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ABSTRACT
Statement of the Problem: The bond strength of composites with different adhesive

NaOCl;

systems with dentin is an important factor in long term durability of composite restora-

Shear Bond Strength;

tions. The effect of titanium tetrafluoride (TiF4) as anti caries agent and sodium hypo-

Nanofilled composite;

chlorite (NaOCl) as disinfectant on the shear bond of nanofilled and silorane based

Silorane composite;

composite resins have not been investigated in previous studies.
Purpose: This study was conducted to determine bond strength between dentin and
two composite systems, by means of shear bond test using TiF4 and NaOCl.
Materials and Method: Middle dentin of 60 intact extracted maxillary premolar teeth
were exposed by sectioning the crowns at a depth of 2mm from central groove and
parallel to the occlusal surface. Standardized smear layer was created using a 600-grit
silicon carbide paper and then samples were embedded in acrylic resin blocks. Then
the samples were randomly divided into 6 \groups summarized as Group I: Z350,
Group II: Z350+ NaOCl, Group III: Z350+ TiF4, Group IV: P90, Group V: P90+
NaOCl, Group VI: P90+ TiF4 according to manufacturer’s instruction. Then samples
were subjected to shear bond strength (SBS) test using universal testing machine and
data were analyzed using ANOVA and Tukey tests (p< 0.05).
Results: Application of 5% NaOCl caused a significant decrease in SBS of nanofilled
composite resin (p= 0.004), and also silorane based composite resin (p= 0.006). Application of 4% TiF4 caused a significant increase in SBS of silorane based composite
resin (p= 0.001). The effect of TiF4 on nanofilled composite was not statistically significant.
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Conclusion: Using TiF4 has a positive effect on increasing the shear bond while
NaOCl has negative effect on bond strength.
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Introduction
Materials that contain fluoride release different levels of

um fluoride (NaF), Tin (II) fluoride (SnF2), acidulated

fluoride that can prevent caries production. Topical flu-

term beneficial materials, titanium tetrafluoride (TiF4)

orides such as metal fluorides, especially titanium tetra-

has been shown to offer greater protection against caries

fluoride, have become popular in the recent dental stud-

and tooth erosion. The unique interaction of TiF4 with

ies due to their unique interaction with dental hard tis-

tooth structure leads to the formation of a resistant tena-

sue. [1-3] While commonly used fluorides such as sodi-

cious coating, referred as glaze-like layer, on the tooth

phosphate fluoride (APF) may not be considered as long
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surface, [4] and it has a significant rapid uptake of fluo-

2mm from central groove and parallel to the occlusal

ride in enamel, dentin, and root surface. [5-6] The ad-

surface using a diamond disk (4138, KG soren son, Ba-

vantage has been related to the titanium group present in

rueri, SP, Brazil) under water cooling. [22] The root of

the compound which synergizes the effect of fluoride.

the sectioned teeth were embedded in cylindrical alu-

[6-7]

minium blocks of 2cm diameter and 2.5cm height and
Different studies that used TiF4 or sodium hypo-

stabilized in acrylic resin, 1.0 mm below the CEJ. Then,

chlorite (NaOCl) as pretreatment have reported different

the occlusal surfaces of the teeth were ground to pro-

results. [1] Devabhaktuni and Manjunath concluded that

duce a flat and smooth dentin surface with 600-grit sili-

application of TiF4 on dentin did not significantly affect

con carbide abrasive paper under constant water spray.

the bond strength of the composite resin. [8] Irrigation

[23-24] In this study, a halogen light polymerizing unit

solutions and medications used during dental treatment

(optilux501, sybronkerr, Danbury, CT. USA) with light

may lead to changes in the chemical and physical prop-

intensity of 600mW/cm 2 was used for curing the adhe-

erties of dentin. [9-10] One of the most commonly used

sive and resin composites.

irrigation solution and intracanal dressing are 0.5% so-

TiF4 (Sigma Aldrich, USA) was dissolved in de-

dium hypochlorite. [11] This alkaline material reacts

ionized distilled water to achieve a concentration of 4%

with organic tissue, changing the chemical structure and

(wt/v; PH 1.2). [25] The teeth were randomly assigned

affecting the mechanical properties of dentin. [12-13] In

to six groups of ten teeth (n=10). Plastic cylinders with

untreated dentin, tensile strength varies with location

an inner diameter of 3mm and a height of 2mm were

and orientation of dentinal tubules. [14] NaOCl has

used to produce composite blocks. The composite resins

been used on dentin as a deproteinizing agent. [15-16]

applied over central part of prepared dentin, considering

Recently, a new category of resin composites,

the manufacturersʹ recommendations as follows:

named nanofilled composites, were developed. [17-18]

Group I in which the procedure was etching for15

It has been proven that composites with more filler con-

seconds with 37% phosphoric acid gel (3M, ESPE,

tent such as nanofilled composites have better mechani-

USA), rinsing for 15 seconds with water, gentle air dry-

cal properties. [19]

ing plus applying two consecutive coats of single bond

In the new class of low shrinking composites

(3M, ESPE, USA), drying gently for 2-5 seconds, light-

based on silorane technology, the silorane resin replaces

curing for 10 seconds, applying nanofilled composite

the conventionally used methacrylate resin matrix with-

resin (Z350) (3M, ESPE, USA), finally light polymeri-

in conventional dental composites; thereby, providing

zation for 40 seconds.

lower polymerization shrinkage as well as better hydrolytic stability. [20-21]

The procedures in group II were similar to those
in group I except that in this group prior to acid applica-

Little information is available about the effect of

tion, the exposed dentin surfaces were produced by the

TiF4 4% and NaOCl 5% on shear bond strength of nan-

application of 5% NaOCl (Merck, Germany) by drip

ofilled and silorane based composite resins. The aim of

pan for 2 minutes. Then the NaOCl-treated surfaces

this study was to determine the in-vitro effect of TiF4

were rinsed thoroughly for 60 seconds. [24]

and NaOCl application on the shear bond strength of
these two composite resins to dentin.

The procedures in group III were similar to those
in group I; however, after acid application and before
the application of single bond, the exposed dentin sur-

Materials and Method
In this experimental study, sixty intact extracted human

faces were produced by the active application of 4%

maxillary premolars were used. They were without any

surface was then rinsed thoroughly for 30 seconds.

TiF4 by microbrush for 60 seconds; the TiF4 treated

caries, cracks, or fractures and extracted for orthodontic

In group IV, the procedures were consequently the

reasons. The teeth were hand-scaled and stored in solu-

application of one coat of the silorane system primer for

tion of 0.5 % chloramine T for 24 hours and then stored

15 seconds with gentle agitation using fully saturated

in distilled water until to the time of use. Middle dentin

applicator, gentle air drying to evaporate solvent, light

was exposed by sectioning the crowns at a depth of

polymerization for 10 seconds, application of silorane
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bonding to the entire preparation and gently air drying

the effect of composite type on the shear bond strength

until the bonding was spread to an even film and light

and showed that without any pretreatment, the shear

polymerization for 10 seconds. Then, application of

bond strength of Z350 is significantly higher than P90

silorane based composite resin (P90) (3M, ESPE, USA)

(p= 0.001). At the time of NaOCl application, the shear

with light polymerization for 40 seconds was performed

bond strength of Z350 (group II) is significantly higher

respectively.

than P90 (group V) (p= 0.005). When using TiF4 solu-

The procedures in group V were similar to those
in group IV except that in this group before self-etch

tion there was, no significant differences between Z350
(group III) and P90 (group VI) (p= 0.363).

primer application, the exposed dentin surfaces were
produced by the application of 5% NaOCl by drip pan
for 2 minutes, and the NaOCl-treated surfaces were then
rinsed thoroughly for 60 seconds. [24]
The procedures in group VI were similar to those
in group IV; however, in this group before self-etch
primer application, the exposed dentin surfaces were
produced by the active application of 4% TiF4 by microbrush for 60 seconds, and the TiF4 treated surface
was then rinsed thoroughly for 30 seconds. [25]
The test specimens were then stored in distilled
water at 37°c for one day before being subjected to the
shear test. [23] Shear bond strength (SBS) testing was
performed using the universal testing machine (ZwickRoell; Z250, and Germany).

Figure 1: The mean shear bond strength of two composites.
The vertical axis has shown the mean bond strength (MPa) and
horizontal axis has shown pretreatment material type.

Statistical analysis

Mean values of the different study groups were com-

Finally, to evaluate the effect of TiF4 and NaOCl

pared using two-way ANOVA, followed by Student t-

pretreatments on the shear bond strength of each com-

test and one-way ANOVA followed by Tukey HSD,

posite, one- way ANOVA and Tukey HSD tests

and were processed using SPSS version 17. P-value of ≤

showed that application of NaOCl on the dentin surface

0.05 was considered significant.

before etching lead to significant reduction of bond
strength in Z350 (p= 0.004) while using this pretreat-

Results
The mean and standard deviation of 6 study groups

ment before priming dentin surface led to significant

shear bond strength is summarized in Table 1.

TiF4 on dentin surface after etching has no significant

reduction in bond strength of P90 (p= 0.006).Using
effect on bond strength (p= 0.918) while application of

Table 1: The mean shear bond strength of two composites and
pretreatment materials (a = p≤ 0.05, b = p≤ 0.01, c = p≤ 0.001)

TiF4 before priming dentin surface caused significant
increase in bond strength of P90 (p= 0.001).

Groups
1
2
3
4
5
6

Z350 (I)
Z350+NaOCl (II)
Z350 +TiF4 (III)
P90 (IV)
P90 + NaOCl (V)
P90 + TiF4 (VI)

Mean±SD

Significant Differences

21.43±2.03
18.59±2.29
21.1±0.64
18.1±1.79
15.9±1.22
20.7±1.19

I vs. II (b),IV (c),V (c)
II vs. I (b), III (a), V (b), VI (c)
III vs. II (a), IV (c), V (c)
IV vs. I (c), III (c), V (b), VI (c)
V vs. I(c), II (b), III(a), IV(b), VI(c)
VI vs. II (c), IV (c), V (c)

Discussion
Exposure to high levels of fluoride, during tooth formation and also after it, can play an important role in
caries prevention. Fluoride releasing materials may be
classified into different groups such as sodium fluoride,

Figure 1 shows the mean bond strength of two

potassium fluoride, titanium tetrafluoride, and so on.

composites after application of TiF4 and NaOCl pre-

[26] From those groups, TiF4 solution has been consid-

treatments. Two-way ANOVA test showed that compo-

ered as a smear layer modifying agent in recent years.

site pretreatment-materials (NaOCl and TiF4) had sig-

[19] Bridi et al. [25] observed similar results in penetra-

nificant interactions. Student t-test was used to evaluate

tion of different adhesive systems to dentin with and
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without the use of TiF4, so the same resin tags in num-

strate. In this way, nanometric porosities of intertubular

ber and length could explain the result obtained in the

dentin created by the NaOCl treatment were not reached

group I and group III of our experimental groups.

by monomer, leaving an adhesive interface with voids.

The shear bond strength of group VI is significant-

This may explain the lowering of bond strength in the

ly higher than that of the control group. This statistically

using of NaOCl. [24] Ebrahimi et al. [23] showed that

significant difference may be due to the fact that si-

the decrease of bond strength as a result of the use of

lorane primer with the pH of 2.4 is considered relatively

NaOCl can also be attributed to damages to the organic

mild. [27] This leads to dentin decalcification being

matrix of dentin, especially to collagen fibers. Approx-

resumed to a few hundredths of nanometers contributed

imately, 22% wt of dentin is composed of organic mate-

to shorter resin tag formation while using 4% TiF4. Cho

rials, which predominantly consist of type I collagens

et al. showed that the application of phosphoric acid

that have an important role in the mechanical properties

etching before silorane system adhesive caused higher

of dentin. NaOCl reacts with amino acids of dentin pro-

bond strength to dentin [22]; hence, the wear caused by

teins and breaks down peptide chains; therefore, it may

active mode application of 4% TiF4 and rinsing the

change the mechanical properties of dentin by destroy-

TiF4 and smear layer in group VI may be responsible

ing the organic content of dentin. They showed that

for the higher bond strength in this group compared to

NaOCl damages the organic component of dentin;

the control group.

therefore, organic monomers do not sufficiently pene-

Wettability is one of the most important physico-

trate into the demineralized dentin, resulting in a lack of

chemical surface properties and NaOCl is a non-specific

proper bond strength. [23] Owing to the similarities

proteolytic material which can remove organic materials

between the findings of the present study and those of

and magnesium and carbonate ions. [23] Previous stud-

Ebrahimi et al., [23] it can be suggested that the applica-

ies have shown that after NaOCl treatment of dentin, an

tion of 5% NaOCl offers a credible explanation for the

increase in wettability is expected because collagen

decrease of bond strength in nanofilled and silorane

removal produces a hydrophilic surface. The complete

resin composites.

removal of organic components of the demineralized

A part of this study was designed to evaluate the

collagen matrix by NaOCl also increases the porosity of

bonding capacity of self-etching adhesives against the

the intact dentin. The present study showed that the use

established total-etch products. Self-etching adhesives

of 5% NaOCl significantly decreased shear bond

are newer compositions, developed to simplify and re-

strength of single bond and silorane adhesive to dentin

duce technique sensitivity of dentin bonding systems.

(p< 0.05). This is in accordance with the findings of the

[29] In this study, the self-etch adhesive resulted in low-

previous studies. [23-24, 28]

er bond strength to dentin than total-etch adhesive (p<

Current dentin priming monomers are usually dis-

0.05). The adhesive system of silorane based restorative

solved in acetone and/or ethanol which can displace

system is a self-etching adhesive and is exclusively for

water from the dentin surface and from the moist colla-

use with silorane based composite. [30] It is known that

gen network, thus promoting the infiltration of the mon-

the silorane system adhesive is composed of an acidic

omers through the nano spaces of the dens collagen web

hydrophilic one step primer of the self-etching type,

and enhancing bond strength. The resin replaces the

with pH of 2.7, which is considered relatively mild. [27]

water within the pores between the collagen fibers. Sin-

Mine demonstrated that mild pH of silorane primer

gle bond and silorane adhesive are alcohol based and

leads to dentin decalcification being resumed to a few

the weak water chasing capability of the volatile resin

hundreds of nanometers. [31] It is stated that a hydro-

solvent appears not to displace the water effectively

phobic resin adhesive (silorane bond) must be applied

from the intertubular network, resulting in less resin

and light activated independently. [32] The relatively

infiltration through the collagen network, so single bond

high amount of HEMA keeps this resin solution ho-

and silorane adhesive diffuses very slowly to the inter-

mogenous and prevents separation of the primer phases,

tubular network. This short dwell time is insufficient to

but makes it vulnerable to water sorption. Pucci et al.

permit a full diffusion of the monomer into the sub-

pointed that the silorane-based primer may be consid-
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ered a one-step adhesive system, as the primer is light

specialreference to uptake of F. Caries Res. 1981; 15:

cured. [33] This may justify the low bond strength val-

468- 476.

ues of silorane-based primer compared to the two-step
adhesive system.

[6] Wefel JS, Harless JD. The effect of topical fluoride
agents on fluoride uptake and surface morphology. J Dent
Res. 1981; 60: 1842-1848.

Conclusion
Within the limits of the present study, it can be concluded that nanofilled composite resin has higher shear bond

[7] Tezel H, Ergücü Z, Onal B. Effects of topical fluoride
agents on artificial enamel lesion formation in vitro.
Quintessence Int. 2002; 33: 347-352.

strength than silorane based composite resin. The use of

[8] Devabhaktuni S, Manjunath M. Effect of 4% titanium

4% TiF4, before silorane based composite system, can

tetrafluoride application on shear bond strength of com-

increase the shear bond strength but using 5% NaOCl

posite resin: An in vitro study. J Conserv Dent. 2011; 14:

reduced the bond strength of both composite resins to
dentin.

43-45.
[9] Slutzky-Goldberg I, Maree M, Liberman R, Heling I.
Effect of sodium hypochlorite on dentin microhardness. J
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