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ABSTRACT 

INTRODUCTION: Propolis is a natural product collected by bees. Contemporary dentistry has recently focused on it, due to its antimicrobial 
properties.  
OBJECTIVES: To evaluate and compare the microleakage and microhardness of GIC containing EEP at 2 different concentrations to the 
conventional GIC. 
MATERIALS AND METHODS: Two tests were assessed 1. Microleakage test :where 24 exfoliated primary teeth were divided randomly into 
three groups according to the restorative material used after standardized class V cavity preparation: (Group1: Conventional GIC, Group2: GIC 
containing 25% EEP, and Group 3: GIC containing 50% EEP), teeth were immersed in 2% methylene blue solution for 24 hours, sectioned and 
examined under stereomicroscope. 2. Microhardness test: 8 specimens from each group (GIC, GIC 25% EEP, and GIC 50% EEP) were prepared 
using a mold of six mm in diameter and two mm in thickness. The hardness of the specimens was measured using Vickers Micro-hardness Tester.  
RESULTS: There was no statistically significant difference in the microleakage scores between the three groups (p=0.34).The Microhardness 
values of the present study showed that GIC with 25% EEP showed significantly higher values than both the conventional GIC and GIC with 50% 
EEP (p<0.0001). There was no significant difference in the microhardness between the conventional GIC or GIC with 50% EEP (p>0.05)  
CONCLUSION: The addition of EEP to GIC in either (25%, 50%) did not affect the microleakage of GIC. Addition of 25% EEP increased the 
microhardness of the GIC while the addition of 50% EEP did not affect the microhardness of GIC.  
KEYWORDS: Ethanolic Extract of propolis, glass ionomer cement, Streptococcus mutants, microleakage, microhardness. 
RUNNING TITLE: The effect of propolis on Microleakage and Microhardness of GIC. 
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INTRODUCTION 
Dental caries in general and early childhood caries in 
particular is a major concern to the pediatric dentist. New 
methods in caries prevention are based on understanding the 
effect of antibacterial agents that can reduce the worldwide 
caries incidence (1). Recently, the direction toward natural 
products for medicinal purposes have gained much attention, 
as these natural products has proved to be effective with less 
toxic side effects, and thus can be used as an alternative 
source of treatment (2). Propolis is a natural gummy 
substance produced by honeybees as a result of the salivary 
enzymatic reaction of the bees on the plant exudates, it has 
been used widely in traditional medicine since ages ago 
mainly due to its high antioxidant properties (3).Studies have 
also shown other important properties in propolis such as 
antibacterial, antifungal, antiviral, anti-inflammatory, 
anesthetic, and ability to promote healing (1,4,5). 
 

  
 The antibacterial activity of propolis on the oral 
microorganisms was proved by many studies (6) and now 
there are many oral products containing propolis in the form 
of toothpaste and mouth rinses. Bhuvnesh et al (7) assessed  
the antibacterial activity of Ethanolic and Water extract of 
propolis in two concentrations 5% and 20% in vitro. They  
found that the concentrations of 5% and 20% of EEP were 
effective against Streptococcus mutants and Lactic 
acidophilus, While the Water extract of 5% and 20% of 
propolis was effective only against Lactic acidophilus.  
Since Glass ionomer cement has shown a variable 
antimicrobial activity in many studies in the literature (8-
10),therefore  to accentuate its  antimicrobial effect the addition 
of other antimicrobial agents as Propolis was a point of the 
investigation by many studies. Nursen et al (12) concluded 
that GIC with 25% and 50% EEP showed anti-caries 
potential, as evident by reducing the incidence of caries and 
dental plaque accumulation in vivo, they explained their 
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findings by two mechanisms associated with propolis 
properties:(i) antimicrobial activity against cariogenic 
bacteria ( Streptococcus mutants and Streptococcus sobrinus) 
and (ii) inhibition of glucosyltransferase enzymes (GTFs) 
activity (13,14).  
Other studies evaluated the effect of adding EEP on the 
mechanical properties of GIC. Altunsoy et al (11) showed 
that the microhardness of GIC containing 25% of EEP 
increased more than GIC and also adding 50% of EEP to GIC 
increased the hardness of GIC more than adding 25% EEP. 
The addition of (25%, 50%) EEP to GIC did not affect the 
microleakage.  
Despite the previous efforts, the effect of Propolis on the 
physical properties of GIC is still not fully documented. 
Further studies are still needed to clarify the effect of GIC 
containing Propolis focusing on the physical properties of the 
restored teeth. Therefore, this study was planned to evaluate 
the physical/ mechanical properties of GIC containing 
Egyptian EEP that might affect the clinical performance of 
the restored teeth. 
The null hypothesis of the current research claims that the 
addition of 2 different concentrations of Propolis (25 or 50%) 
will not change the Microleakage and Microhardness of GIC. 
 
MATERIALS AND METHODS 
This experimental in-vitro study was conducted at the 
Pediatric Dentistry and Dental Public Health Department, and 
Dental Biomaterials Department after obtaining the approval 
of the research ethics committee (IORG008839), Faculty of 
Dentistry, Alexandria University. The study included two 
tests: I. Micro-leakage Test, II. Micro-hardness test. 
Sample size calculation: The minimal sample size was 
calculated based on a previous study aimed to evaluate the 
effect of ethanolic extracts of propolis (EEP) using different 
proportions on microleakage and microhardness of GIC (13). 
By adopting a power of 80% to detect a standardized effect 
size in microhardness d=0.65 (medium-sized standardized 
effect size), and level of significance 95% (α=0.05), the 
minimum required sample size was found to be 8 specimens 
per group (number of groups=3) (sample size=8x3=24 
specimens) for micro hardness  and 24 specimens for 
microleakage (Total sample size=48specimens) (15). The 
sample size does not need to be increased to control attrition 
(withdrawal) bias (16). The sample size was calculated using 
GPower version 3.1.9.2 (17).  
Preparation of Propolis (EEP) (18): Ten grams of propolis 
(propolis powder Imtenan) was dissolved into 20 ml of 
Ethanol (70%W/V) forming the 50% EEP. The filtering of 
the extract was done to remove rough particles. For preparing 
GIC with 50% EEP powder and the liquid ratio were done 
according to manufacturer instruction 1:1 then 50% of the 
liquid was replaced by the prepared EEP. For preparing GIC 
with 25% EEP same procedure was done but only 25% of the 
GIC liquid was replaced by EEP (12,18). This preparation 
was done in the Faculty of Pharmacy Pharos University. 
Criteria of teeth selection  
The posterior primary teeth were selected according to the 
following criteria: 

 
 

1- Shed primary teeth. 
2- No caries or previous filling or cracks. 
3- No developmental anomalies 
I-Microleakage Test 
Sample selection: Fifty primary shed teeth were collected 
from Pediatric Dentistry clinics in public hospitals, Alexandria 
University, and private dental clinics. Teeth were hand scaled, 
cleaned using pumice with a rubber cup on low-speed 
handpiece then washed with water and stored in normal 
saline. The teeth were then carefully examined to discard 
those with any visible anatomical defects, cracks, or carious 
lesions (15). Twenty-four exfoliated primary teeth were 
selected that met the inclusion criteria (19,20).  
Cavity preparation: Class V cavities (1.5mm depth) were 
prepared on the buccal surfaces of the teeth 1mm above the 
cementoenamel junction. Cavity standardization to have 
uniform dimensions, a window was cut in a stainless-steel 
band with the desired dimension of the cavity width and 
length (4mm wide x 2mm high) (21). A high-speed #330 
carbide bur (Komet, Germany) underwater coolant was used 
to prepare the desired cavity. The depth of the cavity was 
adjusted to 1.5mm. All Cavosurface angles were kept at right 
angles with no bevels. Then the cavity was rinsed with water 
for 10 seconds and gently air-dried for 5 seconds (19).  
Sample grouping: The teeth were randomly assigned to 3 
main groups (n=8/each) according to the composition of the 
restorative material. Group1: high strength posterior 
restorative Glass ionomer cement (GIC) (Fuji IX GC 
Corporation Tokyo, Japan) Group 2: GIC containing 25% of 
EEP, Group 3: GIC containing 50% of EEP.  
Procedure: All teeth were thermo-cycled for 500 cycles 
from 5 °C to 55 °C with 30 s dwell time, 20 s transfer time, 
corresponding to 6 months clinical use. Two layers of nail 
varnish were then applied over the teeth/ acrylic blocks 
leaving only 1 mm free around the tooth restoration border. 
The teeth were then immersed in 1% methylene blue dye 
solution (pH=7) at 37ºC for 24 hours and stored in the 
incubator (BST 5020, VEB MLW Dental Fabrik, Leipzig, 
Germany 1990), to allow diffusion of the dye into the gaps 
between the tooth and the restorative material. Teeth were 
then washed under tap water and sectioned buccolingual with 
low-speed water-cooled diamond saw. The sixteen specimens 
of each group were examined using a stereomicroscope 
(SZ1145TR, Olympus, Japan) at 20X magnification. An 
image of every section was captured using a video camera 
connected to the computer. Each section was examined for 
the presence of dye at all interfaces of the tooth. A 
microleakage score on the captured image was given by a 
single examiner who was blinded to the treatment and who 
was trained to the following scoring system: 0- No dye 
penetration, 1-Dye penetration through the cavity margin 
reaching the enamel tissue, 2-Dye penetration through the 
cavity margin reaching the dentine tissue, 3-Dye penetration 
through the cavity margin reaching the cavity floor portions (22).  
II- Microhardness test: Eight discs shaped specimens from 
each material where group 1:GIC, group 2: GIC containing 
25% EEP,group3: GIC containing 50% EEP, were prepared 
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using a mold of six mm in diameter and two mm in thickness. 
After a complete setting reaction, the surfaces were covered 
by varnish, and all Specimens were stored in a humid 
environment at 37°C for 24 hours. The hardness of the 
specimens was measured using Vickers Microhardness Tester 
(402 MVD, Wolpert-Willison Instruments, Germany) with a 
Vickers diamond indenter and a 20x objective lens (11). A 
load of 300g was applied to the surface of each specimen for 
15 seconds, at least three indentations 200μm apart were 
done on each specimen. The diagonal length of the 
impressions was measured and hardness value (HV) was 
calculated according to the standard formula H=1.854p/d2 (11). 
Statistical analysis 
Normality was checked for Microhardness using the Shapiro-
Wilk test. Variables were presented using Mean (SD) and 
95% Confidence interval while the Microleakage score was 
presented using percentages. One Way ANOVA was applied 
to compare the three groups regarding microhardness, 
followed by the Tukey post hoc test. Chi- Square test was 
used to assess differences concerning Microleakage. 
Statistically, the significant level was set at p-value ≤0.05. 
Data were analyzed using IBM SPSS software package 
version 23.0 (Armonk, NY: IBM Corp)  
 
RESULTS 
The results of the present study showed that there were no 
statistically significant differences in the microleakage scores 
among any of the test groups GIC, GIC with 25% EEP, and 
GIC with 50% EEP (p=0.34). (Table 1, Figure1-4) 

The Microhardness values of the present study showed that 
GIC with 25% EEP (92.64 ± 11.20) showed significantly 
higher scores than GIC (50.60 ± 13.86), and GIC with 50% 
EEP (47.08 ± 8.00) p<0.0001*. There was no significant 
difference in the microhardness scores between GIC and GIC 
with 50% EEP. (Table 2, figure 5) 
 
 
Table 1: Distribution of Microleakage scores among the 
study groups using Chi-Square test 

Microleakage scores Conventional 
GIC  

(n=16) 

GIC with 
25% EEP 

(n=16) 

GIC with 
50% EEP 

(n=16) 
n (%) 

Score 0 4 (25%) 7 (43.8%) 5 (31.2%) 
Score 1 2 (12.5%) 2 (12.5%) 6 (37.5%) 
Score 2 4 (25%) 2 (12.5) 3 (18.8%) 
Score 3 6 (37.5%) 5 (31.2%) 2 (12.5%) 

P value 0.34 

Figure 1: Distribution of Microleakage scores among the 
study groups. 

 
Figure 2: Microleakage Scores in GIC Group: a. score 0- No 
dye penetration, b. score 1-Dye penetration through the 
cavity margin reaching the enamel tissue, c. score 2-Dye 
penetration through the cavity margin reaching the dentine 
tissue, d. score 3-Dye penetration reaching the cavity floor 
portions 
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Figure 3: Microleakage Score in GIC with 25% EEP Group: a. 
score 0- No dye penetration, b. score 1-Dye penetration through the 
cavity margin reaching the enamel tissue, c. score 2-Dye penetration 
through the cavity margin reaching the dentine tissue, d. score 3-
Dye penetration reaching the cavity floor portions. 

 
Figure 4: Microleakage Score in GIC with 50% EEP Group: a. 
score 0- No dye penetration, b. score 1-Dye penetration through the 
cavity margin reaching the enamel tissue, c. score 2-Dye penetration 
through the cavity margin reaching the dentine tissue, d. score 3-
Dye penetration reaching the cavity floor portions 

 

 

 

 

Table 2: Comparison of microhardness among the study 
groups using post hoc test 

 Conventional GIC  
(n=8) 

GIC with  
25% EEP (n=8) 

GIC with  
50% EEP(n=8) 

Mean (SD) 50.60 (13.86) 92.64 (11.20) 47.08 (8.00) 

95% CI 39.01 , 62.19 83.28 , 102.00 40.38 , 53.77 
P value <0.0001* 

 
 Figure 5: Mean and standard deviation of microhardness among 
the study groups. 
 
DISCUSSION 
Propolis has gained attention in the field of dentistry due to 
its antimicrobial effect especially on streptococcus mutant. 
Incorporation of propolis to GIC was done to benefit from the 
antimicrobial action of the propolis which would be of great 
importance especially in high- risk patients. However, 
studying the effect of propolis on the physical and 
mechanical properties GIC needs more investigation to 
exclude the possibility of lowering its strength or affecting its 
tooth bonding that would decrease the survival rate of the 
restoration and ultimately lead to failure. Therefore, this 
study aimed to evaluate the microhardness and microleakage 
of GIC containing Egyptian EEP at two concentrations 25% 
and 50% compared to conventional GIC.  
In the present study two concentrations of propolis (25% & 
50%) were tested as in the literature review there was contra 
varsity between the effect of these two concentrations on GIC 
properties (23). The microleakage test was performed after all 
teeth were thermo-cycled for 500 cycles from 5 °C to 55 °C 
with 30 s dwell time, 20 s transfer time, as this would 
correspond to six months clinical use and therefore would 
give more practical results on the intraoral performance of the 
restoration (24). Dye penetration test was used in this study 
as it is well known that materials with higher adhesion 
presents less microleakage scores, and thus better clinical 
performance (24). 
The results of the present study showed that there was no 
significant difference between the microleakage scores of the 
GIC, GIC with 25% EEP or GIC with 50% EEP, indicating 
that the adhesion of GIC was not weakened by adding 
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propolis at different concentrations. These findings were 
following Erdem et al (13) who showed that EEP addition to 
GIC did not affect the shear bond strength of GIC, also 
Altunsoy et al (11) concluded that 25% and %50% of EEP did 
not affect GIC microleakage results. 
The Microhardness values of the present study showed that 
GIC with 25% EEP had significantly higher values than GIC, 
this might be due to the phenolic compounds present in EEP 
molecule resulting in the highly active material. A chelation 
reaction occurs between the phenolic part of EEP and GIC 
leading to a crosslinking process where more amount of acid 
reacts with the powder giving a more complex material with 
increased density and fewer voids (11).  
Although these findings were in accordance to Altunsoy et al 
(11), however in this study the GIC with 50% EEP showed 
significantly lower microhardness results than the GIC with 
25% EEP this was inconsistent to their findings where the 
GIC with 50% EEP showed significant higher microhardness 
than GIC with 25% EEP. The difference in results between 
the two concentrations in the present study may be attributed 
to the higher water sorption of GIC with 50% EEP than 25% 
EEP as proved by Troca VB, et al (23). The higher water 
sorption decreased the physical properties of GIC and 
ultimately gave lower microhardness results.  
The physical performance of GIC with EEP (regarding the 
microhardness) in this study was inconsistent with 
Subramaniam et al (3) who found that by adding propolis to 
GIC, the solubility of the material significantly increased and 
the physical property significantly decreased in a period of 
seven days. They attributed their findings to the greater water 
sorption in GIC with EEP as proved by Troca VB, et al (23). 
In the present study, the GIC used was the new high strength 
posterior restorative material which differs in its physical 
property than the GIC. Since it contains higher filler particles 
that elicited higher translucency and higher reactivity of the 
material giving it more density and fewer voids, and thus 
although water sorption occurred, this did not decrease the 
physical property of the material. It can be assumed that 
different types of GIC might give different results after 
adding EEP depending mainly on the strength of the GIC used. 
Finally, it has to be noted that since adhesion of any 
restoration is mainly determined by shear bond strength and 
microleakage, therefore from the limitation of the present 
study was the absence of the shear bond strength test as it 
would have definitely high-lighted the effect of adding EEP 
on GIC adhesion in a more affirmative way. 
The null hypothesis of this study was accepted in the 
microleakage test as there was no significant difference 
between the three test groups. However, the null hypothesis 
was rejected in the microhardness test as there was significant 
difference between the test groups.  
 
CONCLUSION 
Based on the findings of this study it was concluded that: 
1. Adding propolis to GIC either as 25% or 50% did not 

affect the microleakage of the restoration. 

2.  The Microhardness of GIC was significantly increased by 
adding 25% EEP but on the contrary, adding 50% of EEP 
to GIC did not increase the microhardness results. 

RECOMMENDATIONS 
  More studies are needed to examine other physical 
properties of GIC containing propolis “EEP” before its 
clinical application. 
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