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ABSTRACT: The glass ionomer cements (GICs) is a generic name given to a group of materials widely used in 

clinical dentistry which if used after the specified expiration date, material properties may be affected. to evaluate the Vickers 
microhardness, surface morphology and the energy dispersive X-ray microanalysis (EDX), of GICs with different expiration 
dates that were stored at room temperature. specimens of highly viscous glass ionomer cement (HVGIC) (Ketac Cem and 
Ketac Molar) and resin-modified glass ionomer cement (RMGIC) (Vitrebond) with different expiration dates (current, close to 
their expiration and expired) were prepared for Vickers microhardness test and scanning electronic microscopy (SEM) with 
EDX, measuring 5 mm in diameter and 2 mm length, per the manufacturer’s instructions, in standard cylindrical teflon molds. 
For the comparison of obtained values, the ANOVA test was used, while Tukey test was used for the multiple comparisons. 
In all the GICs used, the microhardness decreased as the expiration date approached, finding a significant statistical difference 
(P<0.05) in Ketac Molar and Vitrebond. SEM sample analysis revealed similar cohesive cracks in all tested materials. The 
EDX analysis revealed the presence of the elements F, Al and Si in all GICs and Ca only in Ketac Molar and Ketac Cem. The 
elements were found in a higher atomic percentage in the GICs with an current date and in a lower percentage in those with 
an expired date. HVGIC and RMGIC with an expiration date finish and that were stored at room temperature, suffer significant 
physical and chemical changes, which could put doubts its clinical effectiveness. 
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INTRODUCTION 
 
 

Glass ionomer cements (GICs) were introduced 
by Wilson and Kent in 1970s (Shashibhushan et al., 
2008). The glass ionomer is a generic name given to a 
group of materials widely used in clinical dentistry as 
teeth fillers and luting cements. GICs consist of poly 
acrylic acid and copolymers of poly acrylic acid as the 
ionomer and an acid decomposable fluoro- 
aluminosilicate as the glass powders (Goenka et al., 
2012). Biocompatibility, fluoride release, and chemical 
bonding to hard tissues of the tooth render it an ideal 
material in many restorative situations. Its ability to 
prevent and arrest carious lesions has been supported 

 
by numerous systematic reviews and meta-analyses 
(Tedesco et al., 2016; Raggio et al., 2016). GICs are 
widely used as the base, liner, luting, and restorative 
material (Saxena & Tiwari, 2016). GICs being polymeric 
materials so it’s in vitro and in vivo performance are 
associated to the chemical structural configuration and 
its rate of degradation and time. The degradation may 
be mainly chemical where a combination of effects 
arises from oxidative chain scission, oxidation 
hydrolysis, changes in crystallinity, and other factors 
that may be dependent on the environmental storage 
(Drummond, 2018). The vast majorities of the materials 
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used in dentistry are perishable and have specific 
storage requirements to maintain optimum properties 
and maximize their shelf life. For example, unlike resin 
composite where manufacturers recommend 
refrigerated storage, for GICs it is only recommended 
not to store the product above 25 ° C. When a dentist 
purchases any dental material, three important 
informations are printed on the box: the batch number, 
the expiration date, and the storage conditions. Most 
of dental materials have a limited shelf life, which is 
the time where a material retains the physical and 
mechanical properties necessary to accomplish its 
prescribed purpose (Sabbagh et al., 2018). 

 
Although manufacturers encourage the 

professional to use dental materials within the useful 
life range indicated on the packaging, it is common for 
some operators to use them in periods close to the 
expiration date and even after expiration. Theoretically, 
if used after the specified expiration date, material 
properties may be affected. If viewed clinically, this may 
lead to failures such as difficulty in mixing the material, 
fractures, decementation, leakage, etc. In their daily 
practice, dentists may have some glass ionomers after 
the expiration date announced by the manufacturer, 
the question is should they discard these materials or 
can they continue to use them for a short period? The 
aim of this research was to evaluate the surface 
morphology, the energy dispersive X-ray microanalysis 
(EDX) and the Vickers microhardness of GICs with 
different expiration dates that were stored at room 
temperature. According to the literature search, this is 
the first investigation that analyzes and compares 
physical and chemical properties of GICs before their 
expiration versus expired. The null hypothesis was that 
there would be no differences in Vickers 
microhardness, chemical composition and surface 
morphology between the tested materials. 

MATERIAL AND METHOD 
 
 

The present study was carried out in the period 
between the months of August and September 2019. 
Autonomous University of San Luis Potosi Ethics 
Committee approved the research project grant CEIFE- 
052-019. Preparation and evaluation of the samples 
was based on the methodology of Munguía-Moreno et 
al. (2018). 

 
Sampler Preparation. GICs from the 3M company 
(packed in closed jars) of which, three highly viscous 
glass ionomer cement (HVGIC) (Ketac Cem) with 
different expiration dates; three HVGIC (Ketac molar) 
with different expiration dates and three resin-modified 
glass ionomer cement (RMGIC) (Vitrebond) too with 
different expiration dates, were used. According to their 
expiration date, the materials were divided into the 
following groups: current (CU), close to their expiration 
(CE) and expired (EX) (Table I). 10 specimens of each 
group were prepared for Vickers microhardness test 
and one for scanning electronic microscopy with EDX, 
measuring 5 mm in diameter and 2 mm length, the 
mixing of the materials was carried out following the 
powder-liquid ratios indicated by the manufacturer, using 
a paper block and a metal spatula, with the working time 
also suggested by the manufacturer, subsequently 
placing it in standard cylindrical teflon molds. Specimens 
were prepared between cellophane strips and glass slabs 
and light curing if needed with a LED.B (Woodpecker 
Medical Instrument Co., Ltd., Guilin, China). 

 
Vickers Microhardness Test. The specimens for the 
microhardness test were stored at 37 °C in distilled 
water for 24hr. Vickers hardness measurements were 
made with a standard microhardness tester (Micro 
Vickers Hardness Tester HV-1000 DongGuan Sinowon 

 
 

Table I. List of the tested materials and expiration date. 
 

Material Group Classification Expiration date 
(Year/month) 

Ketac Cem CU Highly viscous glass ionomer cement 2020/07 
Ketac Cem CE Highly viscous glass ionomer cement 2019/10 
Ketac Cem EX Highly viscous glass ionomer cement 2016/04 
Ketac Molar CU Highly viscous glass ionomer cement 2021/02 
Ketac Molar CE Highly viscous glass ionomer cement 2019/09 
Ketac Molar EX Highly viscous glass ionomer cement 2018/05 
Vitrebond CU Resin modified glass ionomer cement 2020/09 
Vitrebond CE Resin modified glass ionomer cement 2019/09 
Vitrebond EX Resin modified glass ionomer cement 2017/08 

CU: Current; CE: Close to their expiration; EX: Expired. 
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Precision Instrument Co., Ltd., South District, 
DongGuan, China). A diamond indenter was used with 
a load of 300 g for 15s. Each sample was submitted to 
three indentations located 200 mm far from each other, 
and the mean of the Vickers hardness number (VHN) 
was recorded. The diagonal length of the impressions 
was measured, and the VHN was calculated according 
to the standard formula H=1854P/d2. 

 
Scanning Electron Microscopy (SEM) and EDX 
microanalysis. For the surface morphology evaluation, 
the samples were viewed without dehydration and 
without gold coating under a scanning electron 
microscope (SEM) (JSM-6510, JEOL, Tokyo, Japan) 
at 10kV at x33, x100, x300 and x3000 of magnification. 
On the SEM, EDX was performance using Aztec 
Energy Analysis System & Software (Oxford 
Instruments plc, UK) for elemental microanalysis. The 
EDX spectrums were collected from the sample 
surface, and elemental analysis (atomic %) was 
performed. For each glass ionomer cement, EDX 
analysis was performed 10 times in different areas 
through a point analysis. 

 
Statistical Analysis. Statistical analysis was carried 
out using the program IBM SPSS statistics v. 22 with 
one-way analysis of variance (ANOVA). Tests of 
differences between study groups were analyzed using 
the Tukey-Kramer test, and a value of P<0.05 was 
considered statistically significant for, VHN and EDX 
elemental microanalysis. 

 
 

RESULTS 
 

Vickers Microhardness. Graphical descriptive 
statistics of VHN are shown in Figure 1. For all the 
GICs, the highest VHN value was found in the CU group 
and the lowest VHN value was found in the EX group, 
statistically significant difference was found in Ketac 

molar HVGIC and Vitrebond RMGIC (P>0.05). Multiple 
comparisons were made between the study groups of 
the GICs where a statistical difference was found (Ketac 
molar and Vitrebond). A statistically significant 
difference was found for Ketac molar between CU study 
group versus CE and EX study groups. For Vitrebond 
RMGIC, statistically significant difference was found 
between CU versus EX study group (Table II). 

 
Table II. Multiple comparisons of Vickers 
microhardness value between the study groups.   
    Groups Ketac Molar Vitrebond 
CU vs CE  .030*  .074 
CU vs EX .002** .001** 
CE vs EX .150 .292 

 
 

CU: Current; CE: Close to their expiration; EX: Expired. 
* Statistically significant differences with P<0.05. 

 
 

Fig. 1. Box and whisker plots and comparisons of Vickers 
microhardness value between the study groups of each GICs. 

 

 
Fig. 2. Scanning electron microscopy micrographs at 100x of the Ketac Cem specimens: (A) Current (CU); (B) Close to their 
expiration (CE); (C) Expired (EX). 
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Fig. 3. Scanning electron microscopy micrographs at 100x of the Ketac Molar specimens: (A) Current (CU); (B) Close to their 
expiration (CE); (C) Expired (EX). 

 
 

Fig. 4. Scanning electron microscopy micrographs at 100x of the Vitrebond specimens: (A) Current (CU); (B) Close to their 
expiration (CE); (C) Expired (EX). 

 
 

Table III. Multiple comparisons of Atomic percentages 
of elements between the study groups of each GICs. 

 
 

KETAC CEM 
Groups 

 
 

F Ca Al Si 
 

CU vs CE  .589  .578  .946  .165 
CU vs EX .013* .004* .001* .000* 
CE vs EX  .091 .005*  .212 .003* 

KETAC MOLAR 
F   Ca  Al  Si 

CU vs CE .000* .000* .000* .048* 
CU vs EX .000* .001* .000* .004* 
CE vs EX  .994  .960 .005* .021* 

VITREBOND 
F Ca  Al   Si 

CU vs CE  .198  -- .020* .000* 
CU vs EX .012* -- .000* .000* 
CE vs EX  .388 -- .200  .991 

 
 

CU: Current; CE: Close to their expiration; EX: Expired. * 
Statistically significant differences with P<0.05. 

 
 

SEM and EDX microanalysis. Figures 2 to 4 
shows SEM images of each of the GICs in their 
different study groups, which show very similar 
surface features. The relatively homogeneous and 

flat surface of glass ionomer is clearly observed with 
the presence of pores, microcracks and air voids in 
the surface. Only the Ketac cem sample expires, 
presented a higher number of pores compared to 
the other samples of the same material (Fig. 2-c). 

 
Figure 5 show graphical descriptive statistics 

of atomic percentages and comparisons of main 
constituents (elements) between the study groups 
of each GICs. Table III shows multiple comparisons 
of atomic percentages of elements between the 
study groups of each GICs. The main elements 
found in all the GICs were fluorine, aluminum and 
silica; calcium was observed only in the GIC Ketac 
Cem and Ketac Molar, all of them presented variation 
in their atomic percentage in the different study 
groups, with a statistically significant difference (P 
<0.05). Atomic percentages of element fluorine were 
higher than that of other elements in Ketac Cem and 
Ketac Molar GCIs and their study groups, in 
Vitrebond GIC, Atomic percentage of element Silica 
were higher than that of other elements. It was 
observed that the highest means in all the elements 
found in all GICs were presented in the CU group 
followed by the CE and finally the EX group. 
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Fig. 5. Box and whisker plots of atomic percentages and 
comparisons of main constituents (elements) between the 
study groups of each GICs. 

 
 

DISCUSSION 
 
 

In the present study, three types of glass 
ionomers were evaluated (two with high viscosity and 
one modified with resin), each of which had 3 different 

expiration dates. According to our literature search, this 
is the first investigation that analyzes and compares 
the microhardness and chemical composition of GICs 
before their expiration against expired. Brinell, 
Rockwell, Shore, Vickers and Knoop test methods can 
be used to measure the hardness of dental materials 
(Baloch et al., 2010). Although the Knoop’s method is 
most commonly used method, due to availability of 
equipment, the Vickers test method was used in this 
study, which was also used in other relevant studies 
(Shintome et al., 2009; Bala et al., 2012). 

 
The microhardness values of the all GICs 

studied close to their expiration (CE) and of the expired 
ones (EX) were lower than the current specimens (CU) 
with significant statistical difference in Ketac Molar and 
Vitrebond. It can be assumed that the GICs behavior 
as well as composite may be more affected by the 
organic fraction of the material. In fact, the fillers are 
relatively inert inorganic materials; however, the 
coupling agents are themselves prone to hydrolysis 
through ester linkage within the molecules or siloxane 
links that are formed with the filler particle (Santerre et 
al., 2001; Sabbagh et al.). As the filler surface degra- 
des, stress transfer will tear away the coupling agent 
from the filler surface, causing complete debonding 
(D´Alpino et al., 2016). The two high viscosity glass 
ionomer (HVGI) used in this study, had higher 
microhardness values compared to resin modified 
glass ionomer (RMGI), these results agree with those 
reported by Wang et al. (2007). 

 
Theoretically, HVGI are supposed to have a 

better mechanical behavior than RMGI used to liner/ 
base material, due to their lower percentage of 
monomers. Similar results were presented in another 
study where the microhardness of filled composite 
against flowable composites was evaluated (Sabbagh 
et al.). Other important factors that affect the longevity 
and the stability of RMGI are the photoinitiator, the 
stabilizers, and the polymerization inhibitors 
incorporated in the resin matrix. Any alteration of those 
components will affect negatively the polymerization 
of the material and thus its properties (Hondrum & 
Fernandez Jr., 1997). All the materials used in this study 
were stored outdoors with an average temperature 
between 20 and 35 oC. Fallo et al. (1996) studied the 
effects of uncontrolled outdoor storage on the 
polymerization, manipulation, and appearance of visi- 
ble light-cured composite resin and resin-modified glass 
ionomer materials. Results showed that polymerization 
of all materials tested was apparently unaffected to any 
significant clinical degree by outdoor storage at 
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temperatures ranging from 20°F to 112°F over 12 
months. Regarding the surface morphology of the GIC 
samples observed in SEM, the surface morphology 
characteristics found in the GICs were the typical ones 
previously reported for these materials (cohesive cracks) 
(Swift Jr. & Dogan, 1990; Lukomska-Szymanska et al., 
2016; Salinovic et al., 2019). These findings can be 
attributed to the composition of the GICs, which contain 
a very low filling load as occurs in other dental materials 
(Lukomska-Szymanska et al.), as well as dehydration 
of the specimens when analyzed in SEM, however, this 
procedure was not performed in the present study (Ngo 
et al., 1997; Zafar & Ahmed, 2015). 

 
No notable differences were found between the 

different study groups of the Ketac Molar and the 
Vitrebond, which may suppose that the proximity to the 
date of manufacture of GIC did not causes significant 
changes in the topography of the surface, however, in 
the sample of the Ketac cem expired, a greater number 
of pores could be observed compared to the samples in 
force and close to the expiration date, this data coinci- 
des with a lower value of microhardness. In this same 
study group compared to the other study groups, the 
observed data can be attributed to the fact that the 
expiration date could cause problems during the mixing 
of the material, causing a cement with less homogeneity 
and therefore more porous and less hard. Sidhu & 
Nicholson (2016) affirmed that the physical properties 
of glass-ionomer cements are influenced by how the 
cement is prepared, including its powder: liquid ratio, 
the concentration of the polyacid, the particle size of the 
glass powder and the age of the specimens. EDX is a 
reproducible, reliable, and precise technique to identify 
and quantify major components present in a material. 
Identification of constituents in materials leads to 
understanding of its various physical, biological, 
chemical, and mechanical properties. 

 
The elements detected in each of the different 

GICs were the same reported in previous studies (Gu et 
al., 2005; Goenka et al.; Sabbagh et al.). In the present 
study, it was found that all the elements present in the 
different GICs decreased their atomic percentage as their 
expiration date approached, which is directly related to 
the decrease in the microhardness value. It was possible 
to observe a clear difference between the amount of the 
Fluorine element found between the HVGICs and the 
RMGIC, coinciding with several authors, being able to 
suppose that when presenting higher fluorine content, a 
greater liberation of this element in these materials will 
also occur (Francci, 1999; Cedillo Valencia, 2010). The 
results of Domarecka et al. (2015) show that changes in 

the chemical composition of resin-based materials, 
negatively affect their mechanical properties, as occurred 
in the present investigation. The results of this study 
suggest that the expiration date influences the chemical 
composition (atomic %) and the microhardness value of 
high-viscosity and resin-modified glass ionomers, without 
affecting its surface morphology. Thus, the null 
hypothesis that there was no difference in the Vickers 
microhardness and chemical composition between the 
tested materials was accepted, the null hypothesis for 
surface morphology was rejected. Sabbagh et al. states 
that storing resin composites in a refrigerator helps to 
preserve their degradation, therefore, it is to be assumed 
that if the materials used here had been kept in 
refrigeration, the results would probably have been 
different. Other properties having clinical implication such 
as working time, consistency, and effect of ambient light 
should be investigated for a better understanding of the 
expiration date effect on GICs. 

 
In conclusion, with the limitations of this study (in 

vitro study and lack of sealing of the jars containing the 
GICs), results reveal that highly viscous and resin- 
modified glass ionomers cements with an expiration date 
expired and that were stored at room temperature, suffer 
significant physical and chemical changes which could 
put doubts its clinical effectiveness. Currently, 
manufacturers do not specify measures to follow to 
extend or preserve the useful life of a GCI. Therefore, 
storage stability should be prioritized more. 
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RESUMEN: El cemento de ionómero de vidrio (CIV) 

es un nombre genérico que se le da a un grupo de materiales 
ampliamente utilizados en odontología clínica que si se usan 
después de la fecha de vencimiento especificada, las propie- 
dades del material pueden verse afectadas. evaluar la 
microdureza Vickers, la morfología superficial y el microanálisis 
de energía dispersa de rayos X (EDX), de CIV con diferentes 
fechas de caducidad almacenados a temperatura ambiente. 
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Muestras de cemento de ionómero de vidrio de alta viscosi- 
dad (CIVAV) (Ketac Cem y Ketac Molar) y cemento de ionómero 
de vidrio modificado con resina (CIVMR) (Vitrebond) con dife- 
rentes fechas de vencimiento (vigente, próximo a su venci- 
miento y vencido) de 5 x 2 mm, fueron preparadas para 
microscopía electrónica de barrido (MEB) con EDX y 
microdureza Vickers, según las instrucciones del fabricante, 
en moldes de teflón cilíndricos estándar. Para la compara- 
ción de los valores obtenidos se utilizó la prueba ANOVA, 
mientras que para las comparaciones múltiples se utilizó la 
prueba de Tukey. En todos los CIV utilizados, la microdureza 
disminuyó a medida que se acercaba la fecha de vencimien- 
to, encontrándose una diferencia estadística significativa (P 
<0.05) en Ketac Molar y Vitrebond. El análisis de la muestra 
en MEB reveló grietas cohesivas similares en todos los ma- 
teriales probados. El análisis EDX reveló la presencia de los 
elementos F, Al y Si en todos los GIC y Ca solo en Ketac 
Molar y Ketac Cem. Los elementos se encontraron en mayor 
porcentaje atómico en los GIC con fecha vigente y en menor 
porcentaje en aquellos con una fecha vencida. Los CIVAV y 
CIVMR con fecha de caducidad vencida y que fueron alma- 
cenados a temperatura ambiente, sufrieron cambios físicos 
y químicos importantes, lo que podría poner en duda su efec- 
tividad clínica. 

 
PALABRAS CLAVE: cementos de ionómero de vi- 

drio, fecha de caducidad, propiedades mecánicas y quí- 
micas, microdureza Vickers, microscopía electrónica de 
barrido, microanálisis de energía dispersa de rayos X. 
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