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Introduction: This study aimed to investigate the effect of adding 10-MDP monomer to res-
in-modified glass ionomer on its compressive strength and microhardness.

Materials and Methods: In this experimental study, an acetonic stock solution of 10-MDP 
was diluted with RMGI liquid to achieve final 10 MDP concentrations of 0%, 5%, 10%, and 15% 
(w/v). According to ISO 9917-1, compressive strength was evaluated on cylindrical samples with 
4*6 mm dimensions (n = 7) by a universal testing machine with a crosshead speed of 1mm/min and 
a force of 5KN. For hardness measurement, cylindrical samples with dimensions of (2 * 4mm) were 
prepared for each group (n = 7), and the Vickers hardness test was performed. Data were analyzed 
by one-way ANOVA, and Tukey’s test (α = 0.05).

Results: There was no significant difference between the groups in terms of compressive 
strength. The hardness in the RMGI + 10% 10-MDP group was significantly higher than all the 
studied groups and the control group has a significantly higher average hardness than the RMGI 
+ 15% 10-MDP group.

Conclusion: The addition of 10% (w/v) of 10-MDP to the resin-modified glass ionomer signifi-
cantly improves its hardness, without affecting its compressive strength. 

Keywords: Resin modified glass ionomer; 10-MDP monomer; Compressive strength; micro-
hardness.
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Introduction

Glass ionomers (GI) have many uses in den-
tistry, such as dental cements, luting agents, 
liners, pit and fissure sealants, restorative ma-

terials, bases, and build-up materials. Due to the lower 
mechanical properties and color matching than resin 
composites, they are not considered the first choice for 
restorative treatments; However, their popularity is in-
creasing due to less technical sensitivity and easier use 
[1]. In 1989, resin-modified glass ionomer (RMGI), a 
hybrid of glass ionomer and composite resin [2], was 
developed to overcome the disadvantages of conven-
tional glass ionomer. In addition to the desirable prop-
erties of conventional glass ionomers, such as the abili-
ty to chemically bond to the tooth structure and release 
fluoride, these materials are less sensitive to moisture 
[3], they harden quickly, they have a longer working 
time, they have improved appearance and translucency, 
and their initial strength is relatively higher than nor-
mal glass ionomer [4]. Despite all these improvements 
in the properties of RMGI, their bond strength to den-
tal tissue is low and in the range of 2 to 6 MPa.

Nowadays, functional monomers created a rev-
olution in adhesive technology and Various studies 
indicate an improvement in bonding performance. 
Functional monomers are etching monomers that can 
react with hydroxyapatite and induce adhesion [5,6]. 
Yoshida et al. compared the performance of 10-MDP, 
4-MET, and Phenyl_P functional monomers with syn-
thetic hydroxyapatite. they concluded that 10-MDP re-
acted with hydroxyapatite and induced a more stable 
bond than the others [5]. Fukegawa et al. with PCP-
MAS-NMR spectroscopy and X-RAY diffraction anal-
ysis showed that the chemical reaction of MDP with 
hydroxyapatite is caused by the surface dissolution of 
hydroxyapatite by 10-MDP and adsorption to Ca2+ 
sites in hydroxyapatite and reaction with PO43- groups 
by replacing 0H- or PO43- in the hydroxyapatite net-
work. Phosphoric organic polymers were added to the 
surface of HAP by co-precipitation so that the hydroxyl 
groups of HAP are replaced by phosphoric acid esters 
and a connection between organic-mineral compo-
nents is formed [7]. The low dissolution rate of MDP 
calcium salt has led to its favorable properties among 
other functional monomers [5]. Efforts have been done 
to improve the physicomechanical properties of RMGI 
by manipulating its contents. In 2021, Sharafeddin 
et al investigated the effect of the addition of micro 
hydroxyapatite and chitosan on the mechanical and 
surface properties of GI and RMGI. Although add-
ing Chitosan to GI and RMGI decreased the surface 

roughness and did not have a negative effect on their 
microhardness, adding micro hydroxyapatite caused a 
decrease in microhardness [8]. According to the previ-
ous study done by these authors, as the addition of 10-
MDP monomer improve the bond strength of RMGI, 
if also it can increase the RMGI mechanical proper-
ties, it can be used as a routine component RMGI to 
improve its properties. This study aims to evaluate the 
mechanical properties of glass ionomer after the ad-
dition of 10-MDP monomer and the null hypothesis 
of the study was that the addition of 10-MDP didn’t 
affect 1: the compressive strength, 2: microhardness of 
Resin-modified glass ionomer.

Materials and Methods

Ethical Approval

The protocol of this in vitro study was approved by the 
Mashhad University of Medical Sciences ethics com-
mittee (IR.MUMS.DENTISTRY.REC.1399.061).

Sample collection and preparation 

A stock solution of 10-MDP was prepared by dissolv-
ing 0.25 g of 10 MDP powder in 0.5 mL of acetone, 
yielding a concentration of 500 mg/mL. This stock was 
then diluted with the RMGI liquid to achieve final 
nominal 10 MDP concentrations of 0, 50, 100, and 150 
mg/mL (corresponding to 0%, 5%, 10%, and 15% w/v, 
respectively). The final liquid volume in all groups was 
adjusted to 1.00 mL. The required volume of stock solu-
tion (V₁) was calculated using C₁V₁ = C₂V₂, where C₁ 
= 500 mg/mL and C₂ is the desired final concentration. 
For example, for the 10% group (C₂ = 100 mg/mL): V₁ 
= (100×1)/500 = 0.20 mL. The remaining volume to 
reach 1.00 mL was completed with pure RMGI liquid. 
The nominal acetone concentrations in the final mix-
tures were 0%, 10%, 20%, and 30% (v/v) for the 0%, 
5%, 10%, and 15% groups, respectively, as calculated 
from the added stock volume (Table 1). To prepare the 
test specimens, cylindrical samples (dimensions: 4 * 6 
mm) were fabricated from each experimental RMGI 
formulation using a split balsawood mold. A total of 
28 specimens (n = 7 per group) were prepared. Based 
on the concentration of the 10-MDP, the groups were 
as follows:

Group 1: RMGI + 5% volume of 10-MDP monomer to 
the glass ionomer liquid.

Group 2: RMGI + 10% volume of 10-MDP monomer 
to the glass ionomer liquid.

Group 3: RMGI + 15% volume of 10-MDP monomer 
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to the glass ionomer liquid.

Group 4: RMGI standard (Fuji II LC GC Inc., Tokyo, 
Japan). (control group).

Compressive strength test:

The compressive strength was determined based on 
ISO 9917-1 for the tested materials. The prepared liq-
uid was mixed with the powder in a proportion of 2/1 
according to the manufacturer’s instructions. the tested 
materials were placed in a cylindrical mold made of 
balsawood with an inner diameter of four millimeters 
and height of six millimeters (n = 7) and cured from 
the occlusal surface for 20 seconds by Bluephase light 
cure device (Ivoclarvivadent. Schaan, Liechtenstein) at 
an intensity of 1200 mw/cm2 (Figure 1,A). Both sides 
of the molds were covered with a glass plate to obtain 
a smooth surface. Then the samples were kept for 24 
hours in an incubator at 37°C and 100% humidity. Af-
ter that, the molds were cut by a scalpel blade and 
the samples were removed and dried using absorbent 
paper and checked for any bubbles, holes, or defects. 
The compressive strength was measured by a universal 
testing machine with a crosshead speed of 1 mm/min 
and a force of 5 KN until the first crack in the material 
was observed. 

Hardness test

The microhardness was determined based on ISO 
9917-1 for the tested materials. The prepared liquid 
was mixed with the powder in a proportion of 2/1 ac-
cording to the manufacturer’s instructions. the tested 
materials were placed in a cylindrical mold made of 
balsa wood with an inner diameter of four millimeters 
and a height of two millimeters (n = 7) (Figure 1,B). 
The samples were polished using 600 and 1200-grit sil-
icon carbide paper with cold water. Then the hardness 
of the samples was measured with the Vickers micro-
hardness tester (MicroHardness tester MPG, Koppa, 
Iran) under a pressure of 50 gr for 15 sec.

Statistical Analysis 

The Shapiro-Wilk test was used to determine the 
normal distribution of data. One-way analysis of vari-
ance as well as the Tukey test were used to analyze the 
data obtained from compressive strength and micro-
hardness. The significance level was set to 0.05. 

Results

This study investigated the effect of adding 10-
MDP monomer to RMGI on its compressive strength 
and microhardness. The Shapiro-Wilk test showed that 

the data distribution was normal in all groups of both 
compressive strength and microhardness tests (respec-
tively p = 0.843 and p = 0.426). According to Table 
2 the highest compressive strength was related to the 
RMGI + 5% 10-MDP with an average of 152.28, and 
the lowest compressive strength was related to the 
control group with an average of 116.05. It should be 
noted that the one-way variance test did not show any 
significant difference between the studied groups (P > 
0.05). According to Table 3, the highest hardness was 
related to the group RMGI + 10% 10MDP with an 
average of 111.08, and the lowest hardness coefficient 
was related to the group RMGI + 15% 10MDP with 
an average of 58.94. The one-way variance showed that 
there was a significant difference between the inves-
tigated groups in terms of microhardness (p < 0.001) 
and Tukey’s post hoc test showed a significant differ-
ence between all groups. The microhardness of the 
RMGI + 10% 10MDP was significantly higher than all 
the study groups (p < 0.001), and the microhardness 
of the 15% 10-MDP monomer group was significantly 
lower than the control and also all experimental groups 
(p < 0.001).

Figure 1. The molds used for testing A: compressive 
strength, B: microhardness.

A

B
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Discussion

This study investigated the effect of adding three dif-
ferent concentrations of 10-MDP monomer (0%, 5%, 
10%, and 15%) on the compressive strength and mi-
crohardness of resin-modified glass ionomer. The re-
sults of this study showed that although the addition of 
each concentration of 10MDP to RMGI has no effect 
on its compressive strength (which is in line with our 
first hypothesis), the microhardness in the group with 
RMGI+ 10% 10-MDP was significantly higher than all 
other groups, and the microhardness in the RMGI+ 
15% 10-MDP group was significantly lower than all 
other groups and rejected the second hypothesis. The 
reduced hardness observed in the RMGI sample con-
taining 15% 10-MDP compared to the 5% and 10% 
groups can be attributed to the disruption of the mate-
rial’s polymerization and acid-base reaction processes. 
While the addition of 10-MDP is intended to enhance 
the adhesive and mechanical properties by promoting 
chemical bonding, an excessive concentration may in-

terfere with the optimal cross-linking density within 
the resin matrix. This imbalance can lead to incomplete 
polymerization, resulting in a less rigid network and 
consequently lower surface hardness. Similar findings 
have been reported in studies investigating the influ-
ence of monomer concentration on resin-modified 
glass ionomer cements, where excessive monomer con-
tent adversely affected mechanical performance due to 
compromised polymer network formation [9]. There-
fore, maintaining an optimal 10-MDP concentration 
seems to be critical to achieving the desired balance be-
tween chemical adhesion and mechanical strength.  10-
MDP is a polar molecule and requires a polar solvent 
to dissolve the molecule and create a soluble primer. 
The most common solvents used in primers and adhe-
sives are water, ethanol, and acetone, which are bio-
logically safe. Therefore, in this study, we used acetone 
solvent to create a solution of 10-MDP to facilitate the 
spreading process of monomer in RMGI and then on 
the tooth surface. Although acetone was present in the 

Table 1. Composition of liquid phase for experimental groups: volumes of 10‑MDP stock (500 mg/mL in acetone) 
and RMGI liquid used to prepare final 10‑MDP concentrations (0–15% w/v) and nominal acetone concentrations 
(0–30% v/v).

Group Target final 10-
MDP concentra-

tion

10-MDP stock 
solution

RMGI liquid Final liquid 
volume

Nominal acetone 
concentration

Control (0%) 0% 0.00 mL 1.00 mL 1.00 mL 0%

5% 10-MDP 5% (50 mg/mL) 0.10 mL 0.90 mL 1.00 mL 10% v/v

10% 10-MDP 10% (100 mg/
mL)

0.20 mL 0.80 mL 1.00 mL 20% v/v

15% 10-MDP 15% (150 mg/
mL)

0.30 mL 0.70 mL 1.00 mL 30% v/v

Table 2. The mean and standard deviation of compressive strength MPa of the studied groups.

Group Max Min SD Mean N

RMGI 141.16 82.99 18.43 116.05 7

RMGI +  5% 10MDP 209.58 106.59 37.50 152.28 7

RMGI + 10% 10MDP 172.31 98.12 33.72 139.72 7

RMGI + 15% 10MDP 181.58 107.52 29.40 142.95 7

Table 3. The mean and standard deviation of Hardness (VHN) of the studied groups.

Group Max Min SD Mean N

RMGI 85.40 67.07 6.39 78.76 7

RMGI + 5% 10MDP 110 87.5 7.3 97.44 7

RMGI + 10% 10MDP 122.60 102.73 6.63 111.08 7

RMGI + 15% 10MDP 69.47 47.34 8.47 58.94 7
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stock solution, its final nominal concentration ranged 
from 10% to 30% v/v across groups. To minimize its 
effect, all specimens were allowed to set at room tem-
perature for 10 minutes before testing, and all groups 
were compared against the control (0% acetone). Many 
studies have shown that adding functional monomers 
to adhesive materials can improve bonding properties. 
The idea of combining functional monomers and glass 
ionomer in bonding has been evaluated and their fa-
vorable results have been proven. Scotchbond universal 
and Adper™ Easy Bond Self-Etch are universal bond-
ing with a glass ionomer base, in which the functional 
monomer, 10-MDP, and methacryloxyhexyl phosphate 
(MHP) are used respectively. Functional monomers 
are rapidly progressing and developing, 4-MET, Pheny 
P, MHP, etc. can be mentioned among their types, but 
the 10-MDP monomer is at the top and has more fa-
vorable properties than the others. Yoshihara et al stat-
ed that because 10-MDP has a longer carbon branch 
than other types, especially MHP, therefore, in addition 
to a relatively strong etching effect, it creates more sta-
ble calcium-monomer or nanolayer salts [10].

This study has been carried out in continuation of 
the previous study [11] which showed that the addi-
tion of 10% (w/v) of 10-MDP to the resin-modified 
glass ionomer significantly improves its dentin bond 
strength with a bit reduction in its fluoride release ca-
pacity. So in this study mechanical properties (which 
are essentials for water-based cement according to ISO-
9917) of these materials were evaluated. The mechan-
ical properties of glass ionomers are influenced by the 
matrix polymer along with unreacted glasses, which is 
referred to as the reinforcement phase. Decreasing the 
ratio of powder to liquid can lead to an increase in the 
acid reaction and thus reduce the remaining glass. In 
studies, it has been said that a ratio greater than 1.83 
is necessary to achieve a compressive strength of 100 
MPa. However, if this ratio reaches 3:1, it has a negative 
effect on the mechanical properties of glass ionomers. 
which leads to the reduction of acid-base neutralization 
and finally includes the reduction of polymerization 
[12]. The next issue that affects the mechanical prop-
erties of glass ionomers is particle size. Studies have 
shown that if macro granular particles are replaced by 
nanogranular ones, the mechanical properties of glass 
ionomers increase due to the increase in the reactive 
surface of the particles [13]. Sharafeddin et al investi-
gated the effect of adding different volume percentages 
of micro hydroxyapatite on the hardness of RMGI. In 
this study, it was seen that the addition of 5% by vol-
ume of micro hydroxyapatite leads to a significant in-

crease in the hardness of RMGI [14]. In another study, 
Sharafeddin et al investigated the effect of adding 10% 
by weight of micro hydroxyapatite and 15% by volume 
of chitosan to RMGI and its mechanical properties. 
The researchers stated that the addition of chitosan did 
not affect the microhardness of RMGI. And the addi-
tion of 10% micro hydroxyapatite leads to a decrease 
in the microhardness of RMGI [15]. The researchers 
noted that the possible reason for the lack of effect of 
chitosan on microhardness is due to the increased re-
action of chitosan molecules with each other at higher 
concentrations. The addition of micro hydroxyapatite 
to the glass ionomer powder causes more liquid to be 
required for the complete reaction of the glass ionomer 
setting. In the study of Sharafeddin et al., after adding 
hydroxyapatite, the amount of liquid was added similar 
to the manufacturer’s percentage, which was probably 
not enough for the final reaction. For a similar reason, 
in this study addition of 15% of 10-MDP to RMGI re-
sulted in the lowest microhardness.

In Rasheed et al.’s study, the effect of adding differ-
ent concentrations of hydroxyapatite (10, 15, 20, 25, 
and 30%) to glass ionomer was investigated. Micro-
hardness in the 20% and 25% groups was significantly 
higher than in the control group. The researchers stat-
ed that in higher percentages, due to the disruption of 
the ratio of powder to liquid, it is possible to reduce the 
mechanical properties [16]. One of the most important 
factors determining the mechanical properties of glass 
ionomers is the ratio of powder to liquid. Since hy-
droxyapatite is added in powder form except for glass 
ionomer powder, redetermination of powder to liquid 
ratio should be considered for complete reaction. The 
advantage of adding 10-MDP monomer compared to 
hydroxyapatite is that it is added to the glass ionomer 
liquid, which is less sensitive to re-determine the pow-
der-to-liquid ratio. Rodrigues et al. [17] investigated 
the mechanical and wear properties of composite res-
ins and glass ionomers. The highest observed compres-
sive strength was related to composite resins with an 
average of 334.23, followed by RMGI with an average 
of 169.5, and at last conventional glass ionomer with 
78.78 MPa. By comparing the mechanical properties 
presented in different studies with the present study, 
adding 10-MDP monomer to glass ionomers slight-
ly improves their mechanical properties. One of the 
limitations of this study is the lack of investigation of 
the effect of various stimuli (wear, acidic substances, 
etc.) on the properties of glass ionomer. Also, if the 
glass ionomer was made experimentally, the controls 
and ratio of powder to liquid would be done more pre-
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cisely. Considering the laboratory nature of the study, 
to ensure the next results, it is better to examine the 
RMGI material containing 10-MDP in clinical condi-
tions. Also, because the 10-MDP monomer creates a 
stable bond to the dentin, it is suggested that in the 
next studies, the durability of RMGI bond to dentin 
should also be investigated. It is recommended to in-
vestigate the addition of 10-MDP monomer on other 
IS0-9917 properties in future studies. In future studies, 
it is suggested to experimentally make glass ionomer 
with less HEMA and more 10-MDP.

Interestingly, although increasing the 10-MDP con-
centration was accompanied by a greater amount of 
acetone in the 15% group, the highest bond strength 
was observed in the 10% 10-MDP group rather than 
in the 15% group. This finding may indicate that the 
beneficial effect of increasing 10-MDP concentration is 
not necessarily linear. At higher concentrations, the in-
creased acetone content and/or changes in the compo-
sition and viscosity of the modified liquid may adverse-
ly affect the interaction of the adhesive components 
with the substrate and the formation of an effective 
interfacial layer. Therefore, the superior performance 
of the 10% group may reflect a more favorable balance 
between the concentration of 10-MDP and the solvent 
content, whereas further increasing 10-MDP to 15% 
may not provide additional bonding benefits.

Conclusion

Within the limitations of the present formulation, 
incorporation of 10% (w/v) 10-MDP into RMGI liquid 
was associated with improved microhardness without 
compromising compressive strength. Higher concen-
trations of 10-MDP in this study led to a decrease in 
the mechanical properties of glass ionomer.
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