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Abstract 
Aims: The study aims to evaluate the effect of different surface treatments on the shear bond 

strength between flowable composite and glass ionomer cement. Materials and Methods: 

40 samples of glass ionomer cement were prepared by mixing the GIC under manufacturer 

instructions and applied inside a transparent ring measured 3mm in diameter and 2 mm in 

height. Then the samples were segmented into 4 groups, Group (1) as a control negative 

group without surface treatment, Group (2) with surface treated by 37% phosphoric acid, 

Group (3) surface treated by air abrasion with aluminum oxide particles, and Group (4) 

surface treated by polishing discs. Then Adper single bond 2 was placed over samples of 

groups (2,3,4) and light cured, then another transparent ring measured 3 mm in diameter and 

6 mm in height was applied over each GIC disc, and flow the flowable composite 

incrementally into two layers, each layer as 3mm and cured by light cure. Then remove the 

transparent rings to obtain the two bonded materials, GIC, and flowable composite as one 

sample, then measure the bond strength between the two materials for all groups by using 

the universal testing machine. Data were analyzed by using One-Way Analysis of Variance 

and Tukey’s test. Results: A significant difference is observed in shear bond strength (SBS) 

of the groups (P<0.05). Group (3) showed the high SBS and Group (1) showed the lowest 

SBS and there is a significant difference between all the groups in relation to SBS. The high 

difference between Gp(3) and Gps(1,4) whereas the lowest difference is between Gp(2) and 

Gp(4). Conclusions: Within the limitation of this study, the treatments of surface increase 

the shear bond strength between GIC and flowable composite, and high bond strength is 

obtained by air abrasion technique then followed by acid etching and polishing disc 

respectively.  

 الخلاصة 
تقييم تأثير المعالجات السةةةة ي  المفة ع    ى  را را ة  القي  يلأ انسةةةمرك المر    الى  تهدف الدراسةةة الاهداف:  

 ير  ملأ انسةةةمرك الدةةةارجا   40: تم ت ضةةةير  العمل  قائالمواد وطرالقا ل ل ةدفق وانسةةةمرك الدةةةارجا ال  ا    

مم  ثم تم تقسةةيم  2ع وارتعامم  3 مر   تع يمات الةصةةريو وتةقيقها جا ل ق قات اةةعاف   قةر  GICال  ا    ف ط  

( سةة  معال   2(  مجمر   ت كم سة قي   دو  معالج  سةة ي  ، المجمر   )1مجمر ات ، المجمر   )  4العيرات إلى  

( سةةة  معال   راسةةة   دةةط الهرائ  ج  كات  و سةةيد انلرمرير   3٪ ل مض العرسةةعرر ، ، المجمر   )37 رسةةق   

فرق  يرات المجمر ات   2المعرجا    Adperتم وضةةو ماجا ال صةةق    ( سةةة  معال   أ راا الة ميو  ثم4والمجمر   )

مم فرق  ل  را ملأ    6مم وارتعاع    3( وتم تصةةةة يقهةا  الضةةةةرئ ، ثم تم تةقيق ق قات اةةةةعاف    ر   قةر 2،3،4)

ب إلى ،ققةيلأ ،  ةل ،ققة   سةةةةمة،   GIC  راا   مم و لا هةا  ةالضةةةةرئ  ثم  مرةا  3وتةدفق المر ة  القةا ةل ل ةةدفق تةدر جيةا

والمر   القا ل ل ةدفق  عير  واقدا ، ثم  مرا  قياس    GIC  ال  قات الدعاف  ل  صرل   ى الماجتيلأ المةرا ةةيلأ ،  إزال

 ANOVA را الرا ة   يلأ ماجتيلأ لجميو المجمر ات  اسةةفدا  لل  ا ةقار  المي   تم ت  يل القيااات  اسةةفدا  ا ةقار  

(  تظهر المجمر   P <0.05ل مجمر ات )  SBS: لرقظ و رج فرق  قير ف   النتائج   Tukey قاجا الاتجاه وا ةقار 

   SBSوهراك فرق  قير  يلأ  ميو المجمر ات فيما  ةع ق  ةةةةةةة   SBS( تظهر  جاى  1والمجمر   )  SBS( ارتعاع  3)

: ضةةةملأ قدوج ه ه  الاستتتتتنتا ا Gp (4   )و   Gp (2 يرما   ل فرق  يلأ )  Gps (1،4) و ) 3Gpالعرق الكقير  يلأ )

والمر   القا ل ل ةدفق و ةم ال صةةةةرل   ى  را  GICالدراسةةةة  ، ت  د معاملات السةةةةة  ملأ  را را ة  القي  يلأ  

 الرا ة  العالي   ةقري   دط الهرائ ثم  ةقعها الرقش ال مض  و را الة ميو   ى الةرال  
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INTRODUCTION 

The traditional flowable composites 

and resin-modified glass ionomer cement 

(RMGICs) have different approaches to 

bonding to the dental substrate and are 

considered one of the most used tooth 

esthetic restorative materials. (1) 

Glass Ionomer Cements (GICs) were 

invented by Kent and Wilson in 1970. (2) It 

has been a wide range for using in the 

dental field because it has many favorable 

properties like chemical adhesion to the 

surface of the tooth, releasing fluoride, the 

coefficient of thermal expansion same as to 

the tooth, without needing to dry field, low 

contraction in volume and good stability of 

color. (3) 

The sandwich filling was considered 

one of the techniques used in a restoration 

like dental composites, in which composite 

resin and glass ionomer are applied 

together. In this method, the dentin gingival 

margin was elevated by glass-ionomer 

cement and occlusal composite restoration 

was placed over GIC. (4) 

The perfect adhesion between glass 

ionomer cement and composite resin is 

important for a good filling. That technique 

is mostly used and gains both the aesthetic 

properties and physical characteristics of 

these materials. Glass ionomer has two 

good properties in fillings by self-adhere to 

the dentin and release of fluoride. (5) 

Etching the glass ionomer cement is 

efficient to get the perfect bond to 

composite. (6) Using phosphoric acid in 

35% as a treatment surface of glass ionomer 

cement enhances the SBS between cement 

and composite. (7) 

The adhesion force between the 

traditional glass ionomer cement and resin 

composite is a result of the gaps in the 

etched surface of glass ionomer cement. (8) 

It was observed that in the etching method, 

a thickness within 0.5mm of glass ionomer 

cement and twenty seconds of etching is 

important to obtain proper surface bonding. 

(9) 

The observation of differences 

between the hardness of the matrix and 

inorganic fillers of glass ionomer cement, 

also the heterogeneity of glass ionomer 

composition that is lead to trouble in the 

finished and polished glass ionomer cement 

surface end with irregular abrasion. Was 

remains indistinct that either the use of 1-

step, 2-step, or 3-step polishing methods 

affects the surface character of glass 

ionomer materials. (10) 

Seemingly, the SBS between glass 

ionomer cement and flowable composite 

extremely affects the clinical prognosis of 

cosmetic fillings. So my study was 

designed to assess the SBS of flowable 

resin composite adhered to traditional glass 

ionomer cement after different surface 

treatments of GIC using a bonding agent. 

  MATERIALS AND METHODS 

A total of 40 specimens of glass 

ionomer cement (GC Fuji I, GC Co; Japan) 

were prepared under the manufacturer's 

instructions, mixing should be inserted into 
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transparent plastic circles customized by 

using a syringe for insulin injection (Shri 

Sai Pharma Co; India) that is sectioned by 

diamond disk (Falcon, Sigma Abrasives 

Co; China) into many circles with these 

dimensions (3mm of diameter and 2mm of 

height) and then left the glass ionomer 

cement to chemically cure. 

The surface of glass ionomer luting 

cement samples was flattened by applied 

celluloid strips over samples and pressed by 

a glass slap under pressure (240Pa) for 10 

minutes to out the excess material from the 

rings, after removed the glass ionomer from 

the circles, the samples were segmented 

into four groups (10 samples for each 

group) as shown in table (1). Group (1) as a 

negative control left without any surface 

treatment. Group (2) rough the surface with 

37% phosphoric acid (Super etch, SDI co; 

Ireland) for 15 seconds then wash and dry 

the samples for 10 seconds. Group (3) 

rough the surface by air abrasion 

(Dengnuo, DNdent Co; China) with fifteen-

micron aluminum oxide particles for 5 

seconds and the device away for 1cm and 

90 degree above samples then wash and dry 

the surface for 10 seconds. Group (4) rough 

the surface by polishing disc-type coarse 

grit (Super-snap, Shofu Co; Japan) for 5 

seconds then wash and dry for 10 seconds, 

the samples were polished according to the 

instructions of manufacture with fixation of 

the rotational speed of the slow speed 

handpiece (Being Foshan Co; China), the 

polishing technique was completed equally 

from left to right direction, all samples were 

done by the same person to avoid individual 

personal differences with equal pressure on 

the glass ionomer samples.  

After that bonding agent was used 

(per single bond 2, 3M ESPE Co; USA), by 

using a dental brush to apply the bond in 

scraping motion for 10s over each sample 

of Gp (2), Gp (3), and Gp (4), then light-

cured by using light cure (woodpecker B-

cure, Woodpecker Co; China) with 

intensity about 1200 mW/cm2 for 20s 

above the samples at 0.5cm in distance. The 

radiometer is used to measure the intensity 

of irradiation. After that apply new 

transparent plastic circles over the glass 

ionomer samples, these plastic circles with 

measurement ( 3mm in diameter and 6mm 

in height). Then begin to inject the flowable 

composite (B and E flow, South Korea) 

inside these circles as two layers, 3mm for 

each layer over the glass ionomer samples, 

and light cured the composite by using 

woodpecker light cure with an intensity of 

1200 mW/cm2 for 20 seconds for each 

layer.  

After removing the glass ionomer 

with a flowable composite from the circles 

as one sample as shown in figure (1), then 

stored at room temperature (33Co) inside 

sealed box for 24 hours. All procedures 

were completed by a single person. Then 

the SBS was measured by using a universal 

testing machine (GT-Ko3B, Gester 

international company, China) at a 

crosshead speed of one mm per minute as 



Al-Rafidain Dental Journal, Vol. 23, Issue No.1, 2023 (76-84) 

79 
 

shown in figures (2) and (3). The samples 

were tested for shear bond strength and 

applied this equation: Stress (MPa) = 

Failure load (newton)/ surface area (mm2) 

was used to obtain the shear bond strength 

values for each sample. (11) The mean shear 

bond strength was obtained for each group. 

The data were collected in SPSS version 25 

software. Analyzing of data was done by 

One-Way Aalyasis of Variance and 

Tukey’s HSD post-hoc test among the 

means of groups with a significance level 

of ≤ 0.05. 

 

Figure (1). Glass ionomer with flowable composite as one sample and the adjacent rings that 

are used for preparing samples. 

 

 

Figure (2). Universal testing machine. 
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Figure (3). Measuring of Shear bond strength by universal testing machine. 

 

Table (1): Groups of samples 

Groups Type of surface treatment 
Using of bonding agent or 

not 

Group 1 Without surface treatment Without using bonding 

Group 2 37% phosphoric acid etching Use bonding 

Group 3 Air abrasion with aluminum oxide particles Use bonding 

Group 4 Polishing disc Use bonding 

 

RESULTS 

After analysis of data for this study 

by the One-way Analysis of Varience test 

and Tukey’s HSD post-hoc test, the 

descriptive analysis of groups showed the 

highest mean value of SBS in the group (3) 

then followed by groups (2,4) respectively, 

and the lowest mean value of shear bond 

strength in the group (1), mean values and 

standard deviations as shown in table (2). 

ANOVA test showed statistically there is a 

significant difference between groups as 

demonstrated in the table (3). 

Tukey’s HSD post-hoc test 

demonstrates a significant difference is 

appeared between all the groups, as gp (3) 

is highly significant than gps (1,4,2) 

respectively and the lowest significant one 

is shown between gp (2) and gp (4) as 

shown in table (4). 
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Table (2): Descriptive analysis of the means values and standard deviations for the shear 

bond strength of groups. 

Groups N Mean SD 

Group (1) 10 0.06550 0.010690 

Group (2) 10 0.15090 0.026117 

Group (3) 10 0.19030 0.038753 

Group (4) 10 0.11510 0.027469 

Total 40 0.13045 0.053593 

SD: Standard Deviation , N: number of samples. 

Table (3): One-Way ANOVA analysis among the means values for the shear bond strength of 

groups. 

Groups 
Sum of 

Squares 
df Mean Square F Sig. 

Between 

groups 
0.085 3 0.028 36.926 0.000* 

Within groups 0.027 36 0.001   

Total 0.112 39    

df: degree of difference, F: F value at P≤ 0.05 , Sig: significantly  

*: Significantly different. 

Table (4): The comparison among groups by Tukey’s HSD post-hoc test according to shear 

bond strength. 

(1) Groups (J) groups Mean Difference (I-J) Significance 

Group (3) Group (1) 0.124800 0.000* 

Group (3) Group (2) 0.039400 0.015* 

Group (3) Group (4) 0.075200 0.000* 

Group (2) Group (1) 0.085400 0.000* 

Group (2) Group (4) 0.035800 0.031* 

Group (4) Group (1) 0.049600 0.002* 

*:Significant difference. 

DISCUSSION 

Despite the good physical properties of 

glass ionomer cement and its esthetic 

advantage but remain a limitation in dental use 

because need sensitive technique and short 

longevity.(12) So the sandwich technique was 

used by dentists to benefit from releasing 

fluoride and the chemical adhesion to tooth 

surface provided by the glass ionomer cement 

and to progress the mechanical and esthetic 

properties using composite resin over GIC. 

One of the reasons for the success of the 

sandwich technique between GIC and 

flowable resin composite is the good adhesion 

between them, and the use of bonding agents 

that enhance and increase the bonding strength 

between two materials. (12) 

The treatment surface of GIC before the 

application of resin composite is remain 

debatable. Although etching by the acid of the 

surface of glass ionomer cement enhances the 

tensile bond strength to composite resin. (13) 

The roughness of the surface of glass 

ionomer cement by acid etching with cleaned 

mildly leads to high surface energy. So this 

procedure would fulfill the requirements of 

intimate touch and a much interface 
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interlocked between glass ionomer cement and 

a resin composite. (14) 

Past research, does not show 

improvement in the adhesion among GIC and 

resin composite after acid etching surface of 

GIC.(13),(15),(16) 

From the past to the present, a large 

improvement in the restorative materials, 

adhesion systems, and techniques of 

application, therefore the different methods of 

treatment surface of GIC remain very 

important. 

Sheth et al suggested that etching by 

the acid of the GIC can lead to undermining 

the surface of the cement. (17) Some researchers 

have restricted the time of etching to 15 

seconds because the impairment of the surface 

of cement occurs over a long period. (18) 

The present study agrees with Tijen et 

al that the present etching method improved 

the bond between glass ionomer cement and 

resin composite. Yet, after the etch and rinse 

technique was used. (19) 

Phosphoric acid should be dissolved in 

the matrix of the conventional glass ionomer 

cement that leads to a rough with voids within 

the surface which is a retentive factor to 

enhance the bonding to composite resin.(20) 

Eiichiro et al study showed the 

adhesion strength between conventional glass 

ionomer cement and composite resin was 

higher for the phosphoric acid etching group 

and air abrasion group in regarding to the 

control group, and there are no significant 

differences among these two groups. (21) 

Los and Barkmeier (1994) show that 

airborne-particle abrasion may result in type of 

smear layer that plays a role in the improved 

bond strength.(22) 

Schneider et al and Manhart et al 

observed that the increase in the  surface area 

as a result of airborne particle roughening may 

lead to improvements in the bond strength with 

this system. (23),(24) 

In the present study, the results agree 

with Arzu and Osman's study (2004) that 

observed the airborne-particle abrasion 

significantly enhanced the SBS of filling 

materials (a compomer, a resin composite, a 

resin-modified glass ionomer cement, and a 

traditional glass ionomer cement) to enamel 

and dentin. (25) 

After polishing tooth-colored 

restorative materials with different methods, 

the roughness of the surface may be 

contributed to the size of particles and their 

designs inside the matrix resin. For the 

finishing technique to be efficient, the cutter 

particles should be stronger than the filler 

particles; else, the abrasive medium may cut 

the softer matrix only and leave the fillers, so 

higher surface roughness may result, So the 

bonding strength was increased. (26) 

Erdemir et al (2012) were found that 

the surface of materials polished with Sof-Lex 

and PoGo polishing systems attributed to 

higher surface roughness than those polished 

with Mylar strips. (27) 

CONCLUSION 

Within the limitation of this study, it can 

be concluded the roughness of GICs by 

different techniques is enough to increase the 

shear bond strength with a flowable 
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composite. Results showed the most effective 

technique that increases SBS is air abrasion 

with aluminum oxide then followed by the 

phosphoric acid etching technique and the less 

effective one by polishing disc, which results 

obtained by using a bonding agent in 

combination with those surface treatments.  
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