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ABSTRACT

The present study was directed to evaluate the effect of fluoride Iontophoresis application on microleakage of low shrinkage 
resin composites. Materials and Methods; A total of 180 freshly extracted human non carious premolar teeth were used. Three 
(C- factor) (60 teeth each), half of the teeth received fluoride Iontophoresis application (FI), while the other half were not received 
any treatment (NF). Teeth were restored with Silorane resin composite and Kalore resin composite. The specimens stored for 
one month, three months and six months in distilled water at 37o C in an incubator. After storage time and sealing procedures and 
dye immersion in silver nitrate 50% wt. for 12 hours. The tooth restoration interface and investigated under Scanning Electron 
Microscope (SEM). Result; The results of this study revealed that less microleakage of Silorane than kalore. There was significant 
difference between flat tooth surface and both of classII and classV. Lower leakage score for the fluoridated Silorane and kalore 
restorations than none fluoridated one at all C-factors and at three and six storage times. Conclusions; Fluoride iontophoresis have 
a better effect on microleakage. C-factor significantly affected on the marginal seal.

INTRODUCTION 

One of the major drawbacks is polymerization 
shrinkage, which consequently leads to the 
generation of polymerization stress that may 
causing debonding between tooth structure and 
resin composite that reduce the longevity of the 
restoration (1,2). Silorane resin composite type of 
monomer is obtained from the reaction of oxirane 
and siloxane molecules, the silorane composite 
polymerizes by a cationic process, which is 
insensitive to oxygen in contrast to methacrylate(3,4). 
Also, the Dupont Kalore has a unique property 
of DX511 monomer consists of a long rigid core 
with flexible side arms and a lower number of 
double bonds make it low shrinkable composite. 
Among the adverse clinical consequences of the 
polymerization shrinkage, failure at the composite-
cavity interface and microleakage(5).  Microleakage 

is one of the most frequent problems associated 
with resin composites, Polymerization stresses are 
generated within the restoration and at the margins, 
and if these stresses exceed the bond strength 
microleakage may occur at the tooth restoration 
interface(6-8). Cavity configuration factor (C-factor) 
is the ratio of the bonded surface area in a cavity 
to the unbonded surface area(9,10). The increase in 
C-factor is associated with progressive weakening 
of the bond strength (11,12). 

Fluoride ion is one of the most important 
anticaries agents (13,14). The concentration of fluoride 
ions in dentinal tubules increased due to the fluoride 
iontophoresis. But, the application of fluoride may 
adversely affect the bond strength of some dentin 
bonding systems (15). So, fluoride therapy could 
influence the marginal microleakage of composite 
resin restorations.
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Materials & Methods: Materials;

TABLE (1) Resin composite and their adhesive: 

Product name  Category Composition  Manufacturer and
Batch number

Filtek (P90 ) 
Silorane shade 

A3

Low shrinkable 
restorative 

micro-hybrid 
resin composite

5-15%3,4epoxycyclohexylethylcyclo-polymethylsiloxane;5–
15%bis-3,4-epoxy-cyclohexylethylphenylmethylsila
ne;50–70% silanizedquartz;10–20%yttrium-fluoride; 

camphorquinone

3M ESPE Dental Product 
St. Paul, MN, USA
 (3MESPE, website 
www.3mespe.com) 

(468933)

Silorane 
adhesive 
System

(two steps)

self-etch primer  15–25% 2-hydroxyethyl methacrylate (HEMA)*,15–25% 
bisphenol a diglyceryl ether methacrylate (BIS-GMA)**, 
10 15% water, 10–15% ethanol, 5–15% phosphoric acid–

methacryloxy hexylesters, 8–12% silane treated silica, 5–10% 
1,6-hexanediol dimethacrylate, , 3% camphorquinone and 3% 

phosphine oxide

3M ESPE Dental Product 
St. Paul, MN,USA

(466373)
(3MESPE,website 
www.3mespe.com)

Adhesive – 
Bond 

70–80% substituted dimethacrylate, 5–10% silane 
treated silica, 5–10% triethylene glycol dimethacrylate 

(TEGDMA)***, phosphoric acid methacryloxy–hexylesters, 

3M ESPE Dental Product 
St. Paul, MN,USA 

(456311)(3MESPE,website 
www.3mespe.com)

Kalore
ShadeA3

nano-hybrid 
composite

Urethane dimethacrylate(UDMA)+ 18%, DX-511 co-
monomer Dimethacrylate,Fillers(Fluoroaluminosilicate 

glass), Prepolymerized filler , Silicon dioxide, photo initiator, 
Pigment

GC, Tokyo Japan
(1010091)

website www.gc-dental.com

G-aenial
(One step)

self etch 
adhesive

4-Methacryloxyethyltrimllitate anhydride 5-10%, acetone 30-
40%, water 15-20% , Dimethacrylat 15-20%, phosphoric acid 
ester monomer 15-20% , silicon dioxide 1-5%, photoinitiator

GC, Tokyo Japan
(12101121)

Website www.gc-dental.com

*HEMA: 2-hydroxyethyl-methacrylate.**BIS-GMA: bisphenol-a-diglycidyl-ether-dimethacrylate.
***TEGDMA: tri-ethylene-glycol-dimethacrylate. +UDMA: Urethane dimethacrylate.

Fluoride iontophoresis device (Jonofluor, Medical, 
Via Olivera, Italy) and its Fluoride gel (Fig. 1);

This device consists of; A plastic tray with metal 
plate in the fitting surface of the try extended above 
the handle and a disposable grooved sponge adapted 
in the try that act as a carrier for the fluoride gel. Two 
electrodes; the positive anode and the negative cath-
ode. 1.23% acidulated phosphate fluoride (APF) gel 
(12 300 p.p.m. F, pH 3.5). Milliampere (mA) monitor 
display range from (0.2 mA,0.4 mA). Battery charge 
for current supply and switch on / off. FIG (1) Iontophoresis device.
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Methods;

A total of 180 freshly extracted non carious 
intact human premolar teeth without any cracks or 
fractures and any developmental anomalies were 
collected from the maxillofacial clinic at the Faculty 
of Dentistry, Al-Azhar University and were stored 
in glass jars with distilled water at room temprature 
until the experimental time. C1 factor (C1); (one 
bonded surface) A standardized flat tooth surface was 
prepared in 60 teeth (30 for Silorane group and 30 
for Kalore group) using carbide burs1  in high-speed 
handpiece with profuse water-coolant. C3 factor 
(C3); (3 bonded surfaces) A standardized Class II 
MOD cavity without any axial step prepared in 60 
teeth by using carbide burs2 in high-speed handpiece 
with profuse water-coolant. Bucco-lingual width 
occlusally (2mm) in the middle 1/3 rd of the cusp 
tip of the teeth. The cavity depth was 2 mm. C5 
factor (C5); (5 bonded surface) Standardized class 
V cavities were prepared on buccal surface of 60 
teeth. The dimensions of class V cavities were 2mm 
mesio-distally, 2mm depth and 2 mm occluso-
gingivally with the gingival margin at least 1.0 mm 
above the CEJ. The preparation was done by using 
carbide burs3 in high-speed handpiece with profuse 
water-coolant 

After cavity preparation iontophoresis was done 
for 30 prepared teeth from each C-factor with 1.23% 
acidulated phosphate fluoride (APF) gel according 
to manufacturer’s instructions, and electrically 
charged with 0.4 mA, 12 V for 4 min, while the 
other 30 prepared teeth from each C-factor were not 
receive any fluoride treatment (NF)

Application of resin composite; 

According to the manufacturer’s instructions, 
application of adhesive system and the restorative 
material of all groups was applied by incremental 

technique and light cured for 40 sec. After restorative 
procedures the teeth were stored in water at 37°C in 
an incubator with 100% humidity at different storage 
time (one month, three months and six months) until 
they were tested. The specimens were immersed 
in an aqueous solution of 50wt% ammoniacal 
silver nitrate (pH 9.5) for 24 h, followed by 8h in 
a photo-developing solution. Teeth were sectioned 
longitudinally. 

The degree of dye penetration was assessed by 
using a modified scoring system according to the 
following criteria (figure2); 

Score 0 = No dye penetration

Score I = Dye penetration along enamel wall 
only.

 Score 2= Dye penetration along enamel and 
extend up to1mm in dentinal wall.

Score 3= Dye penetration along enamel and 
extend 2mm in dentinal wall for flat tooth surface 
and for class II, while extend along the entire length 
of the cervical floor of class V.

Score 4= Dye penetration up to the dentin bridge 
more than 2mm in dentinal wall for flat dentin and 
classII, while extend along the entire length of 
the cervical floor and one-half of the axial wall of 
classV.

FIG (2) Diagram represinting the score of microleakage.

1.  #245SC carbide burs, Brasseler, Savannah, GA, USA.
2.  #703 carbide burs, Brasseler, Savannah, GA, USA.
3.  #257, SS White, Great White Series, Lakewood, NJ, USA.
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 RESULTS

The mean leakage score and standard deviation 
values of the collected data were calculated for 
each group. Statistical analysis for the mean of each 
group were done using Kruskal–Wallis test followed 
by Mann–Whitney U test to compare between the 
different variables. The significance level was set at 
(P ≤ 0.05). Statistical analysis was performed with 
software IBM® SPSS® Statistics version 20.

For flat tooth surface (C1); the mean leakage 
score value of fluoridated specimens (0.98±0.07) 
was higher than the mean leakage score of non-
fluoridated specimens (0.88±0.06) with significant 
difference between them where p-value = (0.04). For 
class II (C3); the mean leakage score value of non 
fluoridated specimens (1.85±0.3) was higher than 
the mean leakage score of fluoridated specimens 
(1.64±0.05) with significant difference between 
them where p-value = (0.03).For class V (C5); 
the mean leakage score value of non fluoridated 
specimens (2.10±0.7) was higher than the mean 
leakage score of fluoridated specimens (1.86±0.08) 
with significant difference between them where 
p-value =(0.03).

Scanning Electron Microscope observations: 

FIG (5) Scanning Electron Microscope (SEM) was used to de-
termine the marginal gap.

DISCUSSION

In the current study, lower microleakage scores 
obtained with Silorane could also be attributed to 
the ring opening chemistry of the Silorane system 
and the use of different nature of the Silorane 
system adhesive (16). Silorane based composite 
resin possess two key advantages: polymerization 
shrinkage lower than 1% due to the presence of 
oxirane monomers and increased hydrophobicity 
due to the presence of siloxane in its composition 
(3,4). On the other hand, the Kalore with its adhesive 
(one step self etch adhesive) showed amount of 

FIG (3) Bar chart representing the comparison between fluo-
ridated and non fluoridated specimens within each C-
factor at different storage times of Silorane restoration.

FIG (4) Bar chart representing the comparison between fluo-
ridated and non fluoridated specimens within each C-
factor at different storage times of Kalore restoration. 
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microleakage more than silorane, this could be due 
to the acidity of one step adhesive that contain large 
portion of hydrophilic component which interfere 
with the efficiency of polymerization of adhesive 
monomer (17). Incomplete hydrophobic sealing of 
G-aenial bond with Kalore cause the incomplete 
polymerized hydrophilic resin component that may 
be elute from adhesive and hybrid layer in the short 
term (18), unlikeness to Silorane adhesive which 
contains a very hydrophobic bond with separate 
self etching primer that convert the wet hydrophilic 
collagenous surface to a dry hydrophobic surface. 
This hydrophobic nature of the Silorane adhesive is 
manifested as a lack of water diffusion, which could 
exhibit little microleakage (19,20).

The result of this study is in agreement with 
the results of Thalaker et al (21), that confirm better 
marginal integrity in the silorane fillings initially 
after placing and after exposure to mechanical stress. 
Also, is in agreement with the result of Yamazaki et 
al (22), which stated that the Silorane resin composite 
showed reduced polymerization shrinkage and 
stress, as well as significantly improved marginal 
adaptation compared with methacrylate resin 
composite. Asmussen and Peutzfeldt (23) also, 
reported that the Silorane-based resin composite 
had significantly lower polymerization contraction 
than the other resin-based composites. This would 
appear to indicate that ring opening has taken place 
with a concomitant contraction that is relatively 
small (24).

 The results of this study that showed leakage in 
Silorane and Kalore resin composite was disagree 
with the result of Bagis et al (25), that revealed the 
silorane-based resin composite had no microleak-
age for wide MOD restorations with oblique and 
vertical layering techniques. Also, Schmidt et al (26), 
revealed that there were no statistically significant 
differences in microleakage between Silorane and 
other resin composites. This controversy could be 
due to the difference in methodology and nature of 
their study.

Fluoridated and non-fluoridated groups, revealed 
lower leakage score for the fluoridated Silorane and 
kalore restorations than non-fluoridated one at all C-
factors and at three and six storage times. While at 
one month storage, fluoridated Silorane and Kalore 
specimens had higher leakage score than non fluo-
ridated groups.

This may be attributed to that fluoride ions 
chemically react with calcium ions in dentin to form 
calcium fluoride and with hydroxyapatite crystals 
to form fluorapatite that occluded partially or 
completely dentinal tubules. Even a small reduction 
in tubule diameter after fluoride iontophoresis will 
significantly decrease fluid conductance in the 
tubules (15). The formation of acid-resistant fluoride 
reaction products at the dentin surface and in the 
tubule, orifices could be occurred and effect on the 
bond strength (27). 

Self-etching bonding systems of Silorane and 
Kalore, etch (condition) and prime dentin simulta-
neously without the need for rinsing. They partially 
dissolve the smear layer and hydroxyapatite crys-
tals to yield a superficial resin-infiltrated zone with 
minerals incorporated (28,29). The self-etching system 
is less aggressive, which demineralizes dentin and 
consequently forms more and deeper resin tags, 
usually achieving higher bonding strengths (30).

On the other hand, the higher leakage score of 
fluoridated Silorane and Kalore groups after one 
month storage, may attributed to fluoride iontopho-
resis that mainly decrease the effectiveness of den-
tin adhesives by reducing the deeper infiltration of 
resin monomers into the pretreated fluoridated spec-
imens, the same as for the effects of acid-resistant 
calcium oxalate crystals resulted from application 
of potassium oxalate that may occlude the dentinal 
tubules (31).

The results of fluoride application are in 
agreement with Shabzendedar et al (32), that revealed 
low microleakage in the group that received 
acidulated phosphate fluoride (APF) before 
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composite resin placement than the control group. 
Another result showed pre-treatment with fluoride 
could not affect the marginal leakage (33). Also, 
Giannopoulos et al (34), was showed that treatment 
with APF before bonding results in on significant 
change in composite bond retention.

Furthermore, the result of this study counteracts 
the study with Kecskemet et al (35), that found 
more microleakage in fluorosis teeth than non-
fluorosis teeth and microleakage levels increased 
depending on the severity of dental fluorosis. These 
higher microleakage levels may be explained by 
a weaker bonding of composite restorations on 
fluorosed teeth because of the pitted and detachable 
fluoroapatite structure of fluorosed enamel which 
has hypermineralized surface layer and quite 
extensive subsurface porosity (36). 

CONCLUSIONS

1. The marginal seal was significantly better in 
cavities with lower C-factor than in cavities 
with higher C-factor.

2. Fluoride iontophoresis treatment increased 
significantly the leakage value.

3. Long term storage in water dramatically 
increased microleakage.

4. Cavity adaptation of a low-shrinkage Silorane 
based resin composite was comparable to that 
of Kalore resin composite.
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