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ABSTRACT

Objectives: To assess the impact of using two types of cavity disinfectants on dentin margin 
sealing of resinous and non-resinous self-adhesive restorative materials.

Materials and Methods: Standardized box-form Class V cavities were prepared on the buccal 
surfaces of 72 sound premolars. The teeth were divided into three groups (n=24) according to 
dentin pretreatment method; no pretreatment, 2% Doxycycline pretreatment and 2% Chlorhexidine 
pretreatment Each group was subdivided into two subgroups (n=12) according to restorative 
material used; non-resinous Glass ionomer restorative material and self-adhesive resin composite. 
After artificial aging through thermocycling in water baths at 5°C and 55°C, with a dwell time of 30 
seconds in each bath and a transfer time of 15 seconds, the teeth were soaked in methylene blue dye 
for 24 h. The dye leakage was examined under stereomicroscope at X40 magnification. 

Results: No significant differences in the microleakage score median were found between 
group I, II and group III (P> 0.05) for both restorative materials used. However, there was a 
significant difference between the two subgroups A & B (P<0.05) for CHX pretreated cavities 
where Glass ionomer restored specimens showed lesser degree of dye-leakage compared to self-
adhesive composite restored specimens. 

Conclusion: The current study’s findings indicate that using of cavity disinfectants has no 
effect on gingival marginal seal of both resinous and non-resinous restorative materials. 

KEYWORDS: Cavity disinfectants, margin sealing, self-adhesive resin composite, 
conventional glass ionomer. 
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INTRODUCTION 

The evolution of bonding systems from first to 
seventh generation was aimed to simplify bonding 
procedure and decrease the number of clinical steps. 
Bonding procedure is considered to be technique 
sensitive and time-consuming process; the cavity 
should be kept uncontaminated throughout the 
multiple stages of adhesive application. By 
simplifying the bonding procedure there will be less 
chances of mistakes. Etching and priming steps are 
eliminated in sixth & seventh generations for easier 
manipulation. 1 

The development of adhesive-free self-adhesive 
resin composite restorative materials further 
simplified the procedure by reducing the time that 
contamination by oral fluids could jeopardize the 
restoration. Adding of acidic moieties to reactive 
diluents is the utmost popular method for facilitating 
the dental bonding. 2,3 

For a long time, glass ionomer was considered 
as the only self-adhesive restorative material that 
chemically bond to tooth structure. 4 Due to the lower 
physical and mechanical properties of conventional 
glass ionomer 5, hybrid glass-ionomer materials 
have been formulated to withstand such limitations 
including short working time, long-setting time and 
water sensitivity. 6

Self-adhesive composites claimed to decrease 
operating time and technique sensitivity during 
application. 7 Most of self-adhesive composites 
possess an acid functional monomer that conditions 
enamel and dentin and forms chemical bond with 
inorganic components of the tooth structure. They 
also have a chemical composition comparable to 
conventional composites. 8 

Dentin is a complex tissue organized in the 3-di-
mensional framework consisting of 50% minerals 
and 30% of the collagen and 20% water by volume. 
Due to this complexity, biological makeup and 
moisture content, bonding to dentin is challenging. 

10 Perfect seal at the cervical margins is still a sig-
nificant issue. 9 Studies conducted over an extended 

period of time have revealed a gradual loss of resin 
to dentin bond strength. 11 Many factors affecting 
the dentin sealing ability of resin such as mechani-
cal stresses, changes in the oral cavity’s temperature 
and pH, water sorption, resin shrinkage. 12 

Resin infiltration of recently developed self-
adhesive resin composite is point of controversies. 
A number of studies have questioned whether self-
adhesive resin composites are effective alternative to 
conventional composites with separate application 
of adhesives. 2,3 

Failure of the restorative material to seal 
the dentin margin results in marginal gap and 
subsequent microleakage and secondary caries that 
represent the primary reason for replacement of 
different types of restorations. 13

Using of antibacterial cavity disinfectants 
after cavity preparation seem to reduce the risk of 
recurrent caries and pulpal inflammation caused 
by microorganisms that may remain in the cavity. 

According to the literature, there are both merits and 
demerits of using cavity disinfectants. According to 
some researchers, applying a cavity disinfectant 
may cause microleakage between the tooth tissue 
and the restoration. Others, however, have reported 
that the disinfections have no effect on restoration 
microleakage. 14,15

As microleakage is reversely proportional to 
margin sealing and there are limited data available 
on the consequence of using cavity disinfectants 
on dentinal margin microleakage of self-adhesive 
restorative materials, therefore the aim of the current 
study was to assess the impact of using two types of 
dentin disinfectants on dentinal margin sealing of 
resinous and non-resinous self-adhesive restorative 
materials. 

The null hypothesis was that using of cavity 
disinfectants would not affect the sealing ability 
of self-adhesive resin composite and conventional 
glass ionomer to dentin.
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MATERIALS AND METHODS

Sample selection and distribution: 

72 sound premolars were used in the study. The 
teeth were collected from the outpatient clinic of 
Faculty of Dentistry, Mansoura University. The col-
lected teeth were extracted for orthodontic reasons. 
The collection/storage of teeth was subjected to in-
fection control standards approved by the Faculty 
of Dentistry-Mansoura University Ethical commit-
tee (M13011122).

The collected teeth were examined macroscopi-
cally to exclude the teeth with fractures, caries and 
restorations. The teeth were cleaned, residual tissue 
removed and disinfected in 1% chloramine T solu-
tion, stored in distilled water at 4oC 16,17 and used 
within three months after extraction.18,19

On each tooth’s buccal surface, a standardized 
box-form Class V cavity was prepared using a high-
speed carbide bur # 271 (SS white) with air-water 
coolant. The occlusal margin of the cavity was 
placed 1mm above the cementoenamel junction 
(CEJ), while the gingival margin was placed 1mm 
below the cementoenamel junction (CEJ). Cavity 

dimension was measured 2 mm height, 3 mm width, 
and 2 mm depth. A stopper was used to control 
the depth of the cavity during preparation and 
confirmed regularly using a periodontal probe. 20 A 
new bur was used for preparing five cavities then  
discarded. 21

Sample size calculation was based on mean 
difference between using two types of dentin 
disinfectants on dentinal margin sealing of resinous 
and non-resinous self-adhesive restorative materials 
retrieved from the literature 22. Using G*power 
version 3.0.10 to calculate sample size based on 
effect size =1.40, 2-tailed test, α error =0.05 and 
power = 90.0% then total sample size was 12 
samples in each group.

The samples were alienated into three groups 
(n=24) according to dentin pretreatment method 
(figure 1): 

Group I: No dentin pretreatment. 

Group II: Dentin pretreated using DOX: 2% 
doxycycline solution was applied with a micro-
brush for 60 seconds on the dentin surface. Gentle 
air stream waw used to dry the dentinal surfaces.

Fig. (1)  Flow chart for the study groups.
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Group III: Dentin pretreated using CHX: 2% 
chlorhexidine gluconate solution was applied with 
a micro-brush for 60 seconds on the dentin surface. 
Gentle air stream was used to dry the dentinal 
surfaces.

Each group was then subdivided into two 
subgroups (n= 12) according to restorative material 
used (table 1) 

• Subgroup A: Restored with Surefil One, Self-
adhesive bulk-fill resinous restorative material.

• Subgroup B: Restored with non- resinous 
EQUIA Fil Conventional glass ionomer 
restorative material.

Restorative Procedure

Subgroup A: Surefil one restorative material:

Following the manufacturer’s instructions, 
the activated capsules were mixed for 10 seconds 
in a capsule mixer, the material was dispensed 
directly into the cavity using the capsule extruder. 
The cavity was filled in bulk and the surface was 
contoured using a hand instrument. According 
to manufacturer instructions, light curing for 20 
seconds was performed. 

Subgroup B: EQUIA Fil restorative material, 

According to the manufacturer’s recommenda-
tions, each capsule was mechanically mixed for 10 
s before being injected into the cavity starting from 
the deepest portion till complete filling. Contouring 
of the surface was done using a hand instrument. 
The protective coating material (EQUIA Forte Coat, 
GC Corp.) was applied with a micro brush to the 
top surface of the restoration after 10 min at room 
temperature, rubbed for 20 s, and then light-cured 
for 60 s. 23

Finishing and polishing for both subgroups was 
done with politip-p (NSK panaAir FX, Japan) after 
keeping the specimens for 24 hours at 37°C in dis-
tilled water.

Artificial aging:

The restored teeth were subjected to artificial 
aging by thermocycling after 24 hours of storage 
in distilled water at 37°C. For 500 cycles, all 
specimens were immersed in water baths at 5°C and 
55°C, with a dwell time of 30 seconds in each bath 
and a transfer time of 15 seconds. 24

The specimens’ apices were sealed with paraffin, 
and all of the tooth surfaces received two coats of nail 
varnish, leaving the restoration and one millimeter 
from the peripheral margins exposed. Following a 

TABLE (1) Materials used in the study.

Restorative material Composition Manufacturer Description 

Surefil One Powder: silanated aluminum-phosphor-
strontiumsodium-
fluoro-silicate glass, dispersed silicon 
dioxide, ytterbium fluoride, pigments.
Liquid: acrylic acid, polycarboxylic acid, 
bifunctional acrylate, self-cure initiator, 
camphorquinone, stabilizer

Dentsply-Sirona,
Konstanz, Germany

Self-adhesive bulk-fill 
resinous
restorative material 

EQUIA Fil Powder: 95% strontium fluoro-alumino 
silicate (FAS) glass 
Liquid: 40% aqueous poly acrylic acid 
liquid

GC Corporation, 
Tokyo, Japan

Conventional glass 
ionomer 

G-Coat Plus 50% methyl methacrylate, 0.09% 
camphorquinone

GC Corporation,
Tokyo, Japan

Low-viscosity 
resin coat
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24-hour period of soaking in methylene blue dye at 
room temperature, the teeth were washed with water 
and longitudinally sectioned in the buccolingual 
direction using a diamond disk at low speed 
under water cooling. Using the stereomicroscope 
(Olympus SZX16; Olympus, Tokyo, Japan) at X40 
magnification, the dye leakage was measured.

Microleakage scores was assessed using the sub-
sequent criteria: 25 

1.  Negative dye penetration. 

2.  Dye penetration not surpassing the middle of 
the cavity depth. 

3.  Dye penetration exceed the middle of the cavity 
depth. 

4.  Dye penetration extends over the axial wall.

Statistical analysis and data interpretation:

Data analysis was accomplished by SPSS 
software, version 18 (SPSS Inc., PASW statistics 
for windows version 18. Chicago: SPSS Inc.). 
Qualitative data were illustrated using number 
and percent. Quantitative data were defined using 
median (minimum and maximum) for non-normally 
distributed data and mean± Standard deviation for 
normally distributed data after testing normality 
using Shapiro Wilk test. Significance of the attained 
results was predetermined at (P≤0.05) level.

• Monte Carlo test was used to compare qualitative 
data among studied groups. 

• Kruskal Wallis was used to compare between 2 
calculated groups for non-normally distributed 
data.

RESULTS 

Table 2 shows the distribution of dye leakage 
scores in the samples of each of the three groups 
tested.

TABLE (2) Distribution of microleakage scores 
among group samples.

Study 
Group

Score 
1

Score 
2

Score 
3

Score 
4

Group I Subgroup A 1 3 8 0
Subgroup B 1 6 2 3

Group II Subgroup A 2 2 7 1
Subgroup B 2 5 3 2

Group III Subgroup A 0 2 6 4
Subgroup B 3 7 2 0

Group Comparison:

Comparison of the leakage score median for the 
three tested groups using Kruskal-Wallis showed 
no significant difference between non treated 
and pretreated specimens using DOX or CHX 
disinfectants either with resinous or non-resinous 
restoration (table 3) 

Comparison between the subgroups in each 
tested group using Monte Carlo tests revealed 
no significant difference between resinous and 
non-resinous restorative materials for both non-
pretreated (table 4), (figure 2) and DOX pretreated 
groups (table 5), (figure 3). However, a significant 
difference (P=0.001*) was noticed between the two 
tested restorative materials in CHX pretreated group 
with non-resinous Glass Ionomer material showed 
less microleakage median (table 6), (figure 4).

TABLE (3) Comparison of microleakage scores median between studied groups for both restorative materials 
using Kruskal Wallis test. 

Subgroup
Score median (min-max)

p value#Group I
Non-pretreated Specimens

Group II
DOX pretreated specimens

Group III
CHX pretreated specimens

 A (Surefil One) 3(1-3) 3(1-4) 3(2-4) p=0.124
B (Glass Ionomer) 2(1-4) 2(1-4) 2(1-3) p=0.220
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TABLE (4) Comparison of microleakage scores 
between tested restorative materials in 
group I using Monte Carlo test. 

Microleakage 
Scores

Group I Non-pretreated Specimens
p 

value#I A (Surefil 
One)   n(%)

I B (Glass 
Ionomer)  n(%)

Score 1 1(8.3%) 1(8.3%)

0.799
Score 2 3(25.0%) 6(50%)

Score 3 8(66.7%) 2(16.7%)

Score 4 =0 3(25%)

TABLE (5) Comparison of microleakage scores 
between tested restorative materials in 
group II using Monte Carlo test. 

Microleakage 
Scores

Group II DOX
p 

value#II A (Surefil 
One) n(%)

II B (Glass 
Ionomer)  n(%)

Score 1 2(16.7%) 2(16.7%)

0.590
Score 2 2(16.7%) 5(41.7%)

Score 3 7(58.3%) 3(25%)

Score 4 1(8.3%) 2(16.7%)

TABLE (6) Comparison of microleakage scores 
between tested restorative materials in 
group III using Monte Carlo test.

Microleakage 
Scores

Group III CHX
p 

value#III A (Surefil 
One) n(%)

III B (Glass 
Ionomer) n(%)

Score 1 0 3(25%)

0.001*
Score 2 2(16.7%) 7(58.3%)

Score 3 6(50%) 2(16.7%)

Score 4 4(33.3%) 0

Fig. (2): Comparison of microleakage scores between tested 
restorative materials in Group I.

Fig. (3): Comparison of microleakage scores between tested 
restorative materials in Group II.

Fig. (4): Comparison of microleakage score between tested 
restorative materials in group III..
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DISCUSSION 

Obtaining a good seal at the tooth surface-res-
toration interface is crucial for a clinically durable 
restoration. 26 Microleakage which is defined as the 
flow of bacteria, fluids, and ions along the tooth-
restoration interface is considered as a significant 
cause of recurrent caries and regarded as the most 
typical reason for restoration failure. 27-29 Finding a 
restorative material that has improved bond proper-
ties in a trial to reduce microleakage is profession-
ally needed. Chemical bonding on tooth structure is 
crucial for maintaining marginal integrity, stability, 
and the durability of adhesive bonds. 30

Glass ionomer cement (GIC) is the only 
restorative material that able to develop a chemical 
as well as a micromechanical bond with the tooth 
substance.31,32 Ionic bonds between GIC and tooth 
structure are created as a result of the chemical 
reaction that occurs at the surfaces of teeth between 
carboxylic groups of polyalkenoic acid and calcium 
ions of hydroxyapatite. 33 In spite of the development 
of different types of GIC, several investigations 
showed that none of those materials produce ideal 
marginal seal, which is thought to be a primary 
cause of microleakage. 34,35

Recently self-adhesive composites have com-
bined properties of restorative composites and 
self-adhesive monomers, thereby neglecting the 
adhesive application step and in turn, simplifying 
direct restorative procedures. 36 To establish suf-
ficient adhesion, acidic groups were added to the 
structural monomers. 37 Surefil One self-adhesive 
resin-based bulk-fill restorative material has recent-
ly been created to combine the self-adhesive proper-
ties of classic polyacids of glass ionomer cements 
with the crosslinking capacity of structural mono-
mers of resin composites by incorporation of the 
modified polyacid system of high molecular weight  
(MOPOS). 38 

Unavoidable degree of resin composite shrink-
age continually occurs during its polymerization 
resulting in uncontrolled stresses on the dentin/ res-

toration margins causing marginal leakage, post-op-
erative sensitivity and secondary caries.39 Therefore, 
it is advisable to use powerful disinfectants preced-
ing cavity restoration that should be anti-bacterially 
active and at the same time not interfering with the 
bonding of the applied restorations.40 

Chlorhexidine (CHX), one of the cavity disin-
fectants, has been widely used. It is suited for use as 
a primer because it has been an antibacterial agent 
in dentistry. 41 CHX was chosen in the present study 
due to its clinical applicability, wide availability 
in dental offices, and its brief clinical application 
time.42 CHX retains a great affinity for dental tis-
sue by adhering to the negative carboxyl groups 
of the collagen matrix and the phosphate groups 
of calcified dentin crystallites.43 CHX water-based 
solutions, which also operate as rehydrating agents, 
maintain the humidity necessary to keep the colla-
gen network of dry dentin in an extended condition. 
44 Doxycycline belongs to the tetracycline antibi-
otics with a broad-spectrum activity against both 
gram-positive and gram-negative microorganisms 
that could be used as a potent cavity disinfectant. 45 

Microleakage as a critical factor in determining 
the success of any restorative material used in tooth 
restorations particularly in the cervical margin, 46 
in the current study, the microleakage of one type 
of conventional glass ionomer restoration and 
one type of self-adhesive bulk fill resin composite 
was examined using dye penetration test after 
pretreatment with two types of cavity disinfectants; 
CHX and DOX. Using of dye penetration method 
with methylene blue was chosen in this study 
due to its cost-effectiveness, widespread use and 
popularity among researchers. 47-49 The importance 
of the common dye penetration method following 
thermocycling for assessment of microleakage lies 
in the fact that it is comparable to what restorations 
face during their actual clinical service. 50

Thermocycling is a critical technique for deter-
mining the sealing capability of restorative materi-
als. 51 The discrepancy in the coefficient of thermal 
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expansion between the tooth and the restorative 
material causes thermally induced stresses, that can 
result in gap formation and microleakage. 52 Com-
paring the microleakage degree of the two types of 
restoration used in the current study, we found that 
conventional glass ionomer showed lesser degree 
of dye leakage than self-adhesive resin composite 
particularly in CHX pretreated specimens. This 
could be explained by the fact that the coefficient of 
thermal expansion of traditional GICs is near to the 
thermal expansion coefficient of hard dental tissues, 
which has been identified as a key factor for good 
marginal adaptability in comparison to resinous re-
storative materials. 53,54 In addition to the inherent 
ability of CHX to maintain dentin humidity that 
improve the interaction of GICs with non-collapsed 
collagen networks. 44 

A recent study has reported that CHX 
disinfectant causing improvement in the cervical 
marginal seal of bulk-fill composite restoration. 

22 However, according to Campos et al. 55, the use 
of 2% CHX was detrimental to bond strength and 
should be avoided before using self-etch adhesives. 
Additionally, Stanislawczuk et al.56 observed that 
2% doxycycline threaten the bond strength and 
quality of hybrid layer of different adhesives. In 
the present study we evaluated the effect of CHX 
and DOX cavity disinfectants on dentinal marginal 
seal and no statistically significant difference was 
observed in the mean microleakage value between 
the non-pretreated and CHX & DOX pretreated 
specimens for both types of restorations. This is in 
accordance with Bin-Shuwaish et al. who stated that 
microleakage at dentin margins was not affected by 
CHX-pretreatment in teeth restored with bulk fill 
composite using the self-etch mode of adhesion. 
57 The same finding confirmed by Loguercio et al. 
who found that using 2% minocycline and 2% CHX 
did not jeopardize the integrity of the resin-dentin 
interface. 58 Additionally, Sung et al. found that 
Chlorhexidine has no negative effect on marginal 
seal ability of resin composite in Class V cavities. 59 

Thus, the findings of the current study are consistent 
with the null hypothesis tested. 

CONCLUSION

The current study’s findings indicate that using 
of cavity disinfectants has no effect on gingival 
margin sealing of both resinous and non-resinous 
restorative materials. Long-term clinical trials are 
recommended to support these findings.
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