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RESTORATIVE DENTISTRY 

MICROLEAKAGE IN CLASS I RESIN COMPOSITE RESTORATIONS 
LINED WITH GLASS IONOMER AS DENTIN SUBSTITUTE 
: AN IN-VITRO STUDY 

*TALAL A. AL-QUNAIAN, BDS, MSD 

ABSTRACT 

The purpose of this in vitro study was to compare the microleakage of occlusal resin composite and 
three glass ionomer/ resin composite techniques. Class I occlusal preparations were initiated on forty 
molar teeth. Teeth were randomly assigned to four groups of ten. Groups were restored as follow: 1) 
Solo Plus / Point 4 resin composite, 2) Fuji IX/ Fuji Bond LC/ Point 4, 3) Fuji IX/ Experimental Liquid-
Liquid glass ionomer bonding material! Point 4, 4) Fuji IX/ Solo Plus / Point 4. After 24 hours storage in 
distilled water at 37°C, the restoration was subjected to 2500 thermal cycles between 8°C and 48°C 
with a 30 second dwell time and 10-second transit time. They were placed in a 5% aqueous solution of 
methylene blue dye for 18 hours. Then, the teeth were sectioned bucco-lingually for microleakage 
assessment. Results were analyzed using a Kruskal- Wallis One-way ANOVA and Tukey All Pairwise 
Multiple Comparison procedures. Results showed the glass ionomer/ resin composite treatment groups 
lined with an experimental liquid-liquid glass ionomer showed significantly less leakage than the resin 
composite group at p<0.05. There was not a statistical difference between any other groups. It is 
concluded that using a high strength glass ionomer as a dentin substitute enhances resistance to 
microleakage when compared to an adhesive resin composite resin. 
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INTRODUCTION 

Posterior composite is allowing the practitioner to 
place a conservative initial restoration, one that pre-
serves considerably more tooth structure than an 
amalgam restoration. Posterior composite generally 
are indicated for initial carious lesion in low stress 
bearing areas. 

Resin composites have been improved during the 
past several years, especially with regard to their 
physical properties. (1,2) Significant advantages, such as 
esthetic, relatively low thermal conductivity, wear 
resistance and easy handling has been obtained. (3) 

However, a major disadvantage of a resin based mate-
rial is polymerization shrinkage that causes gap forma-
tion, especially at dentin margin, which enable bacte  

rial penetration. (4) Enamel is a more reliable substrate 
than dentin in direct adhesive restorations, because of its 
homogenous structure and hydrophobic character.(5) 

The Atraumatic Restorative Treatment (ART) is a 
procedure based on removing carious tooth tissues 
using hand instruments alone and restoring the cavity 
with an adhesive material. (6) At present, the restorative 
material used is glass ionomer. The procedure has 
been developed because millions of people in less-
industrialized countries, refugees, and people living in 
deprived communities are unable to obtain restorative 
dental care. Their teeth gradually decay until extrac-
tion is the only treatment option. The main reason for 
this situation is absence of electrically driven equip-
ment. In contrast, the ART approach provides restor-
ative treatment where the community cannot afford 
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expensive dental equipment. (6) Glass ionomer cement 
(GIC) is used in ART as it bonds to the tooth and halts 
or slows the progression of lesions, mainly because it 
slowly releases fluoride. (6,7) In short clinical trials, 
high success rates have been observed with ART 
technique. (6,8) However, there is a concern on the long-
term success of ART because of susceptibility to frac-
ture of GIC in high stress areas.(8) 

Clinically, it is not unusual to have small occlusal 
carious lesion in the enamel undermined by large 
carious dentin. These cavities are mostly restored by 
direct metal restoration or indirect tooth colored res-
torations which need more extensive preparation. Based 
on ART clinical studies and excellent performance of 
composite resin at enamel, (6,8,9) placing glass ionomer 
cement in dentin and composite in enamel could be 
successful and more conservative treatment. 

Microleakage is defined as the passage of bacteria, 
fluids, molecules or ion between the cavity wall and the 
restorative material. (1°) Microleakage primarily results 
in postoperative sensitivity, marginal staining, recurrent 
caries and/or possible loss of the restoration.(9, 11, 12) 
Assessment of microleakage is usually by dye 
penetration tests. (13, 14) In the absence of clinical data, 
in-vitro microleakage studies are an acceptable method 
to evaluate adhesive restorative materials for adequate 
marginal adaptation. (15) The purpose of this study was 
to compare the microleakage of occlusal resin 
composite and three glass ionomer/ resin composite 
restorative techniques. 

MATERIALS AND METHODS 

Recently forty extracted human molar teeth were 
collected, treated with 10% formalin for two weeks, 
hand scaled, and stored in deionized water at 4°C. Teeth 
were randomly assigned to four groups of ten. Class I 
occlusal preparations were initiated with a No. 557 
plain tungsten carbide bur in a high- speed hand-piece 
equipped with air/ water spray. A minimum buccal- 
lingual dimension of 2mm and a depth of 2mm were 
obtained and the entire groove included in the 
preparation. Following initial preparation, a No. 4 round 
bur in a slow- speed handpiece was used to remove 
dentin from underneath the enamel walls of the 
preparation to the depth of the bur. The preparations 
were rinsed and lightly air- dried to remove any pooled 
water. 

Group 1: 

The preparations were etched with 37.5% phospho-
ric acid (Kerr Corporation, Orange, CA) for 15 seconds, 
rinsed for 15 seconds, and lightly air- dried with com-
pressed air to eliminate pooling. Optibond Solo Plus 
(Kerr Corporation, Orange, CA) was placed for 15 
seconds using a light brushing motion, air-thinned for 3 
seconds and light cured for 20 seconds. An increment of 
Point 4 resin composite (Kerr Corporation, Orange, CA) 
was placed to cover the pulpal floor and the buccal axial 
wall. Additional increments were used to finish the 
restoration as needed (Fig 1). Each increment was cured 
for 40 seconds. The restoration was then finished and 
polished using Jiffy Polishing & Jiffy HiShine 
(Ultradent, South Jordan, Utah). 

 

II Point 4 
Optibond Solo Plus 

Fig 1: Group 1 

Group 2: 

The preparations were treated with GC Cavity 
Conditioner for 10 seconds, rinsed and lightly air-
dried. The Fuji IX applicap glass ionomer cement (GC 
America, Alsip, IL) was activated, mixed for 10 
seconds at -4000 rpm and applied to the dentin surface 
of the preparation. Fuji Bond LC (GC America, Alsip, 
IL) on a microbrush was used to compact the Fuji IX 
into the undercut areas and to clear the enamel walls of 
any restorative material. The Fuji Bond was then light 
cured for 10 seconds. Two minutes after the Fuji IX is 
mixed, a layer of Point 4 was placed to restore the 
occlusal surface (Fig 2). The restoration was then 
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The preparation was etched 
with 37.5% phosphoric acid for 15 seconds, rinsed for 
15 seconds, and lightly air- dried with compressed air to 
eliminate pooling. The Fuji IX applicap was activated, 
mixed for 10 seconds at -4000 rpm and applied to the 
dentin surface of the preparation. Optibond Solo Plus on 
a microbrush was used to compact the Fuji IX into the 
undercut areas and to clear the enamel walls of any 
restorative material. Optibond Solo Plus will then be air-
thinned for 3 seconds and light cured for 20 seconds. 
Two minutes after the Fuji IX is mixed, a layer of Point 
4 was placed to restore the occlusal surface (Fig 4), The 
restoration was then finished and polished using Jiffy 
Polishing & Jiffy HiShine (Ultradent, South Jordan, 
Utah). 

 

 

Fig 2: Group 2 

Group 3: 

The procedure was the same as for Group 2. The 
exception was use of an experimental liquid-liquid 
glass ionomer dentin/ enamel bonding material (GC 
America, Alsip, IL) on a microbrush to compact the 
Fuji IX intd the undercut areas and to clear the enamel 
walls of any restorative material (Fig 3). 

 

 Fig 3: Group 3 

 

 

 

 

 

Thermocycling and Microleakage Procedures: 

After 24 hours storage in distilled water at 37°C, 
teeth were subjected to 2500 thermal cycles between 
8°C and 48°C with a 30 second dwell time and 10-
second transit time. Following the cycling procedure, 
the apices of the roots were prepared and restored with 
glass ionomer. The teeth were sealed with a double 
layer of fingernail polish leaving -1 mm of exposed 
tooth surface around the margins of the restoration. 
After that, they were placed in a 5% aqueous solution of 
methylene blue dye for 18 hours. Then, the teeth were 
lightly brushed to remove superficial dye. 

finished and polished using Jiffy Polishing & Jiffy   Group 4:  
HiShine (Ultradent, South Jordan, Utah). 

 



TABLE 1: MICROLEAKAGE RESULTS. NO DIFFERENCE IN MEANS 
WITH THE SAME LETTER AT P<0.05 

Scores 1 2 3 4 Mean Std Dev 
Groups       
Group 1 3 7 1 9 2.808 1.19 

Group 2 1 16 1 2 2.20 ab 0.69 

Group 3 7 10 2 1 1.85 b 0.81 

Group 4 7 5 2 6 2.35 ab 1.26 

 
Microleakage Examination: 

The teeth were sectionesize,co-lingually with a 
diamond saw to intersect the mesial cusps. The sec-
tioned specimens were polished with suspended alu-
mina to a 1- micron particles size. The microleakage 
was evaluated with a stereomicroscope at 25X magni-
fication for both the buccal and lingual margin of both 
halves. The lowest score at each margin was regis-
tered. Therefore, twenty data points were collected for 
each group. The degree of microleakage was deter-
mined by the extent of penetration of the methylene 
blue and scored as follows: 1) equals no penetration 
into the marginal interface, 2) equals dye penetration 
just into the enamel margin, but not more than 1/4 of 
the distance to the pulpal floor of the preparation, 3) 
equals dye penetration greater than 1/4 of the 
distance to but short of the pulpal floor, and 4) equals 
dye penetration to the pulpal floor of the preparation. 
The data failed to normality test. Therefore, a Kruskal-
Wallis One-way ANOVA and Tukey All Pairwise Mul-
tiple Comparison procedures were used to analyze the 
results. 

RESULTS 

The microleakage results are posted in Table 1. 
The glass ionomer/ P<0.05omposite treatment group 
lined with an experimental liquid-liquid glass ionomer 
showed significantly less leakage than the resin com-
posite group at p<60.05. There was no statistical 
difference between any other groups. 

DISCUSSION 

Laboratory microleakage studies are a popular 
method of screening restorative materials for the 
integrity of their interface with regard to determining 
how their adhesion to tooth structure affects their  

adaptation. It was shown that the Optibond Solo Plus 
and Point4 composite resin performed well in 
microleakage study. (16) Therefore, it was selected to 
serve as a control in this study. There is no system 
prevent microleakage completely. In this study, the 
glass ionomer placed in dentin performed better than 
the resin composite. This is in agreement with different 
studies were glass ionomer provide better seal than 
resin composite. (17, 18, 19, 20) In addition to its superior 
marginal seal, the experimental liquid- liquid is quit 
easy to mix and to place. 

To reproduce the physical characteristics of enamel 
and dentin, two different restorative materials are 
needed: one must be hard and rigid like enamel and 
the other resilient like dentin. The material used to re-
place lost dentin also can serve as a lining. 

Glass ionomer cements have been recommended 
as a dentin substitute with composite completing the 
restoration as an enamel replacement. (21, 22) This is 
because of their favorable flow characteristics, and 
having the desirable properties of releasing of fluoride 
ions, biocompatibility, ability to chemically bond to 
tooth structure, and exhibiting minimal expansion, 
similar to that of tooth structures. (7' 23) Ngo & others 
(24) reported that composite resin did not show the 
ability to facilitate a mineral deposition within the 
tooth structure, yet glass ionomer show this ability. 
Fuji IX revealed an intimate adaptation between the 
glass ionomer and enamel and dentin without gap 
formation.(25) 

Application of an intermediate layer of glass ionomer 
cement between the dentin and the restoration has 
been shown to relieve polymerization contraction stress 
by 20 to 50 percent.(26, 27) This might be due to an 
effective decrease in the decrease in the C-factor of 
overlying composite and/or due to forming an absorp- 
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tion layer that might absorb dentinal fluid and 
swelled. Different resin modified glass ionomer 
materials found to form a layer between the cement 
and the. (28,29) These materials marketed as a stress-
relieving bonding system for composites, in which the 
interfacial stresses from a shrinking, polymerizing 
composite restoration are dissipated by glass ionomer 
cement that sets or polymerizes at a slower rate. The 
mechanism to counteract the polymerization 
shrinkage of composite is one of swelling and 
movement within immature cement as taken up fluid 
from the dentin (18,30) 

The major weakness of glass ionomer restorative 
cement, manufactured for the ART technique, was 
occlusal wear and marginal breakdown. (31,32, 33, 34) Under 
controlled clinical conditions, posterior resin composite 
restorations have the potential to present a high success 
rate at 4 years. (35, 36) 

As this study represents the benefit of using a 
glass ionomer as a dentin substitute, glass ionomer 
cement veneered with composite resin in enamel 
could provide more reservation for unsupported 
enamel with favorable clinical results. Therefore, the 
ART concept need not be confined to less 
industrialized countries. Because it is based on the 
concept of minimal intervention and minimal cavity 
preparation, there is potential for its application in 
restorative treatment in children, the physically or 
mentally handicapped, persons living in shelters, 
those receiving home care services. Also, this 
technique is applicable to conserve enamel when it is 
undermined by large carious dentin. 

CONCLUSION 

This study represents the benefit of using a high 
strength glass ionomer as a dentin substitute. Glass 
ionomer cement veneered with composite resin in 
enamel could provide more reservation for unsup-
ported enamel with favorable microleakage results. 
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