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ABSTRACT

Objectives: To assess the compressive strength of commercial resin-modifi ed glass ionomer cement 
with conventional glass ionomer cement.

Methods and materials: Compressive strength of two conventional glass ionomer cement (Low 
viscosity - GC Fuji IX GP® and high viscosity - ChemFil Rock®) and two resin-modifi ed glass 
ionomer cements (Auto-cure - Fuji-Plus® and Light activated - Fuji II LC®) were investigated 
at 24°C and 37°C after 1 and 28 days. All materials were mixed according to manufacturer’s 
instructions. The samples were made in 6mm height and 4mm in diameter. Universal Testing 
Machine (Instron,  M30K) at crosshead speed of  0.5mm/min was used according to ISO 9917-
1:2007 (E) standards to evaluate compression strength. Paired T-test was used to fi nd statistical 
diff erence between the commercial groups, keeping p value of ≤ 0.05 as signifi cant.

Results: Resin-modifi ed Glass ionomer cement showed low compressive strength (113 ±8 MPa) 
as compared to the conventional Glass ionomer cement (179 ±20 MPa) at both room tempera-
ture as well as at body temperature. Furthermore, ChemFill Rock® has the highest compressive 
strength, whereas Fuji-II® has the lowest compressive strength at 1-day and 28 day respectively.

Conclusion: Compressive strength was low for resin-modifi ed Glass ionomer cement as com-
pared to conventional glass ionomer cement. Chemifi l-rock® material has achieved maximum 
compressive strength among all the commercial materials.
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 INTRODUCTION

Dental decay is the most common non-com-
municable disease worldwide. If untreated, it can 
result in pain and infection which may lead to tooth 
extraction. Various materials have been used to 
restore the dental cavities that are result of dental 
caries. Some of the material include glass ionomer 
cement, dental amalgam, dental composite resin etc 1.

Glass Ionomer cement (GIC) was developed 
by Wilson and Kent in 19722. This cement con-
tains powder and a liquid where powder mainly is 
composed of glass, and liquid portion comprises of 
polyacrylic acid. Upon mixing, acid base reaction 
starts that result in formation of polyalkenoate glass 
matrix. GIC is a dental fi lling material that replaces 
lost tooth structure after dental decay. It not only 
restores the tooth structure3 but has the capacity 
to release fl uoride ions that arrest the dental decay 
from further progressing. Bonding to dental tissues 
including enamel and dentine is purely chemical in 
nature which will require no further cavity prepara-
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tion, thereby conserving healthy tooth4. GIC possess 
the minimum expansion characteristics of any com-
mercial material present. Furthermore, its coeffi  cient 
of thermal expansion is closest with dental tooth 
structure in terms of dimensional changes5.

Around the period of 1988, there was a 
modifi cation done in GIC to make an innovative 
material known as resin-modifi ed glass ionomer 
cement (RMGIC)6. In contrast with GIC, RMGIC is 
considered tooth coloured restoration material that 
can inherently bond to tooth structure7. The major 
contrast in their compositions was the addition of 
hydrophilic monomer that has the affi  nity for both 
tooth structure and composite resin. Water absorption 
in material can cause material matrix disruption and 
disintegration. Absorption of water by both GIC and 
RMGIC can modify the mechanical, physical and 
chemical properties 8, 9. 

During the masticatory load in the oral cavity, 
the restorative materials placed in the oral cavity 
must possess enough compressive strength to with-
stand the compressive load 6,10. Application of GIC 
is certainly limited as restorative material because 
of its low mechanical characteristics in areas of 
the mouth where mechanical stress is maximum11. 
Mechanically a material must have high strength to 
bear the heavy loads of masticatory forces in the oral 
cavity during the process of chewing 12. In contrast 
to GIC, RMGIC has improved mechanical proper-
ties 13,14. A number of studies have been conducted 
on compressive strength of GIC and RMGIC by 
keeping temperature at 37°C and storing medium as 
ionized water. However, few studies have assessed 
the mechanical properties at diff erent time points 
(1 day and 28 day) and saliva as a storing medium.  
This study assessed the mechanical properties of the 
available commercial material over a time at 24℃ 
and 37 °C. Objective of this study was to assess 
the compressive strength of commercial GIC and 
RMGIC at both room temperature (24 ℃) and body 
temperature (37 ℃). 

MATERIALS AND METHODS

Two conventional Glass ionomer cements (Low 
viscosity - Fuji IX and high viscosity - Chemi-
fi l-rock) and two Resin-modifi ed Glass ionomer 
cements (Auto-cure - Fuji-Plus and Light activated 
- Fuji II LC) were investigated after keeping samples 
at room temperature and 37°C for 1 day and 28 days. 

Forty test samples were prepared with reference 
to ISO 7486: 1986. The dimension of sample was 
6mm height and 4mm diameter15. Each sample was 
prepared using a metal split mold. All samples were 
made according to manufacturer’s instructions . 
Mixing was done at room temperature (24 ˚C). An 
cellulose acetate strip covered the  top of split mold 
to achieve smooth surface 16. The samples of light 
activated RMGIC (Fuji II LC), were cured using 
LED (3M ESPE Elipar LED curing light type II) for 
20 seconds as per manufacturer’s instruction in metal 
spilt mold. Every sample was thoroughly inspected 
for the presence of any imperfections such as air 
bubbles, chipping, rough surfaces etc. Perfect sam-
ples were chosen to carry out testing for compressive 
strength. The samples were divided on the basis of 
storage time and storage temperature. According to 
storage time they were tested after 1 and 28 days. 
According to storage temperature the samples were 
kept at normal room temperature (24 ˚C) and at 
body temperature (37˚C). The compression test 
was carried out according to ISO 9917-1:2007E in 
an automated appliance (INSTRON M30K, USA). 
The maximum compressive strength was recorded 
at a crosshead rate of 0.5 mm/min and weight of 30 
KN. Compressive strength was evaluated, using the 
following equation; C=4p/ πd²

Where “p” is the maximum applied force causing 
a fracture and “d” is the diameter of the sample.

Compressive strength was presented in MPa. 

Table 1: Compressive strength of conventional GIC & 
RMGIC at room temperature (24 ˚C).

Formulations Compressive strength (MPa)

At 1-day At 28-days

Fuji-IX® 144 ±16 191 ±26

ChemFill Rock® 161 ±12 179 ±31

Fuji-II LC® 150 ±8 167 ±8

Fuji-Plus® 88 ±14 109 ±9

Table 2; Compressive strength of conventional GICs and 
RMGICs at body temperature (37 ˚C)

Formulations Compressive strength (MPa)

at 1-day at 28-days

Fuji-IX® 169 ±33 198 ±28

ChemFill Rock® 179 ±20 221 ±7

Fuji-II LC® 163 ±10 173 ±12

Fuji-Plus® 113 ±8 118 ±13
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Data was presented in table form. Paired T test 
was used to fi nd statistical diff erence between the 
commercial groups, keeping p value of ≤ 0.05 as 
signifi cant.

RESULT

Compressive strength at 24 ˚C: The average 
compressive strength of the samples in the various 
groups stored at 24 ̊ C is given in Table 1. After 1-day 
storage, Chemifi l-Rock showed the maximum com-
pressive strength (161 ±12 MPa), followed by Fuji-II 
LC (150 ±8 MPa), conventional GIC Fuji-IX (144 
±16 MPa) and Fuji-Plus (88 ±14 MPa) respectively. 
Chemifi l-rock GIC showed signifi cantly higher com-
pressive strength compared to RMGICs (P ≤0.05).

After 28 days, Fuji-IX showed the maximum 
compressive strength (191 ±26 MPa) followed by 
Chemifi l-rock (179 ±31 MPa), Fuji-II LC (167 ±8 
MPa) and Fuji-Plus (109 ±9 MPa) respectively. 
Furthermore, higher compressive strength was seen 
for conventional GICs and RMGICs at 28 days 
compared to day 1 (p > 0.05). 

Compressive test at 37 ˚C: After 1 day, the 
maximum compressive strength was observed for 
Chemifi l-rock (179 ±20 MPa) followed by Fuji 
IX (169 ±33 MPa), RMGIC Fuji-II LC (163 ±10 
MPa) respectively. Minimum compressive strength 
was noted for Fuji-Plus (113 ±8 MPa). Statistical 
analysis showed insignifi cant diff erence between 
the conventional GICs and RMGICs at 37 °C (P ≥ 
0.05), apart from Fuji-Plus that diff er signifi cantly 
(P ≤ 0.05) from other GICs.

After 28 days, the maximum compressive 
strength was observed for Chemifi l-rock (221 ±7 
MPa), followed by Fuji-IX (198 ±28 MPa), RMGIC 
Fuji-II LC (173 ±12 MPa). Furthermore, Fuji-Plus 
showed the lowest compressive strength (118± 13) 
among all other commercial materials. Statistical 
analysis at 28 days showed a signifi cant variation 
between conventional GICs and RMGICs (P ≤ 0.05) 
and exhibited higher average compressive strength 
for conventional GICs compared to RMGICs (P ≥ 
0.05).

DISCUSSION

In this study, two types of materials (GIC and 
RMGIC) were tested in four groups depending upon 
the test conditions; time intervals (1 and 28 days) 
and testing temperatures (24 ℃ and 37 ℃). Overall, 

conventional GIC had higher compressive strength 
compared to RMGIC at 24 and 37 ˚C. Secondly, 
the testing variables such as storage time and tem-
perature can signifi cantly infl uence the mechanical 
properties of the material.

Amongst the four groups tested, conventional 
GIC marketed under the trade name Chemifi l-rock® 
(Dentsply DeTrey GmbH Germany) showed the 
highest compressive strength at 37 ˚C and 4 weeks’ 
time (221 ±7 MPa). Although the RMGIC Fu-
ji-Plus® (GC Corporation Tokyo Japan) had the 
lowest compressive strength at 24 ˚C and 24 hr. 
(88 ±14 MPa), this value was well above 50 MPa 
which is the acceptable value for the lining cement 
according to ISO 9917-13.

This study had observed low compressive 
strength of RMGIC compared to GIC, which is in 
agreement with work done by Xie et. al.14, Anstice 
et. al.17 and Nicholos et. al. 18. They also observed 
the degradation of compressive strength in RMGIC 
on storage in water medium. Moreover, during the 
primary setting, the values of compression displayed 
a rise mainly upon the utilization of ultrasonic and 
heat methodologies. As a result of these character-
istics the materials durability in clinical practice 
would show an enhancement and even ultrasonic 
means would raise the properties of RMGIC by its 
command setting 19.

High viscosity GIC in this experimentation 
displayed maximum average compression values 
(221±7 MPa) in comparison to low light viscos-
ity GIC and light and auto-cure RMGIC at 1 and 
28 days. This can be contributed to the fact that 
Chemifi l-rock® had high viscosity and faster setting 
reaction. Furthermore, the higher strength could be 
contributed to compositional zinc-reinforcement as 
mentioned by the manufacturer (Dentsply Detrey 
GmbH Germany). In comparison, an argument was 
made by Xu X et. al,20 and reported that compression 
values of low viscosity GIC at 24 hours period were 
168 MPa which were comparatively higher. This 
could be attributed to the diff erent sample dimension 
and testing capacity 21. Another study by Wu W et. 
al., Algera et. al., and Nomoto et. al., 21-23 reported 
corresponding results to the present study where  
increase in the compressive strength of GIC was 
evident except for Fleming GJ 24 who mentioned 
low values of compression in commercial GIC and 
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RMGIC. 

In this study, compressive strength of commer-
cial GIC and RMGIC were comparable to studies in 
literature. The average compression values in this 
study for low viscosity GIC at 24 hours and 37°C 
was about 168 MPa which were similar as reported 
by Xu X et. al, 20. Whereas the average compression 
measurements of low viscosity GIC (168 MPa) and 
high viscosity GIC (179 MPa) at 1 day period and 
37°C of this study was found to be of similar values 
as reported by Wu W et. al. 21

However, light activated RMGIC displayed 
diff erent compressive strength compared to study 
done by Wu W et. al. This could be due to diff erent 
sample size or composition 25. Dissimilar measure-
ments were most probably related to diff erence in test 
specimen dimensions, mentioned dispensing ratio 
of powder and liquid around 2.7/1, diff erent sample 
dimensions (4mm x 8mm) and keeping samples in 
deionized water as storing liquid for 1 week 26. 

In this study, all commercial materials showed 
a signifi cant increase in compressive strength when 
stored at room temperature compared to storage at 
37 ˚C. This could be due to higher solubility and 
wear at 37 ˚C. 

CONCLUSION 

Conversional glass ionomer cement has higher 
compressive strength as compared to resin-modifi ed 
glass ionomer cement. Furthermore, compressive 
strength value of all material reduced when immersed 
for a longer period of time and at a higher tempera-
ture. Among all the commercial GIC and RMGIC, 
Chemifil-rock material has achieved maximum 
compressive strength.
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