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Abstract

The use of tooth-colored materials in restorative dentistry raised 
due to high esthetic demand from the patients. The main mate-
rial used today is resin-based composite, but glass ionomer ce-
ments are more biocompatible to the dentin and can remineralize 
affected dentin. So, the sandwich technique can answer both is-
sues- biocompatibility and esthetic results. The question raised for 
this research was if the resin-based composite can be bonded to 
the glass-ionomer cement so no micro leakage will occur between 
the two components. Shear Bond Strength (SBS) analyses at Turku 
laboratory (Finland) and at Pediatric dental clinic at Barzilai Medi-
cal Center (Israel) showed that the bonding between resin-based 
composite and glass-ionomer cement after etching and bonding of 
glass-ionomer cement happens and increases with time. The con-
clusion was that the sandwich technique is an optional treatment 
for deep carious lesions at sites with high esthetic demands.
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Introduction

Dental restorative procedures remain the cornerstone of 
dental practice. Whilst non restorative strategies can arrest ear-
ly dental caries, many caries lesions progress to cavitation and 
require restorative intervention. Moreover, many restorative 
procedures are the result of failed restorations; replacements 
accounts for more than half of the restorations placed by dental 
practitioners [1]. Many different tooth-colored materials have 
been developed and marketed. They can be classified into fol-
lowing groups: 

Resin-based materials set by polymerization. These materi-
als are used with an adhesion technique. Polymerization initia-
tion by light requires blue light-emitting curing units.

Glass ionomer cements, set exclusively by an acid-base reac-
tion. The attachment to dental enamel and dentin is developed 
by a chemical bond between the carboxyl groups of the glass 
ionomer and the calcium ions of enamel and dentin. The glass-
ionomer material can also release fluoride to its vicinity, enamel 
and dentin [2].

Resin materials combined with components of glass ionomer 
cements (compomers). The material relies on polymerization 
and it is used with an adhesive system [3].

A new material of an ion-releasing (calcium) fiber-reinforced 
flowable composite (Bio-SFRC) that promote mineralization at 
the interface and inside the organic matrix of demineralized 
dentin was developed [4].

Class II cavities are often with deep subgingival extensions 
of the approximal cavity floor. These variables must be consid-
ered when choosing a suitable material. The extension of the 
cavity floor into the gingival sulcus generates challenges to ad-
equate moisture control. This may be a problem for moisture 
and contamination of sensitive materials such as adhesives 
required for resin composites [5]. Laboratory studies found 
more biofilm formation on resin-based materials compared to 
amalgam, which may contribute to increased secondary caries 
around resin composites and influence the health of the neigh-
boring periodontal tissues [6]. Moreover, resin-based materials 
and dental adhesives are cytotoxic and cause an intracellular 
redox imbalance [7,8], that may influence the periodontal tis-
sues. Therefore, special techniques have been described, such 
as the open sandwich technique, to overcome the problems [5].

The problem begins when the contact area between the 
glass ionomer cement placed in the box and the composite 
material on the occlusal is not tightly connected and second-
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ary caries may affect the dentin layer between the materials. 
Shear Bond Strength (SBS) of composite to glass-ionomer ce-
ment using self-etch and total-etch adhesives was tested and 
the showed results between 2-28 Mpa [9].

The aim of the study was to analyze in vitro the effect of 
etching on glass-ionomer cement and the SBS of composite to 
glass-ionomer cements and to Bio-SFRC after 1 and 24H and af-
ter 40 days. The SBS results were compared to composite mate-
rial bonded to enamel after etching and bonding after 1 hour 
and 1 week.

Materials and Methods

SEM Analyses

A bulk of glass-ionomer cement (EQUIA Forte, GC Europe) 
was prepared and left for self-cure for 15 minutes. 37% phos-
phoric acid was applied on the surface for 20 seconds, washed 
with copious amount of water and dried. The surface of the 
glass-ionomer cement was photographed under SEM before 
and after etching (Figure 1 & 2). 

On the glass-ionomer cement a flowable composite material 
(Flow-it ALC by Pentron, USA) was applied after etching (Scotch 
bond Universal etchant by 3M/ESPE) and bonding (Single Bond 
Universal by 3M/ESPE) and light-cured for 40 seconds. The bulk 
of glass-ionomer and composite was sliced using an Isomet 100. 
The slices were examined under SEM to analyses the contact 
line between the composite and the glass-ionomer cement (Fig-
ure 3). 

SBS (Shear bond strength). Intact premolars extracted for 
orthodontic reason were used. On the buccal surface a cavity 

was prepared using a 330-carbide bur (Figure 4). The cavity was 
filled with a high viscosity glass-ionomer cement (EQUIA Forte 
by GC Europe-Figure 5). At Turku Department of Biomaterials 
Science 3 groups of 30 premolars were examined: After an hour 
of self-setting, after 24 hours and after 40 days. For each group, 
on 10 teeth the glass ionomer cement was covered with inject-
able composite material without etching and bonding, on 10 
teeth the composite material was bonded to the glass ionomer 
after 20 sec etching and bonding and on 10 teeth a bio liner 
(Bio-SFRC) filled the cavity and the composite material applied 
on top without etching and bonding (Figure 6). At the pediatric 
dental unit at Barzilai Medical University center a similar study 
design was performed. 14 premolars with cavities filled with 
high-viscosity Glass-Ionomer Cement and composite bonded 
after 20 sec etching and bonding were examined for SBS. 5 
premolars with composite bonded to GI were examined after 1 
hour and 24 hours, and 4 premolars after 1 week. 5 premolars 
with only composite bonded to intact enamel after 20 sec etch-
ing and bonding were examined as control after 1H and 1 week. 
All teeth (both at Turko lab and at Barzilai clinic) were kept in 
artificial saliva before tests and the SBS tests were performed 
using LR10K plus by LLOYD with a preload stress of 0.005 kN and 
speed of 1 mm/min. The fracture type (cohesive or adhesive) 
was examined under a light microscope.

Figure 1: GIC (EQUIA FORTE by GC Europe) before etching 
(magnification 2300).

Figure 2: GIC after etching with 37% phosphoric acid (magnifica-
tion 2200).

Figure 3: The contact line between Composite (bottom) and GIC 
after etching and bonding (magnification 250).

Figure 4: The cavity prepared on the buccal surface of the premolar.

Figure 5: GIC filling of the cavity.
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Results

SEM analysis of Glass ionomer before and after etching (Fig-
ure 1 & 2). The large particles of the glass ionomer cement were 
dissolved by the etchant. After bonding and composite material 
application, there is a very close contact between the two ma-
terials (Figure 3). 

Figure 6: Composite or bioliner cylinder bonded to GIC.

Figure 7: SBS between GIC and composite (without etching and 
bonding-first three columns on the left, and after etching and 
bonding- columns 4-6) and between everX bio and composite 
after 1 and 24 hours and after 40 days (Turku Lab).

Figure 8: Cohesive fracture.

Figure 7: SBS between GIC and composite (without etching and 
bonding-first three columns on the left, and after etching and 
bonding- columns 4-6) and between everX bio and composite 
after 1 and 24 hours and after 40 days (Turku Lab).

Figure 10: SBS of composite bonded to enamel after 1 hour (1H) 
and 1 week (1W) and of composite bonded to GIC after 1 hour 
(1W), one day (1D) and 1 week (1W).

The SBS results from Turku lab are presented in Figure 7. The 
SBS of composite to glass ionomer cement without bonding 
was very low, but after etching and bonding the SBS improved 
significantly and the SBS after 40 days was higher in comparison 
to 1 and 24 hours. The SBS of composite Bonded to Ion-releas-
ing fiber-reinforced flowable composite (Bio-SFRC) was twice as 
higher than that of composite bonded to glass ionomer cement. 
The failure type of the composite bonded to GIC without bond-
ing was cohesive (Figure 8) in 4 cases and adhesive (Figure 9) in 
6 cases after 1 hour and adhesive in all 10 teeth after 24 hours. 
Composite bonded to GIC after etching and bonding showed 
cohesive fracture in 5 cases and adhesive fracture in 5 cases 
after 1 hour and after 24 hours 2 cohesive fractures and 8 adhe-
sive fractures. Composite bonded to Bio-SFRC showed cohesive 
fracture in 4 cases and adhesive fracture in 6 cases after 1 hour 
and after 24 hours 10 adhesive fractures.

The SBS results from Barzilai clinic are presented in Figure 
10. The SBS of composite bonded to enamel was higher than 
the SBS of composite bonded to GIC but the differences were 
smaller after 1 week. The SBS of composite bonded to GIC in-
creased from 1 day to 1 week. The failure of composite bonded 
to enamel were cohesive in 2 cases and adhesive in 3 cases after 
1 hour and cohesive in 3 cases and adhesive in 2 cases after 1 
week. When the composite was bonded to GIC the failure was 
adhesive in all cases after 1 hour, adhesive in 2 cases and cohe-
sive in 3 cases after 1 day and after 1 week.

Discussion

The results of this in vitro research showed that composite 
material can be bonded to glass-ionomer cement and to new 
ion-releasing fiber-reinforced flowable composite (Bio SFRC). 
Similar results regarding glass ionomer cement bond to com-
posite resin were published before [10-12]. The SEM analyses 
showed a close contact between composite resin and GIC after 
etching and bonding. Glass ionomer cement and composite res-
in showed similar clinical performance in class II restorations in 
primary teeth, except for secondary carious lesions, in which GIC 
presented superior performance [13]. But in the era of high de-
mand of esthetic restorations, the sandwich technique for Class 
II restorations in permanent teeth can answer both problems- 
minimal secondary carious lesions due to the effect of glass-
ionomer cements in the box and the esthetic requirement using 
the composite resin on the occlusal surface. The issue of the 
interface between the two restorative materials was analyzed 
already some 40 years ago, but the recommendation was to ap-
ply the composite resin on GIC after 24 of maturation [13]. This 
procedure required an additional clinical visit. The SBS results 
of bonding between composite to glass-ionomer cement after 
etching and bonding were similar to results published by Hight 
et al. and Manihani et al. [9,10], and showed improvement after 
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1 week and 1 month in comparison to the first 24 hours. SBS of 
composite resin to the new Bio SFRC material showed better 
results than composite resin to GIC during the first day but was 
similar to the results at Barzilai Clinic after a week. Compos-
ite resin bonded to enamel after etching and bonding showed 
higher SBS results in comparison to composite resin bonded to 
GIC but the differences were small after a week. Many of the 
failures observed in the groups of composite resin bonded to 
GIC were of cohesive type showing that the bond between the 
materials was stronger than the bond of GIC to the dentin and 
enamel. In Class II restorations the bond between GIC and den-
tin and enamel in the box is not affected by the masticatory 
forces, so cohesive failure of the restoration due to debonding 
of GIC from the bottom of the restoration cannot occur.
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