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INTRODUCTION 

Dental caries is the disease most frequently 
transmitted in children(1). Modern restorative care of 
decayed lesions is based on the minimal interven-
tion approach, early interception and prevention(2). 
Glass ionomer cement “GIC” was introduced to 

the profession fifty years ago and has been used in 
primary teeth since their introduction into the mar-
ket. It possesses certain unique properties including 
release of anticariogenic fluoride into neighboring 
tooth structures, chemical bonding to enamel and 
dentine, and a low coefficient of thermal expansion 
comparable to the tooth structure (3). Moreover, they 
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ABSTRACT

Purpose: To assess in-vitro the marginal adaptation of three types of glass ionomer cements in 
in class V primary molars. 

Materials and Methods: The sample included thirty sound exfoliated or extracted primary 
molars for orthodontic purpose. The teeth were divided into 3 equal groups of 10 teeth each 
according to the type of the restorative material used. Group I were restored with ceramic reinforced 
glass ionomer, group II were restored with resin modified glass ionomer and group III were restored 
with conventional glass ionomer. After thermocycling, the teeth were immersed in 2% methylene 
blue solution for 24 hours, then they were sectioned buccolingually. The extent of dye penetration 
was detected using a stereomicroscope. 

Results: Ceramic reinforced glass ionomer showed the lowest mean microleakage value at both 
occlusal and gingival margins as compared to the other two groups with statistically significant 
difference. No statistically significant difference in the mean microleakage was recorded between 
the resin modified and conventional glass ionomers 

Conclusion: Ceramic reinforced glass ionomer revealed the highest sealing ability in class V 
primary molars when compared to the resin modified and conventional glass ionomer cements.
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are beneficial when treating young children as they 
are moisture tolerant and require short time to fill the 
cavity (4). However, they are prone to fracture and 
show poor wear resistance (5). Because of their low 
tensile strength, fracture toughness and brittleness, 
these deficiencies have limited their use and made 
them unsuitable for high-stress areas (6). In order to 
enhance their mechanical properties, a number of 
modifiers have been applied to traditional GICs. 
The addition of polymerizable hydrophilic resin to 
conventional glass ionomer cements “CGICs” led to 
the production of resin-modified formulations that 
formed a dual reaction: the acid-base reaction and 
the process of free-radical polymerization (7). These 
resin modified glass ionomer cements “RMGICs” 
show better mechanical properties than CGICs. 
Though there are individual differences from one 
brand to another, still their polymerization shrink-
age and low wear resistance constitute major draw-
backs (8,9). 

Advanced Healthcare, the UK’s leading manu-
facturer of GIC introduced a ceramic-reinforced 
glass ionomer “CRGI” “Amalgomer CR” that offers 
dental professionals the established advantages of 
glass ionomers “GIs” combined with high compres-
sive strength (10). They are the first glass ionomer 
filling materials to achieve an excess of 300MPa at 
24 hours after placement. Its compressive strength 
continues to increase, unlike amalgam, so that at 
one month after placement, they achieve 423 MPa 
that is considered to be higher than most of compos-
ites used for posterior restorations. (11) 

The manufacturer of Amalgomer CR claims that 
its material poses excellent wear characteristics, su-
perior radiopacity, built to match amalgam strength 
and longevity, sustained high fluoride release lev-
els, strong biocompatibility, and natural adhesion 
to the framework of the tooth (11). Ayad et al, (12) 
found that CRGI exhibited notably higher compres-
sive strength and tensile strength than amalgam. 
Also, Deepa and Shobha, (13) concluded that overall  

success of Amalgomer CR is higher than RMGI. 
They referred this success to the ceramic reinforce-
ment of glass ionomer which may be responsible for 
its high strength. Therefore, it becomes more resis-
tant to wear and fracture than RMGI.

 A restorative material should provide a long-
term hermetic seal against bacterial penetration. 
This is especially important as microleakage is a 
main reason of restoration deterioration and may 
lead to secondary caries and pulpal irritation (14). Few 
studies have examined the marginal microleakage 
of Amalgomer CR in class V primary molars. 
Therefore, this study aimed to assess and compare 
in-vitro marginal adaptation of CRGI “Amalgomer 
CR”, RMGI and CGI in class V primary molars. 
The null hypothesis tested was that there is no 
difference between the CRGI, RMGI and CGI 
regarding their sealing ability in Class V primary 
molars restorations.

MATERIALS AND METHODS

This comparative in-vitro study was conducted 
after receiving approval from the Research Ethics 
Committee. Sample size was estimated based on 
assuming 5% alpha error and 80% study power. The 
mean ± SD of microleakge score was 1.3 (0.6) for 
conventional GIC (15), 2.30 (0.6) for resin modified 
glass ionomer and 1.8 (0.7) for Zirconia reinforced 
GIC that was assumed to have similar effect to 
ceramic reinforced GIC (16).  Using F test, sample 
size was calculated to be 10 teeth per group with 
total sample of 30 teeth. Sample size was estimated 
by Gpower 3.0.10.

Study sample

Thirty exfoliated human caries-free primary 
molars and extracted for orthodontic purposes or at 
shedding period were collected from out-patients 
attending the Pediatric Dentistry Clinic, Faculty 
of Dentistry, Alexandria University. All teeth were 
washed and preserved in purified water with 1% 
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chloramines added to it at room temperature to 
prevent their dehydration before the restorative and 
testing procedure (17). 

Materials

The materials used in this study were ceramic 
reinforced glass ionomer (CRGI) “Amalgomer 
CR” (Advanced Health Care, Tonbridge, Kent, 
TN118JU, UK). It is composed of:  

Powder:  Fluoro-aluminosilicate glass, shade 
pigments, polyacrylic acid powder, tartaric acid 
powder and ceramic reinforcing powder 

Liquid: Polyacrylic acid, disttilled water,  
resin modified glass ionomer (RMGI) “Fujii II LC” 
(GC America Inc, Chicago,USA). It is available in 
a disposable preloaded capsules and composed of: 

Powder: Fluoro-aluminosilicate glass glass, 
shade pigments and 

Liquid: Polyacrylic acid, 2 Hydroxyethyl meth-
acrylate (HEMA), proprietary ingredient, Triethyl-
ene glycol methacrylate, 2,2,4, trimethyl hexameth-
ylene dicarbonate (TMHMD), conventional glass 
ionomer (CGI) “Ketac Fil plus Aplicap” (3M ESPE, 
Seefeld, Germany). It is available in a disposable 
preloaded capsules and composed of: 

Powder: Fluoro-aluminosilicate glass, shade 
pigments and 

Liquid: Polyacrylic acid (acid inform of 
copolymer with itaconic, maleic, or tricarboxylic 
acid), tartaric acid and water.

Cavity preparation

Teeth included in the study were hand scaled, 
cleaned using pumice with low-speed handpiece 
then washed with water and stored in normal saline 
till use. Classs V cavities were prepared with a 
standard # 330 carbide bur, on a high-speed water 
cooled handpiece. The bur was replaced every 
four preparations. The cavity outline followed 
the traditional resin restoration cavity preparation 
guidelines (18). A millimeter ruler and a K-file were 
used for standardization purposes. 

Grouping 

Based on a simple random design using an ideal 
bowl technique, the 30 prepared primary molars 
were randomly divided according to the type of 
material used to restore the teeth into 3 equal groups 
“I, II and III”. Group I were restored with CRGI 
“Amalgomer CR” group II were restored with 
RMGI “Fuji II LC” and group III were restored with 
CGI “Ketac Fil Plus Aplicap” 

Teeth restoration

For all prepared cavities, they were rinsed with 
air/water spray then they were dried with oil free 
compressed air. Cavity conditioner was applied and 
left undisturbed for 10 seconds to remove smear 
layer and facilitate the chemical bond between 
glass ionomer and the dental hard tissues (19). Then 
the cavity was washed with water for 10 seconds 
and gently air-dried for 5 seconds. For group 
I: Amalgomer CR was hand mixed: 1 powder 
scoop and 1 liquid drop “1:1” until achieving a 
homogenous consistency; then it was applied 
into the cavity. For group II: Fuji II LC capsule 
was mixed automatically for 10 seconds; applied 
incrementally less than 2mm and each layer was 
light cured for 40 seconds. For group III: Ketac 
Fil Plus Aplicap capsule was automatically mixed 
for 10 seconds; then it was applied into the cavity. 
All steps were done according to manufacturers’ 
recommendations. Restorations were finished and 
polished using a set of 4 “Sof-Lex” abrasive discs 
“coarse, medium, fine and superfine” “3M Dental 
Products, st. Paul, MN55144, USA’’. After finishing, 
all exposed surfaces were coated with varnish and 
light cured for 10 seconds (20).

Microleakage evaluation

Thermocycling was achieved with a thermal 
cycling machine that alters the temperature between 
thermostatically controlled water baths at 5°C and 
55°C with a dwell time of 30 seconds in each bath, 
for about 1000 cycle (21). This aimed to simulate 
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the temperature changes that take place in the oral  
cavity(22). After thermocycling, the apical and 
furcation area of each tooth was sealed with 
chemical cure acrylic resin and sticky wax 
(DENTSPLY International Inc. Milford, DE 19963-
0359 USA). The whole surface of each tooth “with 
exception of the restorations and 1mm around” 
was covered with a double layer of nail varnish to 
ensure proper isolation of teeth surfaces against dye 
penetration (23). For 24 hours, in small dark closed 
bottles, specimens were soaked in 2% methylene 
blue solution away from sunlight (24). After dye 
exposure, the teeth were cleaned and rinsed 
thoroughly with tap water for 5 minutes. Samples 
were longitudinally cut in a buccolingual direction 
through the middle of the restoration using a water-
cooled low-speed diamond saw. This resulted in 
2 equal sections, both of which were analyzed for 
microleakage. Using a stereomicroscope (Olympus 
SZ1145, Olympus Optical Co., LTD. Tokyo, Japan) 
at 20x magnification, the cut surfaces of sectioned 
teeth were inspected and viewed. In accordance with 
the scoring system defined by Silveira de Araϊjo(25) 

the degree of dye penetration was evaluated twice, 
one week apart, by the researcher at the occlusal 
and gingival margins of the restoration. The 
criteria used to score dye penetration were: Score 
0 = No evidence of dye penetration, score 1 = Dye 
penetration along the occlusal/gingival wall to 
less than half of the cavity depth, score 2 = Dye 
penetration along the occlusal/gingival wall to more 
than half of the cavity depth, but not extending on 
to the axial wall, score 3 = Dye penetration along 
the occlusal/gingival wall to the full cavity depth 
and extending on to the axial wall (Fig 1).  Both 
sections were graded and the section with the largest 
degree of occlusal and gingival microleakage was 
reported as the restoration score. The intra examiner 
reliability to determine the degree of dye penetration 
was assessed using Kappa test showed substantial 
agreement (KA=0.76)

Statistical analysis

Data were analyzed using SPSS version 25 (IBM 
Corp, Armonk:NY). Kruskal-Wallis test was applied 
to compare the microleakage scores between groups 
and followed by Dunn’s post hoc test.  Wilcoxon 
signed-rank was used to determine differences at 
occlusal and gingival margins. Significance level 
was set P value of 0.05.

RESULTS

Within group comparison, findings revealed 
no statistically significant difference in the mean 
microleakage scores between the occlusal and 
gingival margins in group I (P=0.317) (Table 1). 
Ninety percent of teeth restored with CRGI were of 
score 0 at occlusal margin and 80% of teeth showed 
score 0 at gingival margin (Figs 2 and 3). However, 
there was a statistically significant difference 
between mean microleakage scores at occlusal and 
gingival margins in group II and III (P=0.038, 0.046 
respectively) where the gingival margins recorded 
higher mean microleakage values in both groups 
(Table 1). Microscopic examination revealed that 
10% of teeth restored with RMGI were of score 0 
at the occlusal and gingival margins, while none of 
the teeth restored with CGI showed score 0 at the 
occlusal or gingival margins (Figs 2 and 3).

Fig. (1) Diagram showing scores of dye leakage (26).
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By comparing the mean microleakage scores of 
the three study groups at the occlusal margin, results 
showed a statistically significant difference between 
group I and group II and between group I and group 
III (P= 0.010, P<0.0001 respectively) where teeth 
restored with CRGI recorded the lowest mean 
microleakage scores occlusally. No statistically 
significant difference was recorded between group 
II and group III (P=0.609) (Table 1).

Similarly, at the gingival margin there was a 
statistically significant difference between group 

I and group II (P=0.007) and between group I and 
group III (P<0.0001) in favor of group I, while there 
was no statistically significant difference between 
group II and group III (P=0.494) (Table 1).

Results of the overall microleakage values of 
the three study groups showed lowest score for 
group I as compared to both group II and group III 
with statistically significant difference (P=0.012, 
P< 0.0001 respectively). However, there was no 
statistically significant difference between group II 
and group III (P=0.418) (Table 2).

Fig. (3) Distribution of microleakage scores among the three 
study groups at gingival margin.

Fig. (2) Distribution of microleakage scores among the three 
study groups at occlusal margin.

TABLE (1) Comparison of microleakage values between the three groups at the occlusal and gingival margin.

Group I (CRGI)
(n=10)

Group II (RMGI)
(n=10)

Group III (CGI)
(n=10)

P value

Mean (SD)

Occlusal 0.10 (0.32) 1.40 (0.97) 2.10 (0.88)
P1=0.010*, 
P2<0.0001*, 
P3=0.609

Gingival 0.20 (0.42) 2.10 (1.10) 2.90 (0.31)
P1=0.007*, 
P2<0.0001*, 
P3=0.494

P value 0.317 0.038* 0.046*

*Statistically significant difference at P value≤0.05

P1: Differences between group I and II, P2: Differences between group I and III, P3: Differences between group II and III.
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DISCUSSION

The evolution of the dental materials is of great 
concern in the dental field. Amalgomer technology 
is an innovation in restorative dentistry. For the 
first time the strength of a classic amalgam has 
been combined with the aesthetic and many other 
benefits of GIs (27). This study aimed to evaluate 
the microleakage of the CRGI in class V primary 
molars and compare it to that of RMGI and CGI.

Results of the present study did not record a sig-
nificant difference between the mean microleakage 
scores at the occlusal and gingival margins in CRGI 
group. This finding agrees with El Negoly et al (28). 
Regarding the RMGI group there was no significant 
difference in the mean microleakage scores be-
tween the occlusal and gingival margins, however, 
the latter recorded higher scores. Within the body of 
RMGI, adjacent to dentin, there is a non-particulate 
layer of solid material called the “absorption layer” 
grows over time and has been shown to be funda-
mentally weak. However, adjacent to the enamel 
this layer does not exist (29). This may explain why 
there was more microleakage at gingival margin for 
RMGI.  Moreover, when the RMGI is added to the 
irregular etched surface, the material monomers po-
lymerize and the material becomes interlocked with 
the surface of the enamel forming the resin micro-
tags. However, in dentin, because of the capillary 
pressure and dentinal fluid oozing out of the tubules, 
the resin is unable to penetrate far (20). This could be 

a possible reason for RMGI showing more leakage 
in dentin. Same findings were reported by Maish et 
al (20) who demonstrated that at cervical margins, 
RMGI exhibited greater microleakage than occlusal 
margins. 

 As regard to the CGI Group, the mean microle-
akage value at the gingival margin was higher than 
that at the occlusal margin however, this difference 
was not notable. This agreed with Xie et al(30) who 
found innotable difference between occlusal and 
gingival margin in CGICs. On the other hand, nota-
ble differences between occlusal and gingival CGIC 
scores were shown by Gupta et al (31).

In the present study all the three materials re-
corded higher microleakage score at gingival mar-
gin than the occlusal margin. Therefore, no material 
was able to entirely stop microleakage at the gingi-
val margin. This could be due to a drop in the num-
ber and thickness of cervical enamel rods and poor 
adherence of the material to the cervical margin. (32) 
This finding agrees with the results of Puckette et al 
(33) and Gupta et al (31) who suggested that the inter-
face for cervical enamel dentin / restoration is more 
susceptible to microleakage than other tooth / resto-
ration interface locations. 

Results of the present study partially reject the 
null hypothesis as by comparing the three study 
groups, CRGI showed the best sealing ability while 
no significant difference was recorded between the 
RMGI and CGI groups. The high sealing ability of 

TABLE (2) Overall microleakage values for the three groups.

Group I (CRGI)

(n=10)

Group II (RMGI)

(n=10)

Group III (CGI)

(n=10)
P value

Mean (SD)

Microleakge 
values

0.15 (0.34) 1.75 (0.95) 2.50 (0.41)
P1=0.012*, 

P2<0.0001*, 
P3=0.418

*Statistically significant difference at P value≤0.05
P1: Differences between group I and II, P2: Differences between group I and III, P3: Differences between group II and III.
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the CRGI could be attributed to its strong natural 
adhesion to tooth structure. Also, it may be due to 
CRGI’s greater compressive and tensile strength (12). 

Ceramic reinforcement of GIC may be responsible 
for the higher strength of CRGI than that of other 
materials rendering the material highly resistant to 
fracture or cracks. Moreover, its high modulus of 
elasticity results in a strong chemical adhesion to 
the structure of the tooth that ensures low interfacial 
stress (11). In the current study, CRGI’s superior 
sealing ability agrees with Woodfine et al (10) who 
demonstrated that CRGI provides an excellent 
natural adhesion to tooth structure. 

 Regarding RMGI, it showed less sealing ability 
as compared to CRGI with a notable difference and 
this is in agreement with Morabito and Defabianis (34) 
who reported that although RMGICs show greater 
bond strength to dental hard tissues than traditional 
materials, microleakage tests showed changeable 
performance. Same findings were reported by 
El Negoly et al (28) who revealed also a notable 
difference between CRGI and RMGIC restorative 
materials with CRGI showed better marginal seal 
with the tooth structures than RMGI.

In the present study, the CGI exhibited the 
greatest microleakage from all groups, however 
there was no notable difference between mean 
microleakage scores of RMGI and CGI groups. This 
may be due to the difference in the early strength of 
GICs, which is primarily influenced by the chemical 
composition of the glass powder and its micro-
structure, the origin, concentration and molecular 
weight of polyacrylic acid (35). This affected their 
proper adherence to the tooth structure and so, 
marginal gaps occur. Furthermore, the incorporation 
of 5% hydroxyethyl methacrylate “HEMA” in the 
RMGI renders the material to have superior physical 
properties than those of CGICs and overcome 
the problems of hardening difficulties. Hence, 
improving the bond strength to the tooth structure, 
although it was not sufficient to show a statistically 
significant difference. This goes in line with Castro 
and Fegial (36), Gupta et al (37) and Pontes et al (38) who 

indicated that RMGI-filled cavities had less leakage 
than comparable CGI-filled cavities. However, 
they showed a significant difference between them. 
This significant effect could be referred to the 
use of different methodology or different types of 
GICs from those used in the present study. On the 
contrary, Puckette et al (39) reported that the degree 
of microleakage of CGICs was notably less than 
those of RMGICs. 

The high success rate of Amalgomer CR may 
be due to efficient cavity preparation, improved 
physical and adhesive properties. Moreover, its 
content of ceramic filler, which is an inert substance 
that do not take part in thermal expansion and 
contraction. However, some limitations were 
noted regarding handling techniques and technical 
difficulties of the material. Amalgomer CR is 
hand-mixed which might incorporate voids into 
the material and the effect of hand-mixing was 
not evaluated in the present study. Furthermore, 
appropriate amount of powder and liquid dispensed 
prior to mixing had to be of great concern. Another 
possible limitation was that, the in vitro studies are 
not capable to reproduce the same conditions of 
the human oral environment completely, although 
the attempt of the methodology to simulate the 
oral conditions. The well- controlled environment 
of the in vitro studies may exaggerate the bonding 
capabilities which is difficult to be achieved in 
the clinical situation. In our study, restorative 
materials were placed in class V cavities prepared 
using a carbide bur on extracted caries-free molars. 
However, clinically, class V restorations are placed 
due to carious lesions. Therefore, enamel/dentin 
substrate characteristics in these situations may be 
different from the bonding substrates encountered 
in this in vitro study. 

Within the limitations of this study, CRGI had 
shown encouraging results. Therefore, it could be 
considered as an effective restorative material due 
to its better marginal seal with tooth structure than 
both RMGI and CGI. 
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CONCLUSION

Ceramic reinforced glass ionomer revealed the 
highest sealing ability in class V primary molars 
when compared to RMGI and CGI. Further clinical 
studies are necessary to determine CRGI clinical 
performance. 
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