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ABSTRACT 
Objective: To evaluate the microleakage at the junction between amalgam-composite resin restorations 
using different bonding systems. Material and Methods: In this in-vitro study, standard class II cavities 
were prepared on 40 human maxillary premolars. The axial and gingival floor depths of the cavities were 2 
mm and 1 mm below (cementoenamel junction), respectively. The samples were divided into 4 groups (n = 
10). In all groups, a layer of 1-mm thick amalgam was used as a coating for the initial part of the gingival 
floor. In group 1, no bonding system was used for amalgam restoration. In group 2, G-Premio Bond was 
applied. G-Premio bond + alloy primer and single bond + alloy primer were used in group 3 and group 4, 
respectively. The rest of the cavities in all groups were then repaired using FiltekZ250 composite. The 
samples were thermocycled at 500 rpm and immersed in 1% methylene blue solution for 24 hours to allow 
dye penetration. Once cut, the samples were placed under a stereomicroscope (40X) to determine the 
microleakage rate. Data analysis was carried out using post-hoc and Chi-square tests (p<0.05). Results: The 
highest and lowest microleakage rate was related to groups 1 and 3, respectively. There was a significant 
difference between groups (1,2) and (1,3), and (1,4), and groups (2,3) (p<0.05). Conclusion: The use of alloy 
primer and bonding could reduce the microleakage between the two restorations. 
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Introduction 

Composite resin restoration in cavities with gingival margins is a constant concern. Most margins are 

located in deep cavities below the CEJ (cemento-enamel junction) and on cementum and dentin under clinical 

conditions. Dentin bonding is difficult due to its heterogeneous nature and requires a bonding system that is 

compatible with hydroxyapatite, collagen, smear layer, dentin tubules, and dentin fluid at the same time [1]. 

Various strategies have been used to improve the marginal seal of materials, one of which is the use of combined 

restorations [2]. 

In the deep-margin composite resin restoration, resin-modified glass ionomers (RMGI) and amalgam 

lower the composite volume, reducing the c-factor and the stress caused by polymerization shrinkage in the 

composite [3]. 

The technique of using composite-amalgam on the gingival floor of the proximal CLII cavities can also 

be effective in inhibiting microleakage in this area [4]. This technique also enhances the fracture resistance of 

the cusps. It is stated that this technique creates a better contour and proximal contact and more retention than 

conventional amalgam or composite restoration [5]. 

One of the most important aspects related to the quality of amalgam/composite resin restorations is the 

quality of the surface bonding between amalgam and resin composite restorations [6]. Therefore, various 

techniques have been introduced for bonding composites to amalgam, most of which are based on mechanical 

and chemical purposes. After using 4-META (4-methacryloyloxyethy trimellitate anhydride) monomer-based 

adhesive systems for bonding composites to amalgam, this monomer is believed to be able to react with metals 

by forming unique bonds with metal oxides or formed amalgam-containing active metal components [7]. 

Among the various bonding systems, G-Premio contains 4-META and is used as a monomer. Many 

studies have reported that alloy primers are effective in bonding resin composites to metals. However, there has 

been no study on the effectiveness of this method in bonding composites to amalgam [8]. Furthermore, the 

literature review results revealed that there is no study on the use of composite restorations; only primers and 

mechanical methods and finally, adhesives of older generations have been used for some time, and there is a gap 

in this regard. There has been no specific and applicable method either, which leads to confusion among dentists 

in using the methods and materials.  

The present study aimed to investigate the microleakage at the junction between amalgam/composite 

restoration using different bonding systems of G-Premio, Alloy primer and Single bond to compare and evaluate 

their performance and to find an acceptable standard solution to fill the gap in this type of research. 

 

Material and Methods 

Study Design and Ethical Clearance 

In this in vitro study, 16 extracted, intact human maxillary premolars were examined as a pilot study to 

determine the total number of samples. Then, using the results of the pilot study, 40 intact human maxillary 

premolars were studied as the main samples. Study authorization was granted by the owner of the dental office, 

and only teeth extracted for orthodontic and periodontal reasons were included in the study, for ethical reasons 

(IR.ZUMS.REC.2018.248). 

 

Data Collection 

The collected teeth were carefully examined, and teeth with cracks, caries, and abnormalities were 

excluded from the study. After rinsing and removing excess tissues, the teeth were disinfected using chloramine 
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1% (Carl Roth GmbH + Co. KG, Karlsruhe, Germany) solution for one week and kept in physiological serum 

until the present study began. Afterward, the samples were mounted in a self-cure acrylic resin (Acropars, Marlic 

Co., Tehran, Iran). Next, class II cavities of the same size were prepared in all teeth using diamond fissure bur 

(D & G, Germany 0.8) along with water and air spraying. In the box, an occlusogingival height of 4- 5 mm, 

approximately 1 mm below the cemento-enamel junction (CEJ), buccolingual width of box cavities, and axial 

depth were 4 and 2 mm, respectively. Also, a new fissure bur was used after cutting all five cavities. 

Then, the teeth were randomly divided into 4 groups (n = 10), and the restoration steps were performed 

as follows (Table 1). 

 

Table 1. Application modes and descriptions of the materials. 
Manufacture Application Procedures Composition Material 

GC Corp., Tokyo, 
Japan 

The bonding layer was applied to all 
surfaces, and the tooth surface was dried 
with the highest intensity of air pressure 
for 5 seconds after a 10-second interval 

and cured for 20 seconds. 

10-MDP, 4-META, MEPS, 
phosphoric acid ester monomer, 
dimethacrylate, acetone, silicon 

dioxide, initiators 
pH=1.5 

G-Premio 

3M ESPE, USA The cut surface was impregnated with a 
bonding agent for 20 seconds. It was 

then air-dried for 5 seconds with gentle 
pressure and cured for 10 seconds. 

Dimethacrylate 3M ESPE, USA 

GC Corp., Tokyo, 
Japan 

Apply the primer as a thin layer on the 
cut surface and wait for 5 seconds. 

6-(4-vinybenzy-N-propyl)amino-
13,5,-triazine-2,4-dithione 

(VBATDT), MDP, acetone. 
Alloy primer 

3M, ESPE, USA The layers of maximum thickness of 2 
mm were placed in the cavity and then 

cured for 20 seconds. 

Inorganic filler (60% by volume) 
BIS-GMA, UDMA, and BIS-

EMA resins. 

Filtek Z250 

Sinalux, Iran One-unit amalgam was placed in the 
cavity after being mixed by the 

amalgamator for 13 seconds and 
condensed with the condenser depending 

on the cavity size. 

Silver (42.6%), Tin (31.4%), 
Copper (26%) 

Sinalux, Iran 

South Ulteradent 
Jordan, USA 

The surface of the cavity was dried with 
an air spray, and acid was applied to the 

cavity surface. The etching time for 
enamel and dentin was 15 seconds and 
brush the tooth surfaces for 15 seconds 

and then dry with gentle air pressure and 
cotton. 

35%phosphoric acid solution Etchant gel 

 

• Group 1: Tofel Meyer holder and celluloid matrix tape should have been fastened and tightened around each 

of the teeth of this group. Then, a high-copper fast set layer of 1 mm thick amalgam (Sinalux, Faghihi Co., 

Tehran, Iran) was placed on the gingival margin of the cavity. Amalgam thickness was measured using a 

periodontal probe beyond the transparent celluloid matrix. A total of 10 minutes [5,8] was considered for 

the amalgam set. In this group, as a control group, no materials such as primer, bonding, and acid etching 

were used on the amalgam. Then, the remaining surface of the cavity was repaired with Filtek Z250 composite 

(A2 shade with 2-mm thick layers) and cured by a light curing device (Mectron S.P.A, Carrasco, Italy) with 

a minimum intensity of 700-1400 mW / cm2 for 20 seconds. 

• Group 2: Amalgam was applied similarly to the first group. Then, two layers of G-Premio bonding were 

applied to the amalgam surface (at a 10-second interval), where each layer was thinned with the intense air 

force for 5 seconds (according to the manufacturer’s instructions) and cured using a light curing device. Next, 

the remaining surface of the cavity underwent resin composite restoration as with Group 1. After curing 5 
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samples, the output light intensity was evaluated by a radiometer (Starlight Pro, Mectron S.P.A, Carrasco, 

Italy). 

• Group 3: The procedure was the same as Group 2, with the difference that alloy primer was used as a primer 

before placing the bonding in the cavity. Thus, the primer was placed as a thin layer in the cavity, and G -

Premio bonding was applied similarly to Group 2 after 5 seconds. 

• Group 4: Similar to Group 1, amalgam was applied, the cavity surface was dried, and 35% phosphoric acid 

was gently applied onto the surface of the remaining tooth walls by a micro-brush. 

Etching was applied to enamel and dentin for 15 seconds, and then the tooth surfaces were rinsed for 

15 seconds and dried with gentle air pressure and cotton. Afterward, an alloy primer was used as a primer. 

Specifically, the primer was placed as a thin layer on the amalgam in the cavity, and the single bond agent was 

applied in two layers after 5 seconds. It was then cured for 10 seconds, where the remaining surface of the cavity 

was restored, similar to Group 1. 

Once the restorations were completed, the samples were stored in water at 37 °C and 100% humidity 

for 24 h prior to testing and then subjected to thermal cycles (500 cycles), 5 and 55 ° C each for 1 minute (each 

with 30 seconds and 10 breaks between two temperatures) (TC-300; Vafaei Industrial, Iran). The teeth were then 

covered with nail varnish except for the restoration area and 1 mm around it to avoid false positive results via 

dye penetration from another point rather than the restoration margins. Afterward, the samples were placed in 

10% methylene blue solution (24 h). The teeth crowns were cut from the middle in the mesiodistal direction 

using the Mecatome device (T201A1, Presi France, Eybens, France) with water flow. Thereafter, dye penetration 

was examined by a stereomicroscope (x40) (Leica Microsystems GmbH, Wetzlar, Germany) to determine and 

compare the microleakage rate. The percentage of microleakage in the margins was quantitatively evaluated 

using standard degrees. 

 

Table 2. The scoring system of the dye penetrations. 
Degree Dye Penetration Rate (Qualitative) Dye Penetration Rate (Quantitatively) 

0 No dye penetration 0 mm 
1 Dye penetration is about half the cavity depth 0-1 mm 
2 Dye penetration of more than half the cavity 

depth 
1-2 mm 

3 Dye penetration into the axial wall 2 mm 
 

Data Analysis 

Data analysis was carried out using post-hoc and Chi-square tests. Analyses were performed with IBM 

SPSS Statistics software version 20.0 (IBM Corp., Armonk, NY, USA) considering a 95% confidence interval. 

 

Results 

The microleakage was observed in all groups. However, the highest and lowest microleakage rate was 

related to groups 1 and 3, respectively. Table 3 reports the frequency and percentage of microleakage at the 

junction between amalgam and composite restorations in the four studied groups. A statistically significant 

difference between four groups in terms of microleakage percentage at the junction between the amalgam and 

composite restoration was observed (p<0.001). 

The Post hoc test indicated a significant difference between groups (1 and 2), (1 and 3), (1 and 4) 

(p<0.001), as well as between groups (3 and 2) (p= 0.001) in terms of microleakage rate. 
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Table 3. Microleakage score in the four groups. 
 Degree  

Groups 0 1 2 3 p-value 
 N (%) N (%) N (%) N (%)  

Group 1 0 (0.0) 1 (10.0) 4 (40.0) 5 (50.0) <0.001 
Group 2 0 (0.0) 8 (80.0) 2 (20.0) 0 (0.0)  
Group 3 6 (60.0) 4 (40.0) 0 (0.0) 0 (0.0)  
Group 4 2 (20.0) 7 (70.0) 1 (10.0) 0 (0.0)  

 

Discussion 

The two major goals of restorative dentistry are to maintain function and to ensure teeth’ beauty. 

Combined amalgam-composite restorations have advantages such as ensuring an acceptable level of beauty, 

increasing fracture resistance, as well as reducing the amount of cusp flexion and the treatment cost. However, 

concerns about problems and consequences such as post-treatment allergies and recurrence of caries have also 

increased due to the growing number of Class II deep composite resin repairs where the gingival floor of the 

cavity is located on the cementum and dentin [9]. 

According to the results, the highest microleakage rate was observed in the interfaces of amalgam- 

amalgam-composite restorations in group 1 (no primer and bonding between the two restorations, control 

group), group 2 (using G-Premio bond alone), group 4 (Alloy primer +single bond), and group 3 (Alloy primer 

+G-Premio bond). 

Various conventional methods have been utilized for assessing marginal integrity in vitro. These include 

microscopic examination of a bonded specimen or its replica and dye penetration test. However, such methods 

are considered semi-quantitative, time-consuming, and possibly subjective [10]. On the other hand, non-invasive 

imaging methods include Optical coherence tomography (OCT), which has been introduced and employed for 

two-dimensional and three-dimensional evaluation of dental structures as well as biomaterials [11,12]. 

Many researchers have approved the effectiveness of amalcomp technique and amalgam as a base in 

reducing the microleakage rate in composite cavities [13]. 

Amalgam has a condensation property (it can be packed) and does not stick to the pen when placed in 

the cavity; thus, it adapts well to the cavity walls [4,14]. In addition, this material is stable over time, does not 

degrade, and has dimensional stability. This technique also induces the auto-sealing property of amalgam in 

response to surface corrosion, leading to oxide deposition, which can be used to sealing deep CLII cavities [15]. 

This happens over time and depends on the amount of oxides released from the amalgam during its 

corrosion. However, the amount of corrosion in high-copper amalgams is low. Further, unlike conventional 

composites, there is no mechanical or chemical bond between the tooth and the amalgam in RMGI and flow 

composites, and the seal only depends on a good amalgam-tooth adaptation [16]. 

Consistent with the present study, Ozer et al. [17] reported that the use of combined amalgam-

composite restorations has the advantage of reducing gingival microleakage. Also, the use of varnish and 

adhesive methods reduced microleakage at the junction between amalgam and composite resin [17]. 

Davari et al. [9] found that the use of amalgam caused less microleakage than RMGI in the floor of the 

cavity due to the enhancement in the sealing property of amalgam over time and the decline in sealing property 

of RMGI flood over time and its surface degradation. In contrast to the present study, Tolidis et al. [15] 

concluded that there is a greater microleakage in amalgam restoration than in composite restoration. However, 

they attributed this finding to a good initial bond between the composite and the tooth and the samples' short-

term storage (7 days) [15]. 
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In contrast to the results of the present study, Cehreli et al. [18] concluded that the microleakage 

between amalgam and composite is greater than that of amalgam and tooth surface. However, they stated that 

this study was performed on amalgam that had been repaired for some time and suggested that the leakage would 

be lower if fresh amalgam was used (similar to our study) [18]. 

Bulbul [19] stated that the highest bond strength between metals and resin composites occurred when 

micromechanical methods and physicochemical bonding or their combination were used. The micromechanical 

method is obtained using sandblasting with aluminum oxide particles, while the chemical bonding occurs 

through functional monomers of metal primers that are able to bond to the oxidized surface of most metals 

[19,20]. One of the advantages of primers over micromechanical methods is that this method is easier to use and 

does not require complex equipment or methods [21]. Alloy primer is a metal sealant used to boost the bond 

strength of composites and acrylic resins to metals, titanium, and other dental alloys [16]. 

In line with the present study, Machado et al. found that the use of Universal Primer and Alloy Primer 

before adhesive systems enhanced the bond strength of composites to metals [22]. Concurring with the present 

study, Blum et al. [6] found that the simultaneous use of an alloy primer and a type of adhesive (bonding) was 

better than other methods in reducing the percentage of microleakage at the junction between amalgam and 

composite restoration. Sarabi et al. [23] also concluded that there was a greater fracture resistance in sandblasted 

amalgam samples in combined amalgam-composite restorations where 3M bonding was used. 

Adhesive resins that contain 4-META have been studied in various articles for about 20 years. These 

products have provided extraordinary results so far; they are also easy to use and are not technique-sensitive 

[7]. Although mechanical retention has long been used for bonding composite to amalgam, considering the use 

of 4-META monomer-based adhesive systems, it is thought that this monomer could react with metals by 

forming unique bonds with metal oxides or active metal components of amalgam [24]. 

G-Premio is a universal light-cured bonding agent whose advanced formulation contains 4-META in 

direct bonding of light-cured composites and compomers to teeth. It is used in the treatment of sensitive teeth, 

the sealing of cavities in indirect restorations, and the correction of zirconia restorations, metal base, alumina, or 

composite. Further, it prevents allergic reactions and enjoys a longer shelf life in the oral environment due to 

the lack of water uptake. Shorter clinical work time, less technical sensitivity, and good bond strength are among 

the other advantages of this material [25]. 

The reduction in the microleakage percentage in Group 4 may be due to the simultaneous use of alloy 

primer and G-Premio, which contain 4-META; that is, 4-META of G- Premio has a synergistic effect on Alloy 

primer. In this regard, Tsujimoto et al. [26] concluded that shear bond strength, glass ceramic, and zirconia 

were greater in the metal alloys+ adhesives+ G- Premio bond as compared to Scotch universal bond. 

 

Conclusion 

A combined amalgam-composite class II restoration was clinically acceptable regarding microleakage, 

and the use of a dentin bonding plus alloy primer reduced microleakage. However, an in vivo study is 

recommended to confirm these results. 
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