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   bjective: The objective of this study was to evaluate the effect of desensitizing agents containing different amounts of fluoride

on the shear bond strength of a dual polymerized resin cement and a resin-modified glass ionomer cement (RMGIC) to dentin.

Material and Methods: One hundred human molars were mounted in acrylic resin blocks and prepared until the dentin surface was

exposed. The specimens were treated with one of four desensitizing agents: Bifluorid 12, Fluoridin, Thermoline and PrepEze. The

remaining 20 specimens served as untreated controls. All groups were further divided into 2 subgroups in which a dual polymerized

resin cement (Bifix QM) or a resin-modified glass ionomer cement (AVANTO) was used. The shear bond strength (MPa) was

measured using a universal testing machine at a 0.5 mm/min crosshead speed. The data were analyzed statistically with a 2-way

ANOVA, Tukey HSD test and regression analysis (α=0.05). The effect of the desensitizing agents on the dentin surface was examined

by scanning electron microscopy. Results: The fluoride-containing desensitizing agents affected the bond strength of the resin-

based cements to dentin (p<0.001). PrepEze showed the highest bond strength values in all groups (p<0.001). Conclusion: Regression

analysis showed a reverse relation between bond strength values of resin cements to dentin and the amount of fluoride in the

desensitizing agent (p<0.05).
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INTRODUCTION

During conventional tooth preparation, approximately 1.2

to 1.5 mm of tooth structure is removed to ensure appropriate

crown contours and adequate occlusal clearance28. After

preparation, 23,000-35,000/mm2 dentinal tubulus, 1 to 2 mm

from the pulp and 19,000 mm2 dentinal tubules subjacent to

the amelodentinal junction are exposed33,34 and may cause

dentinal hypersensitivity3,10,31. Brannström’s hydrodynamic

theory can explain the dentinal hypersensitivity5,6. This theory

suggests that chemical, thermal, or osmotic stimuli cause the

fluid within the tubules to flow inward or outward, creating a

mechanical disturbance which can excite nerve fibers in the

pulp and induce pain5,6.

There are several treatment options for managing dentinal

hypersensitivity. Chemical or physical agents are used to either

desensitize the nerve or to cover the exposed dentinal tubules3.

Other treatments for the dentinal hypersensitivity involve

occlusion of dentinal tubules, application of sedative agents,

and promotion of dentin remineralization16,29. Several types of

dentin desensitizers, such as varnishes, antiinflammatory agents,

tubular obturating procedures, or dentin bonding agents and

restorative resins may be applied to the tooth after cavity and

crown preparation19,29,35. Desensitizing agents stimulate mineral

deposition or occlude dentinal tubules to reduce dentinal

hypersensitivity19. Adhesives or fluoride solutions may be

applied to the exposed dentin surfaces to prevent dentinal

hypersensitivity by sealing the open dentinal tubules4,9,12,25. In

addition, primers containing glutaraldehyde and hydroxymethyl

methacrylate (HEMA) can also reduce hypersensitivity by

occluding dentinal tubules, possibly by precipitating plasma

proteins in the dentinal fluid7,8.

Topical methods are widely used for dentinal

hypersensitivity because of their convenience and immediate

effect3,18,27. Topical desensitizers and dentifrices containing

sodium fluoride, calcium fluoride, ferric, aluminum and

potassium oxalates are the first choice treatments for dentinal

hypersensitivty14,15,18,24,27,31.The desensitizing effects of fluoride

occur when precipitated fluoride compounds mechanically

block exposed dentinal tubules or fluoride within the tubules
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blocking transmission of the stimuli3.

As a treatment option, fluoride varnish forms globules of

calcium fluoride both on the enamel and dentin surface, which

act as reservoirs for releasing fluoride into the dentin tubules9.

As a result, this agent reduces dentinal hypersensitivity9, but

decreases the bond strength of composite resin to dentin11,18.

Cementation is one of the reasons of hypersensitivity20.

Cement may cause tooth sensitivity by the pressure created by

cement before setting20. The cement can displace an equal

amount of dentinal fluid, which may cause excessive hydrostatic

pressure and resultant irritation of pulpal tissues20. Sealing of

dentin with a desensitizing agent before cementation greatly

decreases the hypersensitivity31. Desensitizing agents can be

applied on prepared tooth surfaces to avoid complications

during fabrication of restoration13,20. Various cements such as

zinc phosphate, zinc polycarboxylate, conventional glass-

ionomer cements (GICs), classified as acid-base cements, have

been used for luting restorations2,23,33. A previous study showed

that when GIC was used, sensitivity was frequent if the

remaining dentinal thickness was less than one millimeter30.

This sensitivity may be caused from the prolonged low pH of

cement during setting and/or hydrostatic pressure that enabled

the cement to enter dentinal tubules37.  However, this information

cannot explain the long lasting hypersensitivity reported by

the patients.

In order to decrease the hypersensitivity, desensitizing

agents are used before cementation. However it was reported

that the use of desensitizing agents affects the bonding between

dentin and luting material31. Durable bonding between dentin

and luting materials in such cases is one of the most important

factors for avoiding detachment of restorations as well as the

prevention of microleakage, secondary dental caries and tooth

fracture13,29. Some ingredients contained in dentin desensitizers

may induce chemical interaction with dentin organic substances,

and this may affect the sealing and bonding characteristics of

the luting agents1,29.

This study aimed to evaluate the effect of 4 different

desensitizing agents containing different amounts of fluoride

on the shear bond strength of a dual polymerized resin cement

and a RMGIC to dentin. Furthermore, dentin surfaces after the

application of the desensitizing agents were examined under a

field emission scanning electron microscope (SEM). The

research hypothesis of this study was that the increase in the

amount of fluoride in desensitizing agents could reduce the

bond strength of resin cements to dentin.

MATERIAL AND METHODS

The bond strength test was performed using 50 unrestored

and noncarious human third molars extracted due to periodontal

reasons. Teeth were cleaned mechanically and stored in 0.5%

chloramine at room temperature until use. Teeth were sectioned

at the cementoenamel junction and the coronal parts were

separated mesiodistally at the central groove with a water-cooled

diamond-coated disc (910D; Diatech, Goltene AG, Altstatten,

Switzerland). Specimens were then mounted, with the buccal

or lingual surfaces facing upwards, in plastic holders containing

autopolymerizing resin (Meliodent; Heraeus Kulzer Ltd,

Armonk, NY, USA). The buccal and lingual surfaces were

prepared with a standard-grit diamond rotary cutting instrument

(105-125 µm, Diatech) until the dentin surface was exposed,

then the dentin surface preparation was finished with a fine-

grit diamond rotary cutting instrument (45 µm, Diatech).

The specimens were divided into 5 groups each containing

20 specimens. The dentin surfaces on control group had no

surface treatment, remaining four groups were treated with

Bifluorid 12, Fluoridin, Thermoline and PrepEze desensitizing

agent according to manufacturer instructions, respectively.

Desensitizing agents were applied to dentin surfaces with a

cotton pellet. All desensitizing agents used in this study are

presented in Table 1. All procedures were performed by the

same investigator (S.K).

After the application of desensitizing agents, all groups were

divided further into 2 subgroups (n=10) in which a dual

polymerized resin cement (Bifix QM) or a RMGIC (Avanto)

were applied to the specimens according to manufacturer’s

instructions. A transparent plastic mold with a hole (6 mm

diameter and 2 mm height) in the center was used to place the

cements on the dentin surface. Before application of RMGIC,

dentin surfaces were etched with a 35% phosphoric acid gel

(Vococid; VOCO America, Inc., New York, NY, USA) for 15

s, rinsed with distilled water, and air dried. Two components of

Avanto primer (primers A and B) were mixed for 5 s in a ratio

1:1 and applied to dentin surfaces for 30 s. Avanto cement

liquid and powder was mixed in a ratio 1:1 and was placed into

the mold on dentin surface. For dual polymerized resin cement,

dentin surfaces of the specimens were acid etched (Vococid;

VOCO America, Inc.) for 15 s, rinsed and dried. The primer

(Solobond Plus Primer) and the adhesive (Solobond Plus

Adhesive) were applied to the dentin surfaces for 30 and 15 s,

respectively. Subsequently, the adhesive was polymerized for

20 s with a light-curing unit with an intensity of 600 mW/cm2

Material    Contents Batch Number Manufacturer

Bifluorid 12 2.71% sodium fluorid 360315 VOCO, Cuxhaven, Germany

2.92% calcium fluorid

Fluoridin 2.26 % sodium fluorid 480356 VOCO, Cuxhaven, Germany

Thermoline 1% sodium fluorid 490261 VOCO, Cuxhaven, Germany

1% calcium fluorid

PrepEze 0.5% sodium fluorid 102920 Pentron, Wallingford, Conn, USA

TABLE 1- Desensitizing agents
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(Astralis 3, Ivoclar, Vivadent, Schaan, Liechtenstein). The resin

cement was placed into the mold and polymerized for 20 s.

The specimens were stored in distilled water at 37°C for

24 h before testing. After storage, shear bond strengths were

measured in a universal testing machine (Lloyd LRX; Lloyd

Instruments PIC., Fareham, Hampshire, England) at a crosshead

speed of 0.5 mm/min. Data were analyzed by 2-way analysis

of variance (SPSS 12.0; SPSS Inc., Chicago, IL, USA). Means

and standard deviation of bond strengths were calculated and

mean values were compared by the Tukey HSD test (α=0.05).

Then, to evaluate the relation between the bond strength and

the amount of fluoride of desensitizing agents a regression

analysis was performed (α=0.05) (SPSS 12.0; SPSS Inc.).

To evaluate the dentin surface of the specimens after

application of the desensitizing agents, for each group one tooth,

totally 5 additional teeth were prepared and the desensitizing

agents were applied to them. Acid etching was not applied to

these specimens. Subsequently, specimens were gold sputtered

with a sputter coater (S150B; Edwards, Crawley, England) and

examined by a field emission SEM (JSM-6335F; JEOL Ltd,

Tokyo, Japan) at 15.0 or 20.0 kV. The SEM photomicrographs

were developed with ×2,000 magnification for visual inspection.

In addition, a stereomicroscope (Stemi 2000-C; Carl Zeiss,

Gottingen, Germany) at a magnification of ×10 was used to

evaluate the type of failure. The nature of the failure was noted

as adhesive, cohesive, or mixed.

RESULTS

The results showed that the type of desensitizer agent,

cement and their interactions were statistically significant

(p<0.05). The type of desensitizer affected the shear bond

strength of resin cements to dentin significantly (p<0.05). For

all desensitizer groups, the dual polymerized adhesive resin

cement showed higher bond strength values than the RMGIC

(p<0.05) except Bifluoride 12 groups (p>0.05). Application

of Bifix QM after dentin surfaces treated with PrepEze showed

the higher shear bond strength values (8.09) than the other

groups (p<0.05). There were no significant differences between

application of Bifluorid 12 and Fluoridin cemented with either

the dual polymerized adhesive resin cement or the RMGIC

(p>0.05) (Table 2).

Regression analysis showed a reverse relation between bond

strength values of resin cements to dentin and the amount of

fluoride in the desensitizing agent (R2=0.70, p<0.05)

Mixed and adhesive fractures were the most common failure

FIGURE 1- Failure modes of the bonding between cements and dentin according to the applied desensitizing agents (n=10)

Groups Subgroups Mean ± SD

Control Bifix QM 4.90 (0.14)

Avanto 3.69 (0.20)a

Bifluorid 12 Bifix QM 2.65 (0.19)b,c

Avanto 2.27 (0.16)b,c

Fluoridin Bifix QM 2.70 (0.15)b

Avanto 2.15 (0.15)c

Thermoline Bifix QM 3.91 (0.27)

Avanto 3.26 (0.10)a

Prepeze Bifix QM 8.09 (0.68)

Avanto 4.79(0.10)

TABLE 2- Shear bond strength (MPa) for resin cement

subgroups

Same letters indicate statistically significant difference at

5% significnace level
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types for the groups. While mixed failures were seen with the

use of dual polymerized resin cement (70%), adhesive failures

were obtained with the resin modified glass ionemer cement

(60%) in the control groups. The specimens treated with

Bifluorid 12 or Fluoridin showed 100% of adhesive failures.

Cohesive failures were obtained only with the use of dual

polymerized resin cement in PrepEze (40%) and control groups

(10%) (Figure 1).

Exposed dentin tubules can be seen clearly in the control

specimen (Figure 2, A). SEM evaluation revealed that the dentin

tubules were covered with desensitizing agents (Figure 2, B-

E). Fluoride precipitants were seen on the dentin surface on

Figure 2, B and C.

DISCUSSION

It was hypothesized that 4 different desensitizing agents

with different amount of fluoride would affect the bond

strength of the 2 different resin cements to dentin. The

hypothesis is verified by the result of this study. The increase

in the amount of fluoride of desensitizing agents decreased

the bond strength of resin cements to dentin. While HEMA

and 0.5 % sodium fluoride-containing desensitizing agent

FIGURE 2- SEM micrographs of dentin surfaces of specimens treated with the desensitizing agents. A, control (no treatment);

B, treated with 2.71% NaF and 2.92% CaF-containing desensitizing agent (Bifluorid 12); C, treated with 2.26 % NaF-containing

desensitizing agent (Fluoridin); D, treated with 0.5% NaF and 35% HEMA-containing desensitizin agent (PrepEze); E, treated

with 1% NaF and 1% CaF-containing desensitizing agent (Thermoline). Original magnification ×2000

B

C D

E

A
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(PrepEze) demonstrated higher bond strengths, agents with

higher amount of fluoride demonstrated lower bond strength

values than control specimens. This reduction may result from

crystal precipitation9,11,26,29 during application of fluoride-

containing agents. These crystals are acid-resistant and may

chemically and physically prevent complete penetration of

the resin components of the dual polymerized adhesive resin

cement and RMGICs. Some investigations12,13,29 have shown

that fluoride-containing agents demonstrated lower bond

strength values to sound dentin than HEMA-containing

desensitizing agents12,13,29. Kolker, et al.16 evaluated the effect

of desensitizing agents categorized by their proposed

mechanism for decreasing the fluid flow in the dentinal tubules

on dentin permeability by resin occlusion, precipitation of

proteins and precipitation of crystals. Dentin desensitizing

agents tested showed a wide range of ability in reducing dentin

permeability and the agents that precipitate crystals into

tubules were more effective than others16.

The results of the present study show that HEMA-

containing desensitizing agent (PrepEze) increased the bond

strength of resin cements. HEMA, as an example of a

hydrophilic primer, is used to improve the infiltration of

adhesive monomers into demineralized dentin by wetting the

surface of collagen fibers and maintains the collagen network

in an expanded state by stiffening the collagen fibers12,13. In

addition, the increase in the bond strength of the group treated

with HEMA-containing desensitizing agent can be attributed

to the polymerization of HEMA leaving of a film of

polymerized material on dentin surface21,22. Also, HEMA

increases the infusion and impregnation of resin monomers

into the demineralized dentinal matrix. Thus, the interfacial

hybrid zone formed by HEMA must have played an important

role in enhancing the bonding of the resin materials17.

Based on the results of the present study, it is suggested

that the amount of fluoride affects the shear bond strength of

the cements. Higher fluoride amounts resulted in lower bond

strengths. The higher amount of fluoride covers more dentin

surface as seen in SEM photomicrographs. Although dentin

tubules were occluded completely in the image of the

specimen treated with HEMA and 0.5% fluoride-containing

agent (PrepEze) (Figure 2D), this group showed better bond

strength than the other experimental groups. This result can

be attributed to PrepEze being a resin-based desensitizing

agent. It is thought that an increase in precipitated crystals on

dentin surface with higher amount of fluoride results in the

weaker bond strength. Wolfart, et al.35 evaluated the effect of

on one low filled, one highly filled resin sealers and one

HEMA-containing desensitizing agent on shear bond strength

of conventional glass ionomer cement to dentin by comparing

with calcium hydroxide suspension. Those authors35 reported

that a low filled resin sealer and a HEMA-containing

desensitizing agent did not show any differences in bond

strength compared to the standard desensitizing method using

calcium hydroxide suspension. The use of highly filled resin

sealer had a significantly negative effect on bonding when

compared to control. In another study32, the effect of enamel

etchant and a desensitizer (PrepEze) on the bond strength of

orthodontic resin to enamel. PrepEze significantly decreased

the bond strength of the resin, which is contrary to the findings

of the present study32. This difference can be attributed to the

treated surfaces. While those authors35 used enamel surfaces

in the present study dentin surfaces were used to simulate the

prepared tooth surfaces for fixed partial dentures.

In this study, all desensitizing agents showed lower bond

strength values with RMGIC (p<0.05). For the RMGIC,

adhesion is probably achieved by a combination of chemical

bonding, which occurs between carboxylic acid (COOH)

group of cement and calcium ions of dentin, and the

micromechanical bonding mechanism described for resin-

based adhesives2,36. The better performance of RMGICs

compared to conventional GICs could be due to their expected

dual mechanism of adhesion2. Resin cements are composites

of a resin matrix, such as bis-GMA or urethane dimethacrylate,

and fine inorganic particles as filler 33. Because of their

successful use in the cementation of resin bonded fixed partial

dentures, the popularity of these materials has increased

recently for crown cementation because of their use in

conjunction with dentin bonding agents. Also, their mechanical

and physical properties are better than that of other cements

and their bond strength to dentin is higher than that of

RMGICs23,33.

When the failure modes were investigated, groups in which

resin cement was used showed mixed failure. Also, in the

group in which resin cement was used preceding the HEMA-

containing desensitizing agent, cohesive failure was observed,

which were considered when more than 50% of the adhesive

cement remained on dentin surfaces, implying that their

interface is stronger than the material’s cohesive strength.

Therefore, the interfacial strength is greater that the recorded

numerical data.

The pH value of the desensitizing agents may play a role

on the bond strength of cements because of the effect on the

solubility parameters of the materials. However, the pH of

the desensitizing agents, except for Bifluoride 12 (pH: 5.6),

were informed as unknown by the manufacturers.

In the present study, the highest bond strength values were

obtained with HEMA-containing desensitizing agents.

According to this result, it may be inferred that the bond

strength of resin cements to dentin is related not only with the

amount of fluoride, but also with the resin content of the

material.

In the present study, only 1 type of adhesive resin cement

and RMGIC and 4 types of desensitizing agents containing

different amounts of fluoride were used and tests were done

under in vitro conditions. Different results might be obtained

with different experimental conditions, such as aging or

fatiguing of specimens. Further research is necessary to

evaluate the effects of the desensitizing agents.

CONCLUSIONS

Within the limitations of this study, the following

conclusions were drawn:

1- All desensitizing agents used in this study reduced

the bond strength of resin cements to dentin, except for the
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HEMA-containing desensitizing agent (Prepeze).

2- The HEMA-containing desensitizing agent showed

higher bond strength values then control group.

3- The bond strength value of the resin cements to dentin

showed an inverse relationship with the amount of fluoride

of the desensitizing agents.
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