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abstract

Aim The purpose of this study was to determine the 
effect of different cavity disinfectants on microleakage 
of Class V resin-based composite restorations in 
primary teeth.
Materials and methods Standard non-beveled 
Class V cavities were prepared on 50 human primary 
anterior teeth with the incisal and cervical margin 
placed on the enamel. The crowns were randomly 
divided into 6 groups. Four experimental groups of 10 
teeth each, in which cavities were disinfected using the 
following solutions: 1) S. persica extract (Ethanol 1 mg/
ml); 2) 1.3% sodium hypochlorite (NaOCl); 3) 0.2% 
chlorhexidine gluconate (CHX), and 4) No solution 
applied. Two control groups; 5 teeth each; 5) Negative 
control: filled cavity and entirely coated with nail varnish 
and 6) positive control: empty cavity and without nail 
varnish coating. Each cavity in groups 1-5 were filled 
with Filtek™ Z350 XT Universal Restorative (3M Espe, 
St. Paul, USA). All specimens were thermocycled for 
500 cycles (5°C/55°C) and prepared for microleakage 
evaluation using a 2% methylene blue. 
Results For the experimental groups; there was no 
significant difference in dye penetration between 
the incisal and cervical walls in all groups (P=0.176). 

However comparing microleakage by location/walls 
showed a significant difference in dye penetration 
between the incisal walls (P=0.014) and cervical walls 
(P=.045).
Conclusions None of the disinfectant solutions in 
the experimental groups were able to prevent dye 
penetration. In comparison to chlorhexidine gluconate 
and sodium hypochlorite; application of S. persica did 
not increase microleakage and was not detrimental 
to enamel and dentin adhesion using the restorative 
technique and materials used in this study.

The effect of cavity 
disinfectants
on microleakage 
of composite 
restorations
in primary teeth

Introduction

The presence of bacteria in dentin after the removal 
of infected dentin, even after removal of dye-stainable 
dentin, has been reported [Meiers and Kresin, 1996; El-
Housseing and Jamjoum, 2000]. As this may contribute 
to recurrent caries and restoration failure, disinfectant 
solutions have been introduced, as alternative means to 
caries dentin removal, in order to reduce or eliminate 
bacteria from cavity preparations [Meiers and Kresin, 
1996]. The smear layer is an amorphous layer that 
may harbor bacteria and prevent the cavity from being 
disinfected [Berutti et al., 1997]. Therefore, removal of 
the smear layer may act as cavity disinfectant. Phosphoric 
acid etchant materials have demonstrated antimicrobial 
activity against some of the bacteria involved in caries 
[Settembrini, 1997].  

Some antibacterial solutions have been studied: 
chlorhexidine, sodium hypochlorite, and fluoride 
solutions [Meiers and Kresin, 1996; Gürgan et al., 1999]. 
The results of in vitro studies are controversial regarding 
the disinfectants’ effect on adhesion [Meiers and Kresin, 
1996; Cunningham and Meiers, 1997; Tulunoglu et al., 
1998; Gürgan et al., 1999]. Moreover, there is still not 
much laboratory data that discusses the adhesion of the 
new generations of resin-based composite restorations 
with the use of cavity disinfectants.

Chlorhexidine is one of the most widely used and 
effective broad spectrum antibacterial or antiseptic 
agent in the maintenance of plaque control and an 
aid in gingivitis and it is also used as cavity disinfectant 
because it continues to kill bacteria for several hours 
by binding to the aminoacids in the dentin, making it 
a good antimicrobial agent [Gürgan et al., 1999; de 
Castro et al., 2003]. Sodium hypochlorite (NaOCl) is 
the most commonly used root canal irrigation solution 
with excellent tissue-dissolving and antimicrobial 
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cavities (3 mm wide, 2 mm long and  1 mm deep) were 
prepared on the 50 crowns using metal templates with 
the incisal and cervical margin placed on the enamel 
using burs 229 (SS White Burs, Inc., Lakewood, New 
Jersey) with water-cooling. The bur's length was used as 
a guide for the cavity depth and the burs was replaced 
every 5 preparations. The crowns were randomly 
divided into 6 groups. Groups 1-4 were composed of 
10 crowns each, and cavities were irrigated using the 
following disinfectant solutions.

1) S. persica extract (Ethanol 1 mg/ml).
2) 1.3% sodium hypochlorite (NaOCl).
3) 0.2% chlorhexidine gluconate (CHX).
4) No solution applied (control group). 
Final rinse was carried out with 2 ml physiological 

saline to avoid long-term action of the respective 
disinfectant solutions. Five specimens (Group 5) with 
a filled cavity and entirely coated with nail varnish 
served as negative control and 5 specimens with an 
empty cavity and without nail varnish coating served 
as positive control (Group 6). S. persica extract was 
prepared from fresh ground roots of S. persica with 
10% water in ethanol then underwent freeze-drying 
to ensure that the remaining solvent was completely 
removed. The extract was suspended in dimethyl 
sulfoxide (DMSO) at a concentration of 100 mg/
ml. This was the stock preparation and was kept in a 
freezer at -20° C. Working concentrations of 1 mg/ml 
were prepared in sterile physiological saline at a pH of 
7.4. Each cavity in groups 1-5 was treated with Scotch 
bond™ Etchant and Adper™ Single Bond 2 Adhesive 
and filled with Filtek™ Z350 XT Universal Restorative, 
a visible light-activated composite (3M™ ESPE™, St. 
Paul, MN) according to the manufacturer’s instructions. 
Composite was  leveled even  with the contour of the 
tooth and covered with a transparent cellulose acetate 
strip before light curing. Composite was finished and 
polished immediately in one direction using graded Sof-
Lex discs (3M™ ESPE™, St. Paul, USA) according to the 
manufacturer’s instructions.

All restored crowns were stored in distilled water at 
23 °C±1°C for 48 hours, then thermocycled for 500 
cycles (5°C/55°C) with a dwell time of 30 seconds and 
a transfer time of 10 seconds. Marginal microleakage 
was evaluated using a conventional dye penetration 
method. The crowns were sealed with sticky wax and 
resin composite and the entire crowns coated with 
2 layers of nail varnish except for the location of the 
restorations and 1 mm around the restoration margins. 
The specimens were immersed in a 2% methylene blue 
solution and stored at room temperature for 24 hours. 
After storage the specimens were rinsed with distilled 
water and air dried. After embedding in acrylic resin, 
bucco-lingual sections in the center of each cavity were 
obtained from each specimen through cutting in a 
bucco-lingual direction with a diamond saw (IsoMet®, 
Lake Bluff, USA) mounted in a cutting machine under 

abilities and several studies have shown its effectiveness 
on residual bacteria [Guerreiro-Tanomaru et al., 
2011; Xie et al., 2012; Mohammadi et al., 2013]. The 
toothbrush tree, Salvadora persica (S. persica), locally 
known as miswak, is a member of the Salvadoraceae 
family. S. persica extracts possess various biological 
properties with clinical applications including significant 
antibacterial [Wolinsky and Sote, 1983; Al-Sohaibani 
and Murugan, 2012], antifungal [Al-Bagieh et al., 1994] 
and anti-inflmmatory effects [Wolinsky and Sote ,1983]. 
Furthermore, S. persica extracts have been shown to 
have smear layer removal capability by its acidity [Balto 
et al., 2012]. Aqueous S. persica extract have been 
showed to remove the smear layer partially, while the 
alcoholic extract completely [Sofrata et al., 2008; El-
Tatari et al., 2011; Balto et al., 2012; Moeintaghavi et al., 
2012] which inspired us to use it in this study. 

Microleakage of oral fluids and bacteria between 
the cavity wall and restoration has been associated 
with postoperative sensitivity, recurrent caries, pulpal 
irritation and pulpal pathosis [Trowbridge, 1987; Shidu, 
1992], and is a primary cause of restoration failure 
[Bauer and Henson, 1984]. Some studies have shown 
that microleakage permits the penetration of oral fluids 
that can be used by residual bacteria as a nutritional 
requirement and bacterial port of entry [Meiers and 
Kresin, 1996; Settembrini, 1997], which could explain 
the mechanism responsible for recurrent caries. A major 
goal in restorative dentistry is the control of marginal 
leakage, which may occur because of dimensional 
changes or lack of adaptation of the restorative material 
to the prepared cavity [Bullard et al., 1988]. The use 
of disinfectant solutions is an alternative procedure to 
reduce or eliminate bacteria from cavity preparations. 
In vitro evaluations remain an essential method for an 
initial screening of dental materials and might act as a 
predictable indicator of in vivo microleakage [Raskin et 
al., 2003]. 

To date, no published studies have been carried out to 
investigate and compare the microleakage of the new 
generation resins composite restorations in primary 
teeth after application of S. persica in comparison to 
chlorhexidine gluconate and sodium hypochlorite. 
Therefore, the purpose of this study was to determine 
the in vitro effect of three cavity disinfectants (S. persica, 
chlorhexidine gluconate and sodium hypochlorite) 
on microleakage of Class V resin-based composite 
restorations in primary teeth.

Materials and methods

Fifty extracted human primary anterior teeth with 
mild to moderate caries were collected and stored in 
saline and each tooth was sectioned at the cement-
enamel junction (CEJ) using low-speed carborundum 
discs under water spray. Standard non-beveled Class V 
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water cooling. Dye penetration was examined under a 
stereomicroscope (SMZ 1000, Nikon Instruments Inc., 
Japan) at x40 magnification. Scoring of dye penetration 
was examined by two examiners who were unaware of 
the groupings of the specimens. All scorings were taken 
from the junction of the tooth-restoration interface 
to the point of termination of the dye and recorded 
according to ISO specification (ISO/TS, 2003): 0 = No 
penetration; 1 = Penetration into the enamel part of 
the cavity wall; 2 = Penetration into the dentin part of 
the cavity wall but not including the pulpal floor of the 
cavity; and 3 = Penetration including the pulpal floor of 
the cavity. Both sections of each tooth were examined, 
and the worst scores for both the incisal and cervical 
margins were used for data analysis.

The reliability of the inter-examiner scorings was 
verified by using kappa test. The score data for 
microleakage were analysed using Kruskall-Wallis 
analysis with subsequent pair-wise comparisons of the 
individual groups. All statistical analysis were set with a 
significance level of p<0.05.

Results

The inter-examiner reproducibility was good for 
both observers with kappa values equal to .740 
which indicates substantial agreement for the four 
experimental groups (S. persica, sodium hypochlorite, 

chlorhexidine gluconate or no solution applied). 
Microleakage mean score and standard deviation are 
shown for all groups in Table 1. All the experimental 
groups showed microleakage at the incisal and cervical 
walls. The negative controls showed no evidence of dye 
penetration whereas the dye completely penetrated the 
positive control cavities. Figure 1 shows examples of 
microleakage for all groups. 

For the experimental groups, there was no significant 
difference in dye penetration between the incisal and 
cervical walls in each group (P=0.176) (Fig. 1). However, 
comparing microleakage by location/walls showed a 
significant difference in dye penetration between the 
incisal location (P=0.014) and cervical location (P=.045); 
(Fig. 1). Microleakage was higher at the cervical wall/
margin than at the incisal one.

Discussion

In the present study, application of S. persica in 
comparison to chlorhexidine gluconate and sodium 
hypochlorite did not increase microleakage and was not 
detrimental to enamel and dentin adhesion using the 
restorative technique and materials used in this study. 
However, compared to the other cavity disinfectants, 
S. persica has various biological properties such as 
significant antimicrobial activity, antifungal and anti-
inflammatory effects, as well as ability to remove the 

FIG. 1 Example of 
microleakage for all groups.
A S. persica
B NaOCl
C CHX
D No solution applied
E Negative control
F Positive control

A

D

B

E

C

F

tABLE 1 Mean, standard deviation, median and range scores for the experimental and control groups according to the location.

Level CHX No Solution NaOCl S. persica Negative Control Positive Control

Mean & SD Incisal 1.20 (.834) 2.15 (.933) 2.05 (1.050) 2.00 (1.124) 0.00 (0.00) 3.00 (0.00)

Cervical 1.55 (1.191) 2.30 (.865) 2.50 (.761) 2.10 (1.071) 0.00 (0.00) 3.00 (0.00)

Median Incisal 1.00 2.00 2.50 2.50 0.00 3.00

Cervical 1.50 2.50 3.00 2.50 0.00 3.00
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smear layer by its acidity [Wolinsky and Sote, 1983; 
Al-Bagieh et al., 1994; Balto et al., 2012; Al-Sohaibani 
and Murugan, 2012] may be beneficial before restoring 
cavities in primary teeth. The antimicrobial and cleaning 
effects of S. persica may be attributed to various 
chemicals contained in its extracts, such as sodium 
chloride and potassium chloride, as well as salvadourea, 
salvadorine, saponins, tannins, vitamin C, silica and 
resin [Darout et al., 2000]. A concentration of 1 mg/
ml of S. persica extract was used in this study, due to 
lack of its toxicity when used in a low concentration has 
been confirmed by several investigators [Abu-AlSamh 
and Al-Nazhan, 1997; Rajabalian et al., 2009; Ibrahim 
and El-Gengaihi, 2012]. The ability of S. persica to 
remove the smear layer may be due to the neutral pH of 
the extract (pH=7.4), as etching at neutral pH is equal 
if not more efficient than with the agents at low pH 
in exposing collagen fibrils on dentin surfaces [Blomlöf 
and LindsKog, 1995]. 

Results of in vitro studies in permanent and primary 
teeth are controversial regarding the effect of cavity 
disinfectants on adhesion [Meiers and Kresin, 1996; 
Tulunoglu et al., 1998; Gürgan et al., 1999]. In the 
present study, no difference in microleakage was found 
between NaOCl, CHX, S. persica and control where 
no disinfectant applied. None of the aforementioned 
disinfectants did increase microleakage or was 
detrimental to enamel and dentin adhesion of the 
restorative technique and materials used in this study 
compared to control where no disinfectant was applied.

It has been reported that chlorhexidine-containing 
cavity disinfectant increased microleakage scores when 
used prior to application of dentin adhesive systems 
and there might have been some negative interaction 
between the cavity disinfectants and dentin bonding 
agents [Tulunoglu et al., 1998]. The authors concluded 
that the use of cavity disinfectants with composite resin 
restorations appeared to be material specific regarding 
the interactions with various dentin bonding systems 
and the ability to seal dentin [Tulunoglu et al., 1998]. 
Also, an investigation on the effect of chlorhexidine-
containing cavity disinfectant on bond strength of 
chlorhexidine as cavity disinfectant on primary tooth 
dentin reported that 2% chlorhexidine had an adverse 
effect on the adhesive system when used prior to 
etching [Vieira and da Silva 2003]. In contrast, a study 
in permanent teeth evaluated the effect of two dentin 
disinfectants on the dentin sealing ability of two dentin 
bonding systems, the results showed that the use of 
cavity disinfectants after tooth preparation and before 
the application of a dentin bonding agent could help 
to reduce the potential for residual caries [Meiers and 
Kresin, 1996]. In the present study we followed the 
same sequence for disinfectant application. Other 
studies applied the disinfectant after etching and did 
not report any decrease in the adhesion of the adhesive 
system in bond strength testing [Perdigao et al., 1994; 

Ersin et al., 2009]. Furthermore, there are also some 
studies which showed that applying chlorhexidine after 
an acid-etching procedure increased bond strength 
in permanent teeth [Cunningham and Meiers, 1997; 
Pappas et al., 2005].

In the present study, Class V cavities were selected 
because they do not have any macro-mechanical 
undercut, so that the sealing ability of composite 
restorations was evaluated just based on the bonding 
effect [Ritter et al., 2009]. In addition, it has a high 
C-factor value and it is relatively easy to restore, which 
minimises interoperator variability [Ritter et al., 2009]. 
In this study we did not bevel the margins of Class V 
cavities. A study tested effect of beveling cavo-surface 
margin of Class V preparations on microleakage of 
composite resin restorations reported no difference 
in microleakage when margins were beveled [Bagheri 
and Ghavamnasiri, 2008]. On the other hand, a study 
compared the effectiveness of self-etch and total-
etch adhesive systems in bonding to the beveled and 
nonbeveled margins of primary and permanent teeth 
and it concluded that total-etch adhesive and beveled 
margins resulted in the least microleakage and that 
margin beveling had a greater effect in minimising 
microleakage than the type of adhesive used [Swanson 
et al., 2008]. In the present study, cavities were 
prepared using burs 229. It has been reported that 
cavity preparation with burs produces a thick and 
compact smear layer; such that the prismatic structure 
of enamel can not be clearly seen [De Munck et al., 
2002]. However, in the present study, it was expected 
that application of S. persica would remove the smear 
layer, as it has shown to have smear layer removal 
capability by its acidity [Balto et al., 2012]. In this 
study, the dynamic environment of the oral cavity was 
simulated by exposing the composite restored teeth 
to thermal changes via thermocycling before testing 
for microleakage. For the study, 500 thermal cycles 
between 5 and 55°C were applied. 

Dye penetration testing is one of the main methods 
of assessing microleakage in which the sample is 
subjected to a dye marker such as methylene blue, 
basic fuchsin silver nitrate, and rarely India ink [Heintze, 
2013]. We used a 2% methylene blue solution which is 
a commonly used method due to its easy manipulation, 
better penetration with respect to other solutions due 
to its size and it is also inexpensive [Söderholm et al.; 
1991, Roulet et al., 1994; Alani and Toh, 1997]. The 
area of methylene blue is calculated to be approximately 
0.52 square nanometers, smaller than the average size 
of bacteria. As bacteria have a diameter of 0.3-1.5 
microns, this technique cannot distinguish between 
too narrow and sufficiently wide gaps to allow bacteria 
passage [Almeida et al., 2003]. It has been reported 
that the use of the methylene blue tracer led to higher 
microleakage scores than other microscopic evaluations 
[Gale and Darvell, 1999; Almeida et al., 2003]. In the 
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present study, after immersing the composite-restored 
teeth in the dye for 24 hours, two blinded examiners 
evaluated the level of microleakage between each 
restoration and the cavity wall. To increase evaluation 
reliability, the two cut surfaces of each tooth were used 
for microleakage assessment and the worst scores for 
both the incisal and cervical margins were used for data 
analysis. Often the evaluation of penetration scores is 
performed on one or more specimen cuts and by optical 
microscopic observation. It has been reported that the 
use of several (for example, three) sections of one tooth 
may avoid under-estimation of in vitro microleakage 
[Raskin et al., 2003]. However, in the present study; it 
was not possible to make several sections, as the mesio-
distal cavity size in primary anterior teeth was small. The 
dye penetration technique is mainly qualitative and to 
some extent, a quantitative method of evaluation to 
show the pattern of dye penetration and can indicate 
where the penetration occurs [Alani and Toh, 1997]. 
This two-dimensional evaluation method may be less 
sensitive than three-dimensional evaluation [Lyroudia et 
al., 2000]. However, three-dimensional evaluation may 
not be available in each research laboratory.

Class V cavities in primary teeth may be located either in 
enamel/dentin or cementum/dentin [Ritter et al., 2009]. 
Studies have shown that microleakage was greater on 
the cervical wall localised in dentin or cementum than 
on the occlusal/incisal wall localized in enamel [Corona 
et al., 2003; Baygin et al., 2012]. These findings are in 
agreement with our results, which showed higher dye 
penetration at the cervical wall for all the samples in the 
experimental groups tested despite that both incisal and 
cervical walls were located in enamel. One likely reason 
might be the thinner enamel of the cervical walls which 
may result in compromised bonding of composite to the 
cavity wall due to lack of enough enamel for bonding. 
The enamel thickness in primary teeth is less than that 
in permanent teeth and enamel thickness in cervical 
area is lower than the coronal margin and therefore, 
in Class V restorations, the maximum bond is with 
dentin [El-Housseiny and Farsi, 2002]. On the other 
hand; some studies reported no significant differences 
in microleakage degree at the cementum/dentin and 
enamel/dentin margins [El-Housseiny and Farsi, 2002; 
Ernst et al., 2008; Ferreira and Vieira, 2008; Lien and 
Vanderwalle, 2010; Poureslami et al., 2012].  

The present study has some limitations. Despite all 
efforts to standardise the size of Class V cavities, there 
was a slight variation in size of the cavities between 
the specimens. Also, the dye penetration technique is 
a two-dimensional evaluation method, which may be 
less sensitive than three-dimensional one. We used 
methylene blue, which has a small particle size and its 
permeability may lead to overestimate the relevance 
of infiltration. In addition, in the present study carious 
primary teeth which may have invisible cracks were used 
and not sound teeth as in another study [Poureslami et 

al., 2012]. In summary, the results of this study inspire 
conduction of more in vitro and in vivo studies to 
evaluate the interaction between different restorative 
materials and different cavity disinfectants.

Conclusion

Within the limitations of this in vitro study, none of 
the cavity disinfectants in the experimental groups 
were able to prevent microleakage completely. Higher 
microleakage was observed along the cervical margin 
than along the incisal margin for all specimens in the 
experimental groups. In comparison to chlorhexidine 
gluconate and sodium hypochlorite; application of 
S. persica did not increase microleakage and was not 
detrimental to enamel and dentin adhesion using the 
restorative technique and materials used in this study of 
Class V in primary teeth.
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