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ABSTRACT

Background: The margin of crown is a significant area for plaque accumulations. Therefore, the 
ability of the cement to seal the margin is very important. The aim of the present study was to 
evaluate the bond (retentive) strength, microleakage, and failure mode of four different types of 
cements in stainless steel crown (SSC) of primary molar teeth.
Materials and Methods: In this experimental study, eighty extracted primary molar teeth were 
divided into two groups of forty teeth to test the microleakage and bond strength. The crowns were 
cemented according to the manufacturer guidelines with four cement types including self‑cure glass 
ionomer, resin‑modified glass ionomer, polycarboxylate, and resin cements. Stereomicroscope and 
universal testing machine were used to measure the microleakage and bond strength, respectively. 
For calculating the surface area of crowns, three‑dimensional scanning was used. Furthermore, the 
failure mode was examined after the bond strength test. The cements surfaces and the tooth–
cement interfaces were evaluated using scanning electron microscopy (SEM). The obtained values 
were analyzed using SPSS‑23 software through Shapiro–Wilk and one‑way analysis of variance 
tests. Means, standard deviations, medians, and interquartile ranges were calculated. P < 0.05 was 
considered as statistically significant in all analyses.
Results: Significant differences between microleakage (P = 0.001) and failure mode (P = 0.041) of 
the four types of cements were obtained. However, the mean bond strengths of the four groups 
did not differ significantly (P = 0.124). The obtained SEM images confirmed the results of bond 
strength and microleakage.
Conclusion: Resin cement and resin‑modified glass ionomer, respectively, showed superior 
properties and are recommended for use in SSCs of primary molar teeth.
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INTRODUCTION

Primary teeth affect the nutrition and development 
of children and are influential in creating proper 

occlusion. Therefore, their preservation is of 
importance, and their early extraction can lead to 
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chewing problems, occlusal inconsistencies, loss of 
interdental spaces, crowding, and misplaced growing 
of permanent teeth. There are a variety of methods for 
preserving these teeth including the use of amalgams, 
resin composites, glass ionomers, and stainless steel 
crowns  (SSCs) to restore their function.[1,2] Several 
studies have compared the durability of multisurface 
amalgam restoration and SSC in primary molar teeth, 
which indicated the greater longevity of SSC.[3] SSCs, 
also known as chrome steel crowns, were introduced 
by Humphrey in 1950 to solve the problems in the 
restoration of severely degraded primary teeth and 
to preserve and maintain them until the growth 
of permanent teeth.[4‑6] The advantages of these 
crowns are adequate bonding, easy replacement, and 
favorable durability. SSC is a selective restoration for 
primary teeth with multiple or extensive caries, treated 
teeth with pulpotomy or pulpectomy, primary teeth 
with developmental defects such as amelogenesis 
imperfecta and dentinogenesis imperfecta, as well 
as restoration of primary teeth used for the base of 
appliances.[5,7] Although SSC is more successful 
in restoring the teeth with extensive degradation 
than other restorations, failure in cementing is 
one of the main reasons for the clinical failure of 
this restoration.[8,9] Therefore, selecting the cement 
material is highly important in SSC bonding.[10] 
Adhesive cements are used to fill the space between 
the tooth structure and restorations or appliance made 
outside the mouth and to keep them together and act 
as a barrier against microleakage.[5,11] Ideal features 
of cement for adhering an indirect restoration such 
as SSC include low solubility, strong bonding with 
tooth structure, and adequate durability to withstand 
displacements during function. One of the important 
factors for the crown durability is the proper alignment 
of the crown edge with the tooth.[12,13] If there is no 
alignment between the edges of the crown and the 
tooth walls, the periodontal tissues will be affected 
and eventually the tooth health may be compromised, 
especially in cases of prefabricated crowns of primary 
teeth where the complete alignment with the edges 
of the tooth is not possible.[14,15] The margin of the 
crown is a significant area for plaque accumulations. 
Therefore, the ability of the cement to seal the 
margin is very important.[16] If there is no bonding 
between the cement and the tooth, or if debonding 
occurs, an inadequate marginal seal will result in 
microleakage.[17] Factors such as the restorative 
material used, the type of cement, the preparation of 
the tooth, and the selection of a suitable crown affect 

the amount of microleakage.[18‑22] Another factor in the 
success of restoration is the bonding strength of the 
crown to the tooth structure, the main characteristic 
of which is the proper alignment of the crown margin 
with the tooth surface in the undercut areas of the cut 
tooth.[23] According to laboratory and clinical studies, 
adhesive cements also play an important role in crown 
bonding.

Considering the various nonconclusive results of the 
previous studies, and very few investigations on the 
mode of failure of the cements, the aim of the current 
article is to compare microleakage, bond strength, and 
mode of failure of four different types of cements 
including polycarboxylate, self‑cure glass ionomer, 
resin‑modified glass ionomer, and resin cement in 
SSC for primary molar teeth. In this study, primary 
molar teeth are examined due to the extensive use of 
SSC for their preservation.

MATERIALS AND METHODS

In this experimental study, a total of eighty first molar 
primary teeth of humans were collected. The teeth 
were cleaned by bistouri, brushes, and pumice and 
stored in distilled water at room temperature during 
collection. They were then stored in 0.1% timol 
solution for disinfection for 2  weeks. Each tooth 
was placed in an acrylic block individually where 
the crown was completely exposed. A  691‑L bur 
was used to cut the occlusal surface of the tooth by 
1–1.5 mm[24] and to cut interproximal regions parallel 
to the longitudinal axis of the tooth. The ledges and 
undercuts were removed, and the sharp angles were 
rounded. The cutting of buccal surface was performed 
only in teeth with large buccal bulges  (especially 
the mandibular first molar). SSCs were aligned to 
the teeth after crimping and contouring to provide a 
good marginal alignment. The teeth were randomly 
divided into two groups of forty teeth for measuring 
the bond strength and microleakage of four different 
types of cements. The cements include self‑cure 
glass ionomer  (Glass Ionomer‑Luting and lining 
cement‑GC), resin‑modified glass ionomer  (GC 
Fuji Plus), polycarboxylate  (Zinc Polycarboxylate 
Cement‑Hoffmanns), and resin cement  (G‑CEM 
LinkAce‑Self‑adhesive resin cement‑G).

Evaluation of microleakage
Forty teeth were used to test microleakage  (four 
groups of ten teeth for four types of cements) based 
on previous studies.[16,25] In each group, the cement 
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was mixed according to the manufacturer guidelines. 
Then, a small amount of cement was loaded inside 
the crown. The crown was placed on the top of the 
tooth and pressed by hand, and the excess cement 
was subsequently removed from the crown–tooth 
interface. Then, to apply a constant force on the tooth, 
a constant weight of 5 kg was put on each tooth 
for 10  min and extra cement around the crown was 
removed again. One hour after mixing the cement, 
the restored teeth with crown were transferred to 
a distilled water container and stored at ambient 
temperature for 4  weeks. Then, the samples were 
thermocycled to simulate the temperature changes 
inside the oral cavity. That is, they underwent 
500  times of thermocycling between 5  ±  2 and 
55°C  ±  2°C for 30 s at each temperature with the 
transmission time of 20 s. Afterward, the samples 
were immersed in 1% methylene blue solution for 
24 h. After removing the samples and washing them 
completely, they were cut in the mid‑section in the 
buccolingual direction with a longitudinal cutting 
apparatus. Finally, the dye penetration was evaluated 
by a stereo‑optical‑microscope  (SZX9, OLYMPUS, 
Tokyo, Japan) with  ×60 magnification. The method 
of measurement was based on the level of linear 
penetration of dye from the edge of the crown inward 
and along the interface of the tooth and the cement. 
In the present study, the microleakage was measured 
in millimeters, which resulted in more accurate and 
reliable results. The results obtained were analyzed 
by SPSS‑23 software  (IBM, Chicago, United States) 
through Shapiro–Wilk and one‑way analysis of 
variance (ANOVA) tests.

Evaluation of bond strength
Forty teeth were used to evaluate the bond strength 
of the cements, similar to studies of Reddy et al. and 
Veerabadhran et  al.[26,27] The teeth were divided into 
four groups of ten teeth for four types of cements. 
As described in the previous section, the cement was 
mixed according to the manufacturer guidelines in 
each group and a small amount of cement was put 
in the crown. The crown was seated on the tooth by 
hand pressure of a single operator, and it was tried 
to apply equal steady pressure in the same direction 
on the crowns. When complete seating was ensured, 
marginal adaptation was checked and extra cement 
was removed from the crown–tooth interface after 
initial set. One hour after mixing the cement, the 
samples were stored in artificial saliva and stored 
in an incubator at 37°C for 24 h. Before testing the 

Figure 1: Specimen undergoing bond strength testing in the 
universal testing machine.

bond strength, SSCs were embedded in acrylic block. 
In order to prevent acrylic adhesion to the root, a 
small piece of plastic spacer was used around the 
cervical area of the tooth on the acrylic block around 
the root. A  hole was made on both acrylic blocks 
of the crown and the root to provide a passage for 
a few twisted wire strands to be fixed in the jaws 
of the universal testing machine  (UTM, SANTAM, 
Iran)  [Figure  1]. In order to investigate the bond 
strength of cements, the samples were subjected to 
tension at the longitudinal axis of the tooth with the 
Instron universal testing machine. After placing and 
fixing the samples in the machine, a tensile force 
was applied on the teeth at a speed of 2 mm/min. 
The force was increased from 0 gradually until the 
first detachment of the crown from the tooth was 
observed. Here, the machine was stopped, and the 
corresponding force was recorded. This was carried 
out for all samples, and the bond strength was 
calculated by dividing the force to the surface of the 
crown. The surface area of crown can be obtained by 
cut opening of the crowns and developing the surface 
on a graph sheet.[26] However, this approach is not as 
precise as three‑dimensional  (3D) scanning and the 
use of computer modeling tools, which provides a 
detailed shape of an object.[28] For obtaining the area 
of the crowns, therefore, 3D scanning was conducted. 
This study used four groups of crowns of different 
sizes  (D5, E2, E3, and E4) based on the size of the 
collected teeth. This does not affect the bond strength 
because it is obtained by dividing the force to the 
crown surface  (normalized by surface area). One 
crown of each group was 3D scanned, and its point 
cloud file was generated  [Figure  2]. The file was 
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converted by SolidWorks software into the surface, 
and then, its area was determined. The results of bond 
strength were analyzed similarly to microleakage by 
SPSS‑23 software using Shapiro–Wilk and one‑way 
ANOVA tests.

Evaluation of mode of failure and microstructure
The mode of failure was investigated after separating 
the crowns by bond strength test. The mode of failure 
was divided into four different categories according to 
previous studies.[29,30] These categories are presented in 
Table  1. The number of failure in each category was 
obtained and presented as percentage for each group. 
The data were analyzed using Shapiro–Wilk, one‑way 
ANOVA (Kruskal–Wallis), and Chi‑square tests.

In addition, four samples  (one from each group) 
tested under tensile bond strength were examined 
under scanning electron microscopy  (SEM; FEI 
QUANTA 200 ESEM, USA), and their mode of 
failure was investigated. SEM images were taken with 
different magnifications of  ×1300 and  ×2500 using 
backscattered electron mode and the applied voltage 
of 25 kV. These images were provided from both the 
cement surface and the tooth–cement interface.

RESULTS

In this study, microleakage, bond strength, and mode 
of failure of four types of cements were studied. The 
results are presented in the following sections.

Microleakage
The mean, standard error, median, and interquartile 
range of microleakage obtained for four types of 
cements are presented in Table  2. Our results on 
microleakage did not support null hypothesis; it 
means there was not enough evidence to conclude 
that the four groups are equal. In other words, 
there was a significant difference  (P  =  0.001) 
between the microleakage of the four types of 
cements. The resin cement microleakage was 
lower than polycarboxylate cement  (P  =  0.008) 
and self‑cure glass ionomer  (P  =  0.001) and did 
not differ significantly from resin‑modified glass 
ionomer cement  (P  =  0.092). Microleakage of 
resin‑modified glass ionomer cement was also 
significantly lower than polycarboxylate  (P  =  0.036) 
and self‑cure glass ionomer  (P  =  0.005) cements. 
Furthermore, microleakage of polycarboxylate 
and self‑cure glass ionomer cements did not differ 
significantly  (P  =  0.888). Figure  3 shows the dye 
penetration between the tooth and the cement.

Bond strength
The mean, standard error, median, and interquartile 
range of bond strength in four types of cements are 
presented in Table 3. As Table 3 shows, the highest to 
the lowest bond strengths were those of resin cement, 
resin‑modified glass ionomer, glass ionomer, and 
polycarboxylate, respectively. However, there was no 
significant difference (P = 0.124 and F (3,33) = 2.07) 
between the mean bond strengths of the four types of 
cements. According to the sampling  (n  =  10), there 
was no evidence for rejecting null hypothesis on bond 
strength. Therefore, more sampling is suggested for 
future research.

Mode of failure and microstructure
The results of the mode of failure are presented in 
Table 4. As Table 4 shows, mode of failure in category 
3 was not found in any of the cement, and mode of 
failure in category 4 was only observed in the resin 
cement. Furthermore, mode of failure in 50% of resin 
cement, 70% of each of the resin‑modified glass 
ionomer and glass ionomer cements, and 100% of 
polycarboxylate cement was in the way that cement 

Figure 3: Methylene blue penetration between the tooth and 
the cement.

Obtained point cloudafter 3D scanning Extracted crown data Crown surface model

Figure 2: Steps of converting the point cloud to surface by 
SolidWorks software.
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was remained on both the tooth and the crown. The 
distribution of failure in the four types of cements 
was significantly different (P = 0.041).

Figures  4 and 5 show the SEM images from the 
surface of the four types of cements, and the tooth–
cement interface after the bond strength tests, 
respectively.

DISCUSSION

SSC provides a complete cover for primary tooth 
crown. Although SSCs are more successful in 
restoring the teeth with extensive degradation than 
other restorations, failure in cementing is one of the 
main leading causes for the clinical failure of this 

restoration.[8,9] Factors such as the dissolution of 
cement, contraction during setting, and the absence 
of the acceptable bonding to the tooth structure and 
restoration can cause microleakage.[31] The presence 
of leakage in the margin of the crown allows 
bacterial penetration into the tooth structure and can 
lead to recurrent caries, inflammation of the tooth 
pulp, or re‑infection of root‑treated teeth.[32] One of 
the important factors that affects the microleakage 
is the type of cement used to bond SSCs.[18] The 
results of this study showed that the microleakage 
of resin cement and resin‑modified glass ionomer 
cement was less than self‑curing glass ionomer and 
polycarboxylate cements. Furthermore, microleakage 
of resin cement and resin‑modified glass ionomer 
cement was not statistically significantly different, 
neither it was between self‑cure glass ionomer and 
polycarboxylate cements. The results of microleakage 
on resin‑modified glass ionomer and polycarboxylate 
cements obtained here are consistent with Memarpour 
et  al.[33] Erdemci et  al. showed that resin cement had 
the smallest amount of microleakage, followed by 
glass ionomer and polycarboxylate cement.[34] Their 
results on resin cement are similar to the present study. 

Table 4: Percentage of different groups of the mode of failure in the cements
Cement type Mode of failure

>75% of cements 
remained on the 

tooth (category 1), n (%)

Cement remained on both the 
tooth and the crown (category 

2), n (%)

Tooth root fracture 
without separation of the 
crown (category 4), n (%)

Resin 2 (20.0) 5 (50.0) 3 (30.0)
Resin‑modified glass ionomer 3 (30.0) 7 (70.0) 0 (0.0)
Glass ionomer 3 (30.0) 7 (70.0) 0 (0.0)
Polycarboxylate 0 (0.0) 10 (100) 0 (0.0)

Table 1: Different groups of the mode of failure after 
removing the crowns in bond strength test
Category Description
1 Cement mostly remained on the teeth (>75%)
2 Cement remained on both the teeth and the 

crown (between 25% and 75%)
3 Cement mostly remained on crown (>75%)
4 Tooth root fracture without separation of the crown

Table 2: Mean, standard error, median, and interquartile range of microleakage (in millimeters) in the four 
types of cement
Cement type Number of samples Mean±SE Median P
Resin cement 9 2.00±0.23 1.85 0.001
Resin‑modified glass ionomer 8 2.40±0.19 2.15
Polycarboxylate 9 3.31±0.31 3.53
Self‑cure glass ionomer 8 3.53±0.22 3.89

SE: Standard error; IQR: Interquartile range

Table  3: Mean, standard error, median, and interquartile range of bond strength  (Newtons per square 
centimeter) in the four types of cement
Cement type Number of samples Mean±SE Median IQR P
Resin cement 7 235.6±27.0 242.1 84.9 0.124
Resin‑modified glass ionomer 10 220.1±25.2 233.4 157.5
Self‑cure glass ionomer 10 200.4±24.4 203.7 144.3
Polycarboxylate 10 152.1±23.4 150.2 137.9

SE: Standard error; IQR: Interquartile range
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However, they showed that the microleakage of glass 
ionomer cement was less than that of polycarboxylate 
cement, while the current study identified that the 
microleakage of glass ionomer and polycarboxylate 
cements did not significantly differ statistically. The 
difference in the results obtained can be due to the 
different brands of cements used. The point that 
should be born in mind is that the rate of bacteria 
and their product penetration between the teeth and 
the cements is clinically less than the degree of 
penetration of the dye in the laboratory tests. This is 
because of easier diffusion of color than bacteria and 

their products. As a result, the cements are clinically 
more effective against microleakage than the results 
of laboratory penetration tests.[35,36]

The results of studies comparing SSC bonding fixed 
with and without cement showed that the crown fixed 
with cement to the tooth had considerably higher 
bonding strength than that fixed without cement.[26] 
Therefore, in the present study, four different types 
of cements were evaluated for their bond strengths. 
The results of our study showed that there was no 
significant difference between the bond strengths 
of the resin cement, resin‑modified glass ionomer, 
self‑cure glass ionomer, and polycarboxylate. 
However, the highest strength was related to the resin 
cement, followed by resin‑modified glass ionomer, 
self‑cure glass ionomer, and polycarboxylate, 
respectively. The results of Reddy et  al. showed that 
the bond strength of zinc phosphate and glass ionomer 
cements was higher than that of the polycarboxylate 
cement, and there was little difference in bonding 
strength of zinc phosphate and glass ionomer.[26] 
The authors recommended the use of glass ionomer 
cement due to its easier use and release of fluoride for 
cementing SSC in children.[26] In the present study, the 
mean bond strength of the glass ionomer was higher 
than that of polycarboxylate, but the difference was 
not statistically significant. Subramaniam et  al. also 
showed that the bond strength of resin cement and 
resin‑modified glass ionomer was significantly higher 
than that of conventional glass ionomer.[37] Similarly, 
in the current study, the mean bond strengths of 
resin and resin‑modified glass ionomer cements were 
higher than the mean bond strength of glass ionomer 
cement. In a study conducted in 2004, Yilmaz et al.[24] 
compared the tensile strength, microleakage, and SEM 
images of SSCs fixed by glass ionomer (Aqua Meron), 
resin‑modified glass ionomer  (RelyX luting), and 
resin  (Panavia F) cements on primary molar teeth. 
They showed that the bond strength of resin cement 
was significantly higher than that of resin‑modified 
glass ionomer, and there was no significant difference 
between the bond strengths of glass ionomer and resin 
cements. The resin cement had a significantly lower 
microleakage than resin‑modified glass ionomer. 
However, there was no significant difference between 
the microleakage of resin and glass ionomer cements. 
Their results showed that the cement with the highest 
bond strength has the lowest microleakage. Their 
results regarding no significant difference between the 
bond strengths of resin and glass ionomer cements 

Figure 4: Scanning electron microscopy images of the cement 
surface (a) resin cement, (b) resin-modified glass ionomer, 
(c) glass ionomer, and (d) polycarboxylate at magnifications 
of ×1300 (left) and ×2500 (right).

b

d

a

c
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are consistent with our findings. In the present study, 
ten samples were considered for each group in the 
tests  (based on power analysis), where significant 
differences were obtained for microleakage. However, 
there were no differences between the groups 
for bond strength, thus increasing the number of 
samples in each group for bond strength test is 
suggested for future research. The main limitation of 
bonding strength experimentation is that the results 
of various studies are not comparable. This is due 
to lack of standardization between studied groups. 
The differences in the results obtained in various 
researches may also be attributed to the different 
crown materials, different brands of cements used, 
and the method of testing as well. For instance, 
the bond strength test can be done using different 
methods for attaching the crown to the device 
applying tensile force  (spot welding the brackets and 
buccal tubes to the buccal and lingual surface of the 
crown, using nail through a hole in the central fossa 
or clamps to the occlusal surface of the crown). The 
other difference between the studies conducted on 
bond strength is related to seating pressure for initial 
placement of crown[38] which is either finger/hand 
force[26,27] or applied controlled force.[39] Differences 
in pressure applied during the cementation may 
influence the cement film thickness uniformity, 
which subsequently can affect the micromechanics of 
retention, and marginal adaptation of restoration.[40] 

Meanwhile, because of the heterogeneous distribution 
of stress in the bonded interface, the mean value of 
bond strength cannot be indicative of the actual stress 
initiating debonding solely.[41]

In the present study, the mode of failure after 
detachment of the crowns in the bond strength tests 
was evaluated in the four cement groups. The failure 
mode in the four types of cements had significant 
differences  (P  =  0.041). Category 3 of mode of 
failure was not observed in any of the cements, i.e., 
the category in which the cement remained mostly 
on the crown. Meanwhile, category 4 of mode of 
failure  (i.e., root fracture) was only observed in the 
resin cement. This can be attributed to the higher 
bond strength of this cement than the other cements. 
The most common mode of failure was category 2, 
followed by category 1. The mode of failure in the 
resin cement consisted of 50% category 2, 30% 
category 4, and 20% category 1, while in glass 
ionomer and resin‑modified glass ionomer cements, 
the only modes of failure observed were category 
2  (70%) and category 1  (30%). The similarity of the 
mode of failure can be associated with the similarity 
of the chemical composition and structure of these 
two types of cements. In polycarboxylate cement, 
only category 2 of mode of failure was observed.

The images obtained from the cement surface and 
the tooth–cement interface with SEM also clearly 
showed the differences and similarities between the 
different types of cements  [Figures  4 and 5]. These 
images showed that cracks were created on the 
surfaces of all cements after the cement fracture. The 
amount of these cracks in resin cement was less than 
other cements possibly due to the higher strength 
of this cement. Glass ionomer and resin‑modified 
glass ionomer cements had very similar surfaces. 
Furthermore, both cracks and detachment causing 
holes were observed in the polycarboxylate 
cement. The interesting point about this cement is 
its porous structure, which resulted in a decrease 
of the cement bond strength and an increase of 
microleakage  (capillary effect). This porous structure 
is clearly visible in the SEM images. Moreover, SEM 
images obtained from the tooth–cement interface 
revealed a gap in this area. The smallest gap between 
cement and tooth was that of resin cement, and the 
largest one was related to the glass ionomer and 
polycarboxylate cements. The results of the SEM 
images in this study are consistent with Yilmaz 
et  al.[24] Therefore, cohesive and adhesive failures 

Figure  5: Scanning electron microscopy images from the 
tooth–cement interface in (a) resin cement, (b) RMGI, (c) glass 
ionomer, and (d) polycarboxylate at a magnification of ×1300.

dc

ba
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were observed in the cement itself and in the tooth–
cement interface, respectively.

In this study, resin cement showed relatively more 
favorable properties. In general, the advantages of 
resin cement are high strength, low film thickness, 
and very low oral solubility.[5] Because of the 
excellent bonding ability of resin cements, these 
cements have highly attracted the dentists. Since 
these cements are auto‑mixed, there is no need 
for manual mixing, thus saving time, eliminating 
problems due to inappropriate ratio of powder 
to liquid, and ultimately ease of use. High cost 
is one of the disadvantages of this cement brand 
compared to other cements used in this study. On 
the other hand, resin‑modified glass ionomer showed 
relatively good properties after resin cement. This 
cement is made by adding resin monomers to the 
glass ionomer. The shortcomings of conventional 
glass ionomer include short functioning period, 
slow development of final properties, sensitivity in 
contact with moisture, dehydration during the setting 
time, and lower cohesive strength compared to resin 
cements. Improvement of these properties has been 
mainly considered in resin‑modified glass ionomer 
cements.[5] In addition, this cement, similar to glass 
ionomer cement, has the ability to release fluoride.[42] 
Although, in the present study, bond strength and 
microleakage of glass ionomer cement had no 
significant difference compared to polycarboxylate 
cement, the use of glass ionomer cement is more 
recommended because of its advantages in terms of 
good physical properties, adhesion to the structure of 
the tooth and metal, and most importantly the release 
of a significant amount of fluoride that increases the 
resistance of enamel and dentin to acidic dissolution 
and acts as a bacteriostatic agent.[41] In the present 
study, the results showed that the bond strength 
was not statistically significantly different among 
the cements. However, considering the fact that the 
microleakage test showed that resin cement and 
resin‑modified glass ionomer cement had a lower 
degree of microleakage than conventional glass 
ionomer and polycarboxylate cements, the use of 
resin cement and resin‑modified glass ionomer 
cement is more recommended for bonding SSCs.

CONCLUSION

According to the results of this study, the following 
conclusions are made:

•	 Resin cement and resin‑modified glass ionomer 
cement showed the least amount of microleakage

•	 Microleakage of resin cement and resin‑modified 
glass ionomer cement was not significantly 
different, neither it was between glass ionomer and 
polycarboxylate cements

•	 No significant difference was found between the 
mean bond strengths in the four types of cements. 
However, the highest strength was that of the resin 
cement, followed by resin‑modified glass ionomer, 
self‑cure glass ionomer, and polycarboxylate, 
respectively

•	 The mode of failure in the four types of cements 
had a significant difference. The most common 
mode of failure was the category in which the 
cement remained both on the tooth and the crown.
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