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Background: Fixed prosthodontics is a routine dental treatment and microleakage is a major cause of its failure.
Objectives: The aim of this study was to assess the marginal microleakage of four cements in metal ceramic restorations with adapted 
and open margins.
Materials and Methods: Sixty sound human premolars were selected for this experimental study performed in Tehran, Iran and prepared 
for full-crown restorations. Wax patterns were formed leaving a 300 µm gap on one of the proximal margins. The crowns were cast and the 
samples were randomly divided into four groups based on the cement used. Copings were cemented using zinc phosphate cement (Fleck), 
Fuji Plus resin-modified glass ionomer, Panavia F2.0 resin cement, or G-Cem resin cement, according to the manufacturers’ instructions. 
Samples were immersed in 2% methylene blue solution. After 24 hours, dye penetration was assessed under a stereomicroscope and analyzed 
using the respective software. Data were analyzed using ANOVA, paired t-tests, and Kruskal-Wallis, Wilcoxon, and Mann-Whitney tests.
Results: The least microleakage occurred in the Panavia F2.0 group (closed margin, 0.18 mm; open margin, 0.64 mm) and the maximum was 
observed in the Fleck group (closed margin, 1.92 mm; open margin, 3.32 mm). The Fleck group displayed significantly more microleakage 
compared to the Fuji Plus and Panavia F2.0 groups (P < 0.001) in both closed and open margins. In open margins, differences in microleakage 
between the Fuji Plus and G-Cem as well as between the G-Cem and Panavia F2.0 groups were significant (P < 0.001). In closed margins, only 
the G-Cem group displayed significantly more microleakage as compared to the Panavia F2.0 group (P < 0.05). Paired t-test results showed 
significantly more microleakage in open margins compared to closed margins, except in the Fuji Plus group (P = 0.539).
Conclusions: Fuji Plus cement exhibited better sealing ability in closed and open margins compared to G-Cem and Fleck cements. When 
using G-Cem and Fleck cements for full metal ceramic restorations, clinicians should try to minimize marginal gaps in order to reduce 
restoration failure. In situations where there are doubts about perfect marginal adaptation, the use of Fuji Plus cement may be helpful.
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1. Background
Fixed prosthodontics is a commonly used dental treat-

ment that restores and preserves oral tissues. Marginal 
gaps at the tooth-restoration interface are an inevitable 
component of any fixed restoration and need to be sealed 
effectively. Luting cements are used to seal gaps and 
preserve the tooth from microbial invasion (1). Failure 
of cements to seal gaps may result in an inflammatory 
response in the pulp and subsequent pulpal necrosis, 
which compromises the longevity of restorations (1, 2). 
Microleakage is indicated by post-treatment hypersen-
sitivity, chronic tooth hypersensitivity, and marginal 
discoloration around the restoration (3). Water-based 
cements have been used traditionally as space fillers be-

tween the tooth and restoration. However, due to their 
high solubility in oral fluids, the sealing ability of these 
cements is highly dependent on the accuracy of the res-
toration margins (4). The largest acceptable value for a 
tooth/restoration gap ranges between 100 - 500 µm (5-7).

In order to overcome the likely problems associated 
with marginal gaps, clinicians should follow technical 
guidelines accurately and only apply the most high-qual-
ity materials when constructing prostheses in order to 
achieve maximum marginal compatibility. In addition, 
the use of cements with satisfactory sealing ability is cru-
cial to minimize marginal leakage. Although different 
types of cements have been introduced in dentistry, glass 
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ionomers and resin-based cements have been shown to 
exhibit the most favorable results due to the release of 
fluoride ions, which establishes an additional microme-
chanical bond with the tooth (4, 8).

Biocompatibility, sealing ability, and caries prevention 
are the important characteristics of an ideal cement. Mi-
crobial microleakage may be the most important factor 
influencing the long term success of a restoration (3). 
Studies have shown that resin-modified glass ionomers 
and cements with bonding capacity to the tooth exhibit 
less microleakage compared to conventional cements 
(e.g. zinc phosphate cements) (1, 4, 9, 10). Numerous stud-
ies have evaluated the sealing ability of different cements 
in different restorations, on different tooth types, with 
various surface treatments, convergence angles, and 
numbers of samples (11).

2. Objectives
This study aimed to compare the microleakage of four 

luting cements in metal ceramic restorations with open 
and closed margins.

3. Materials and Methods
An in vitro experimental study was designed to assess 

the microleakage of four different cements. This study was 
performed in the Shahid Beheshti Dental School, Tehran, 
Iran. Sixty sound human first premolar teeth, extracted 
for orthodontic purposes, were obtained and stored in 1% 
chloramine solution, which is known to have no effect on 
dentinal permeability and the bond strength of cement. 
The teeth were caries free, with no cracks, craze lines, or 
cervical lesions. We collected the extracted teeth after in-
formed consent was obtained from the patients, according 
to the ethical committee rules of Shahid Beheshti medical 
university. All teeth were prepared for a full coverage crown 
in the same way by one investigator. The occlusal and axial 
surfaces were reduced to 1.5 mm and 1 mm, respectively, 
with a 135° sloping shoulder finish line in the dentin. A 
groove was created on the buccal cusp of the teeth to facili-
tate placement and adaptation of the crown. The required 
time for each tooth preparation was 10 minutes, and burs 
(D and Z, Germany) were replaced after every third tooth 
preparation. Impressions were obtained from each tooth 
using polyether Impregum impression material (ESPE, Ger-
many) and casts were poured with type III die stone (Die 
Stone, USA). Dies were prepared and covered with two lay-
ers of die spacer (Bego, Germany) at a 1-mm distance from 
the margin of the die. Copings were then formed using in-
lay wax, leaving a 300-µm space (2 mm long buccolingually 
and shoulder wide mesiodistally) on one of the proximal 
surfaces. This space was created using a piece of paper with 
the respective dimensions, the thickness of which was veri-
fied accurately using a micrometer and stereomicroscope 
(Figure 1). Sprues were attached identically on the buccal 
cusp of each specimen and investing was performed subse-
quently using investment phosphate bond (Bego-Begovest, 

Germany), by placing four teeth in each cylinder. Casting 
and burnout were carried out with base metal (Verabond, 
USA) and Begos-Nautilus (Castomatte), respectively. Each 
metal coping was seated on the respective die and checked 
for full compatibility with a fit checker (GC, Japan). The gap 
between the metal coping and the tooth was measured 
carefully and those with > 350 µm and < 250 µm of space 
at the intended proximal margin of the restoration were 
subjected to re-impression and casting (Figure 2). Copings 
were subsequently coded and the specimens were ran-
domly divided into four groups. Copings were cemented 
onto the respective tooth using zinc phosphate cement 
(Fleck, USA), Fuji Plus resin-modified glass ionomer (GC, 
Japan), Panavia F2.0 resin cement (Kurrary, Japan), or G-
Cem resin cement (GC, Japan). All copings were cemented 
according to the manufacturers’ instructions and stored in 
an artificial oral environment (36°C) for 90 days. After com-
plete setting, the teeth underwent thermal shock cycling 
(1000 cycles between 5°C and 55°C for 1 second per cycle). 
To prevent dye penetration through the apex or dentinal 
tubules, the teeth were covered with a layer of nail varnish 
at a distance of 1 mm from the margin of the coping and 
subsequently immersed in 2% methylene blue solution for 
24 hours. The samples were then fixed in translucent orth-
odontic resins and cut mesiodistally to cross the open mar-
gin in the buccal area. Each section was observed under a 
stereomicroscope (Zeiss, Oberkochen, Germany) to assess 
dye penetration and analyzed using the respective soft-
ware (Axio Vision 3.1; Zeiss, Oberkochen, Germany) (figure 
3) The software was calibrated with original scales and in 
10 separate trials indicated only a 50-µm measurement er-
ror compared to the control site. All the samples were pre-
pared and tested by a single trained clinician.

All data sets were subjected to normality testing us-
ing the Kolmogorov-Smirnov test. Repeated measures 
ANOVA, paired t-tests, and Kruskal-Wallis, Wilcoxon, and 
Mann-Whitney tests were used for statistical analysis. The 
statistical software used was SPSS 16.0.

4. Results
 Table 1 illustrates the microleakage of the cements in 

restorations with closed margins. One-way ANOVA re-
vealed a significant difference among the four experi-
mental groups (P < 0.001). Post-hoc Tukey’s tests failed to 
reveal a significant difference between the mean micro-
leakage of the Panavia F2.0 and Fuji Plus groups, which 
had the lowest mean microleakage values, or between 
the mean microleakage of the Fleck and G-Cem groups, 
which had the highest mean microleakage values. How-
ever, the differences between the groups with the least 
microleakage (i.e. Panavia F2.0 and Fuji Plus) and the 
groups with the most microleakage (i.e., Fleck and G-
Cem) were shown to be significant. Table 2 summarizes 
the paired comparison results retrieved from the post-
hoc Tukey’s tests among the experimental groups.

 Table 3 illustrates the tubular microleakage in restora-
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tions with open and closed margins.
The Fleck group displayed significantly more tubular 

microleakage compared to the Fuji Plus and Panavia F2.0 
groups (P < 0.001) in both closed and open margins. In 
open margins, the difference in tubular microleakage 
between the Fuji Plus and G-Cem groups and between 
the G-Cem and Panavia F2.0 groups was significant (P < 
0.001). In closed margins, however, only G-Cem cement 
displayed significantly more tubular microleakage com-
pared to Panavia F2.0 cement (P < 0.05).

The paired t-test results suggested that all groups displayed 
significantly more marginal microleakage in open margins 
compared to closed margins, except for the Fuji Plus group 
(P = 0.539). To compare tubular microleakage between open 
and closed margins in each group, the Wilcoxon test was 
utilized and the results failed to prove any significant differ-
ence in the Fleck (P = 0.083), Fuji Plus (P = 0.317), and Panavia 
F2.0 (P = 0.318) groups. However, open margins displayed sig-
nificantly more tubular microleakage compared to closed 
margins in the G-Cem group (P < 0.05).

Figure 1. Space Was Created Using a Paper in One Proximal Side of Die

Figure 2. Open Margin Observed Under a Stereomicroscope

Figure 3. Cross Sectional View of a Tooth and Restoration Showing Dye 
Penetration

Table 1.  Mean and Standard Deviation Values of Microleakage 
of the Cements in Restorations With Closed Margins (mm)

Cement N Mean ± SD

Fleck a,b 15 1.92 ± 1.23

Fuji Plus a,c 15 0.77 ± 0.88

G-Cem c,d 15 1.25 ± 1.07

Panavia F2.0 b,d 15 0.18 ± 0.14

Total 60 1.03 ± 1.11
a  Indicate significant difference between Fleck and Fuji Plus (P < 0.05).
b  Indicate significant difference between Fleck and Panavia F2.0 (P < 0.05).
c  Indicate significant difference between Fuji Plus and G-Cem (P < 0.05).
d  Indicate significant difference between G-Cem and Panavia F2.0 
(P < 0.05).

Table 2.  Mean and standard deviation values of microleakage 
of the cements in restorations with open margins (mm)

Cement N Mean ± SD

Fleck a,b,c 15 3.32 ± 0.70

Fuji Plus a,d 15 0.92 ± 0.53

G-Cem b,d,e 15 2.08 ± 1.10

Panavia F2.0c,e 15 0.64 ± 0.78

Total 60 1.74 ± 1.32

a  Indicate significant difference between Fleck and Fuji Plus (P < 0.001).
b  Indicate significant difference between Fleck and G-Cem (P < 0.001).
c  Indicate significant difference between Fleck and Panavia F2.0 (P < 0.001).
d  Indicate significant difference between Fuji Plus and G-Cem (P < 0.001).
e  Indicate significant difference between G-Cem and Panavia F2.0 
(P < 0.001).
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Table 3.  Distribution of Different Levels of Tubular Microleakage in the Studied Cements a

Cement Closed Margin Open Margin
Total

0 b 1 c 2 d 0 1 2

Fleck 3 (20) 0 (0.00) 12 (80) 0 (0.00) 0 (0.00) 15 (100) 30

Fuji Plus 15 (100) 0 (0.00) 0 (0.00) 14 (93.3) 1 (6.7) 0 (0.00) 30

G-Cem 7 (46.7) 1 (6.7) 7 (46.7) 3 (20.0) 1 (6.7) 11 (73.3) 30

Panavia F2.0 15 (100) 0 (0.00) 0 (0.00) 14 (93.3) 0 (0.00) 1 (6.7) 30

Total 40 (66.7) 1 (1.7) 19 (31.7) 31 (51.7) 2 (3.3) 27 (45.00) 120
a  Data are presented as No (%).
b  No dye penetration into the dentinal tubules.
c  Dye penetration half way towards the pulp.
d  Complete dye penetration reaching the pulp.

5. Discussion
This study evaluated the sealing ability of different ce-

ments (especially self-etch/bond cements) in potential 
open areas of restoration margins. Panavia F2.0 and Fuji 
Plus cements displayed more satisfactory results for seal-
ing of potential spaces in closed margins (< 100 µm) and 
open margins (> 300 µm). Minimum solubility, high 
strength, greater retention, and solid bonding to the 
tooth structure are among the most important proper-
ties of resin cements (11). Different studies have shown 
less microleakage of resin cements in comparison with 
other types of cements (4, 8, 11). However, problems asso-
ciated with their manipulation and isolation, specifically 
around the finish line, remain a concern to clinicians and 
may compromise the longevity of restorations. Recently, 
manufacturers have introduced a new generation of self-
etch/bond cements, which are less sensitive to the tech-
nique used in the subgingival margins of restorations. 
Numerous studies have demonstrated low levels of mi-
croleakage with these resins (12, 13). Although most pre-
vious studies have reported that microleakage does not 
necessarily correlate with the size of the marginal gap, 
and the long term success rate of restorations is affected 
by several other factors (14), the results of the present 
study indicated a correlation between marginal gap size 
and microleakage. This result is consistent with the re-
sults of the study by Yuksel et al. (15).

The marginal adaptability of restorations is regarded 
as an important determinant of their long-term suc-
cess rate (16). In order to eliminate the effect of marginal 
adaptability as a confounding factor, we investigated the 
sealing ability of the cements in both closed and open 
margins. Significant microleakage in the Fleck group was 
consistent with previous studies (1, 9, 10, 16), which may 
be attributed to high solubility or failure in establishing 
a solid bond with the tooth (8-10). In the present study, G-
Cem cement displayed more microleakage as compared 
to Fuji Plus or Panavia F2.0 cements, which is in contrast 
to the results of a study performed by Hooshmand et al. 
who reported more microleakage with Fuji Plus and Pan-
avia F2.0 as compared to the self-adhesive cement tested 

(17). This may have been the result of failing to protect the 
G-Cem cement from the oral environment during the first 
hour of its polymerization. In addition, the composition of 
this self-adhesive luting material is more similar to a glass 
ionomer, as it is less resinous than other resin cements. 
Therefore, the greater microleakage detected with this ce-
ment can be attributed to its higher solubility and mono-
mer leaching during the first hours of polymerization (18, 
19). Additionally, polymerization shrinkage of G-Cem may 
have caused higher stress at the tooth-restoration bond, al-
though further studies are needed to compare the shrink-
age of G-Cem with other cements such as Panavia F2.0. On 
the other hand, Fuji Plus and Panavia F2.0 displayed very 
low microleakage in the present study, which was consis-
tent with previous reports (14, 20).

Although the marginal gaps investigated in the major-
ity of previous studies were within the normal range, 
some studies have documented the possibility of greater 
marginal gaps in clinical conditions (5, 7). Moreover, the 
restoration margins in the present study were placed in 
dentin, which has been shown to display greater microle-
akage compared to enamel (21).

Inadequate sealing of dentinal tubules may cause pulpal 
inflammation, which subsequently affects the long term 
success rate of restorations. No significant correlation was 
observed between tubular microleakage and the compat-
ibility of the restoration margins in the Fleck, Fuji Plus, and 
Panavia F2.0 cement groups; however, G-Cem demonstrated 
significantly better tubular sealing ability in closed margins.

This study was performed in laboratory conditions; 
more clinical experience is needed to confirm the results 
in real clinical situations. In this study, only four types of 
dental cements were evaluated. However, microleakage 
has not been assessed in non-adapted margins compared 
with adapted margins in previous studies.

Within the limitations of this study, it was concluded that 
Panavia F2.0 and Fuji Plus cements exhibited better sealing 
ability in closed and open margins compared to G-Cem 
and Fleck cements. When using G-Cem and Fleck cements 
for full metal ceramic restorations, clinicians should take 
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the necessary measures to minimize the marginal gap in 
order to prevent plaque retention, gingival inflammation, 
and a less retentive restoration. In situations where there 
are doubts about perfect marginal adaptation, the use of 
Panavia F2.0 or Fuji Plus cement may be helpful.
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