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ABSTRACT 

Background: Measuring and comparing shear bond strength after cementation by resin cement 

when using desensitizing agents versus diode laser in dentin desensitization. Objectives: To 

evaluate the difference between desensitizing agents and diode laser on shear bond strength 

between dentin and resin cement. Materials and methods: 2 mm standardized dentin samples were 

obtained from thirty molars to form sixty samples that were divided randomly into five groups 

(n=12). Group C (no surface treatment), Group GL (Gluma desensitizing agent was applied on 

dentin, Group BF (Bifluoride desensitizing agent was applied on dentin), Group DL2 (Diode laser 

2W was irradiated on dentin) and Group DL3 (Diode laser 3W was irradiated on dentin). All 

samples were cemented by resin cement then tested for shear bond strength using a universal testing 

machine. Data obtained was analyzed using one-way (ANOVA) (P ≤ 0.05) then Tukey post-hoc 

test. Representative samples from each group were analyzed using SEM. Results: There was 

significant difference between all groups but there was no significant difference between group (C, 

GL, DL2 and DL3) (10.87 MPa, 12.88 MPa, 9.81 MPa and 10.64 MPa) respectively. Significant 

difference was found between group (GL and BF) (12.88 MPa and 7.33 MPa) respectively. Lowest 

resin cement infiltration was observed under SEM in group (BF) having lowest shear bond strength. 

Conclusion: Bifluoride treatment had least shear bond strength and least resin cement infiltration, 

better not to be used in dentin desensitization before cementation. 
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INTRODUCTION  

A significant problem that affects 13 to 

74 percent of the population is 

Hypersensitivity, this is a huge percentage of 

patients when getting their teeth prepared, 

what is worse is that desensitizing dentin 

could affect the bond strength negatively 

afterwards.1-3  

Fortunately, there were many methods of 

desensitizing dentin which made a positive 

effect on hypersensitivity. Starting by the old 
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methods like anti-inflammatory drugs as 

corticosteroids and going through blocking 

the nerve activity by using potassium nitrate. 

New effective methods acting on blocking 

the dentinal tubules as calcium hydroxide, 

fluoride and oxalates, then the adhesives 

showed more positive effect as Gluma, 

ending by Diode Lasers that led to a 

noticeable decrease in the hypersensitivity.4  

To achieve the ideal effect of dentin 

desensitization, the pulp must not be irritated, 

relatively painless when applied, easy 

application, rapid action, permanently 

effective and do not discolor the teeth.5  

Desensitizing agents are the most 

frequently used treatment for dentin 

hypersensitivity which are applied on the 

exposed dentin after preparation, as it 

decreases the pain by occluding the tubules 

and also by altering the pulpal sensation 

nerve activity.6,7 

So, after analyzing many in-vitro studies, 

it was stated that Gluma had highest positive 

effect on decreasing hypersensitivity when 

compared by other desensitizing agents 

because of its components Hema that blocks 

dentinal tubules and Glutraldahyde that leads 

to coagulation and precipitation of protein 

plasma in dentinal tubules.8-10 while some 

other authors discussed that Gluma had 

almost no positive effect on 

hypersensitivity.11-13 

As well as, bifluoride that had positive 

effect on dentin desensitization in some 

studies.14 On the other hand the majority 

stated that the bifluoride had a negative effect 

on dentin desensitization.15  

Application of desensitizing agents 

affect the bond strength of resin to dentin, 

when the procedure of desensitization is done 

in office it is preferred to do adhesive 

restorations after two weeks, as the 

desensitizing agents remain in dentinal 

tubules preventing the cement to penetrate in 

the dentinal tubules.16  

Previous studies of scanning electron 

microscope (SEM) for the resin infiltration 

after treatment with Gluma showed the high 

infiltration of resin cement in the dentinal 

tubules leading to partial or complete 

blockage which was the reason for its positive 

effect on shear bond strength or at least no 

negative effect.17-21 On the contrary other 

authors claimed that Gluma showed 

significantly lower shear bond strength.22, 23 

While the Bifluoride SEM results of 

many studies showed the opposite of Gluma 

as it did not allow the resin cement to 

infiltrate to the dentinal tubules affecting 

shear bond strength negatively.24 But some 
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claimed that bifluoride application to the 

demineralized dentin might increase resin-

dentin bond strength by improving the 

mechanical properties of the dentin that led to 

high shear bond strength.25 

  Lasers (Light Amplification by 

Stimulated Emission of Radiation) existed in 

research from two decades ago in dentistry 

and their rising popularity among both 

dentists and patients is fast, it is indicated for 

a wide variety of dental procedures and it is 

available in two categories (Hard and Soft) 

tissue application.26 

 Diode laser is a type of lasers that 

mainly works on soft tissue, its wavelength 

980 nm and it is absorbed in pigmented tissue 

which are melanin and hemoglobin, its 

indication is in esthetic procedure as gingival 

depigmentation, gingival recontouring or 

gingivectomy, soft tissue crown lengthening, 

also could be used in exposure of soft tissue 

over partially erupted teeth, removal of 

hypertrophic tissue, frenectomy and photo-

stimulation of the aphthous and herpetic 

ulcers or lesions. They are less absorbed in 

the hydroxyapatite and enamel (hard 

tissues).26, 27 

 Various ways of Diode laser 

mechanisms that led to nerve fiber alteration 

such as coagulation of plasma and protein 

precipitation in the dentinal tubules, its low 

intensity that interferes with potassium ions, 

interaction with pulp causing 

Photobiomoudulating effect and finally the 

laser energy interference with the sodium 

pump mechanism that changed the membrane 

permeability, all led to an increase in dentinal 

tubules occlusion decreasing the dentin 

hypersensitivity.28-31 

The shear bond strength was affected 

positively when dentin was subjected to 

Diode laser irradiation as discussed by many 

authors as they concluded that the dentin 

surface treated with diode laser 980 nm 

showed the highest shear bond strength mean 

value compared to other types of laser and 

also the SEM showed irregular dentin surface 

without carbonization but with melted and 

sealed dentinal tubules apparently.32 

Oppositely some authors concluded that 

diode laser showed no positive effect on the 

shear bond strength resulted from complete 

coverage and sealed dentinal tubules that 

minimize the resin cement infiltration leading 

to low shear bond strength.33 

The null hypothesis that there is no 

difference between the effect of the 

Desensitizing Agent and Diode Laser on the 

shear bond strength. The objectives are to 

evaluate the difference between desensitizing 
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agents and diode laser on shear bond strength 

between dentin and resin cement. 

MATERIAL AND METHODS 

Sample size calculation: 

Since no published data could be found 

for estimation of sample size, we assume to 

design a two-way fixed effect study to detect 

large effect size (0.4). Using alpha (α) level 

of (5%) and Beta (β) level of (20%) i.e., 

power = 80%; the minimum estimated 

sample size was 12 specimens per group 

giving a total of 60 specimens. IBM® SPSS® 

Sample Power® Release 3.0. was executed for 

the sample size calculation.19, 34 

Sample Selection and Preparation 

Thirty human molars extracted from 

diabetic patients who suffered from bone loss 

that led to teeth mobility, that were obtained 

from the outpatient clinic at Misr 

International University after approval of the 

local research ethics committee (MIU-IRB-

1718-061). Two Standardized 2 mm dentin 

sections were obtained from each molar of 

average dimensions 9-10 width and 20-21 

height to form 60 samples using a microtome 

sectioning device (IsoMet precision cutting 

micro saw, Buehler, USA), the occlusal of the 

crown of the teeth were sectioned into two 

parts to expose the dentin and then roots were 

sectioned off at the level of the cemento-

enamel junction. Each dentin section 

measured approximately 7-8 mm in width 

and 6-7 mm in height, each dentin section 

was then imbedded in self-curing acrylic 

resin using a custom-made 1.5 × 1.5 cm with 

the dentin surface exposed at the surface that 

was then grinded using a yellow fine-grit 

diamond stone to simulate clinical smear-

layer formation.  

Sample procedure:   

The samples were numbered from 1-60 

using Microsoft Excel’s i random sampling 

tool then the 60 prepared samples were 

randomized and categorized into 5 groups 

(n=12). The procedure of applying surface 

treatments and cementation is shown in 

figure 1. 

In order to prevent the resin cement from 

spreading out, a standardized Catheter Tube 

2 mm in diameter was used, then sectioned 

into 60 equal parts 2 mm in height using a 

Figure (1): Model of the sample. A. Acrylic 

resin block, B. Dentin sample, C. Catheter 

tube holding the resin cement and D. Mixing 

tube of the resin cement. 
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sharp lancet. This was designed to illustrate 

the final cementation of the sample ( Figure  

2). 

To prevent laser irradiation from 

scattering two Acrylic Resin Templates were 

designed and milled by standardized 

measurements in laboratory, which was 6 mm 

inner diameter resembling the inner diameter 

of the laser handpiece and 8 mm outer 

diameter. One of them was 1 mm in height for 

the Diode Laser 2 W group and the other was 

2 mm in height for Diode Laser 3 W group 

(Figure 3).  Figure 4 was designed to 

illustrate the two acrylic resin templates 

measurements.  

Group (C) - the dentin surface received 

(Resin Cement) (C-Ram Itena) through the 

Catheter Tube and a 650 mW/cm2 LED light 

cure device (i LED-D, Woodpecker, Guilin, 

China) away 2 mm in distance for 20 seconds 

to be polymerized. 

Group (BF) - the dentin surface received 

(Bifluoride Desensitizer) by a micro brush in 

a very thin coat and it was allowed to be 

absorbed for 10-20 seconds and dried with air 

ship syringe upon manufacturer instructions. 

Then (Resin Cement) was applied and light 

cured following the same protocol as used 

with group (C).  

Group (GL) - the dentin surface 

received (Gluma Desensitizer) by a micro 

brush, left for 30 seconds and then water and 

air were applied using ship syringe upon 

manufacturer instructions. Then (Resin 
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Cement) was applied and light cured 

following the same protocol as used with 

group (C). 

Group (DL2) - the dentine surface 

received irradiation from (Diode Laser) with 

parameters 2W, continuous wavelength, for 

10 seconds, non- contact. The Diode Laser 

irradiation tip was placed away from the 

sample by 1 mm directed vertically with 90 

degrees through the 6 mm diameter hole of 

the 1 mm height customized acrylic resin 

template. Then (Resin Cement) was applied 

and light cured following the same protocol 

as used with group (C). 

Group (DL3) – the dentine surface 

received irradiation from (Diode Laser) with 

parameters 3W, continuous wavelength, for 

10 seconds, non- contact. The Diode Laser 

irradiation tip was placed away from the 

sample by 2 mm vertically with 90 degrees 

which was pointed through the 6 mm 

diameter hole of the 2 mm height customized 

acrylic resin template. Then (Resin Cement) 

was applied and light cured following the 

same protocol as used with group (C). 

Shear bond strength: 

To test the shear bond strength of the 

formed adhesive bond, a computerized 

universal testing machine (Instron, England) 

with a load cell of 500N was used, the shear 

force rod was set to travel at a crosshead 

speed of 0.5 mm/min. The bond strength was 

measured from the peak point on the stress-

strain curve (maximum stress) determined by 

the load cell of the testing machine. Results 

obtained were expressed in Megapascals 

(MPa). 

Scanning Electron Microscope (SEM) 

preparation and analysis: 

One additional sample was made in each 

group for analysis of resin cement infiltration 

in dentinal tubules using Scanning Electron 

Microscopy (SEM) (Quanta FEG 250, FEI 

Co., Netherlands) with an accelerating 

voltage of 30 K.V. and a magnification from 

2000 to 2500 X, the SEM images were 

analyzed using the software image ImageJ 

(ImageJ 1.52k, Wayne Rasband, NIH, USA). 

1. Sectioned Vertically: using the 

sectioning machine (IsoMet precision cutting 

micro saw, Buehler, USA), each sample was 

split into two equal sections to expose the 

adhesive layer. 

2. Decalcified: using 32% phosphoric 

acid for 30 seconds to remove all inorganic 

material within the hybrid layer that was not 

supported by resin. 

3. Deproteinized: using 2% sodium 

hypochlorite for 2 minutes to remove any 

demineralized dentin matrix or organic 
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material around the resin tags. This ensures 

full exposure of the resin tag length. 

4. Rinsed and Dehydrated: the samples 

are rinsed with water, air-dried, and 

submitted to 70%, 80%, 90%, and 99% 

alcohol concentrations for total elimination of 

the water content. 

Statistical analysis:  

The calculations for the mean and 

standard deviation values were done for each 

group in each test. Data were explored for 

normality using Kolmogorov-Smirnov and 

Shapiro-Wilk tests and showed parametric 

(normal) distribution. One-way ANOVA 

followed by Tukey post hoc test was used to 

compare between more than two groups in 

non-related samples. The significance level 

was set at P ≤ 0.05. Statistical analysis was 

performed with IBM® SPSS® Statistics 

Version 20 for Windows. 

RESULTS  

There was a statistically significant 

difference between (Group C), (Group BF), 

(Group GL), (Group DL2) and (Group DL3) 

where (p=0.017).  

No statistically significant difference 

was found between (Group C) and each of 

(Group BF), (Group GL), (Group DL2) and 

(Group DL3) where (p=0.175), (p=0.700), 

(p=0.961) and (p=0.998) respectively. 

Also, no statistically significant 

difference was found between (Group GL) 

and each of (Group DL2) and (Group DL3) 

where (p=0.516) and (p=0.229) respectively.  

While a statistically significant 

difference was found between (Group BF) 

and (Group GL) where (p=0.007). 

No statistically significant difference 

was found between (Group GL) and each of 

(Group DL2) and (Group DL3) where 

(p=0.298) and (p=0.611) respectively. Also, 

no significant difference was found between 

(Group DL2) and (Group DL3) where 

(p=0.984). 

The highest mean value was found in 

(Group GL) followed by (Group C), (Group 

DL3) and (Group DL2), while the least mean 

value was found in (Group BF) Table 1, 

Figure 5.  

 

 

                 Shear bond strength         

Shear stress at Maximum Compressive load 

 Variables    Mean                  SD 

Group1        10.87 ab                       0.51 

Group2        7.33 b                            0.94 

Group3        12.88 a                      1.34                   

Group4        9.81 ab                  0.94 

Group5        10.64 ab                0.98 

p-value          0.017* 

Table (1): Means with different l letters in the 

same column indicate statistically significance 

difference.  
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Scanning Electron Microscope Analysis of 

the Dentinal Tubules: 

1.a. Group (C); Normal dentin with 

neither surface treatment nor resin cement 

applied: SEM examination showed normal 

dentinal tubules with no resin cement 

infiltration (Figure 6). 

1.b. Group (C); Dentin with no surface 

treatment applied but with resin cement only:  

SEM examination showed high resin cement 

infiltration in dentinal tubules (Figure 7). 

2. Group (BF); Dentin after the 

application of Bifluorid Desensitizer surface 

treatment followed by resin cement: SEM 

examination showed no resin cement 

infiltration in the dentinal tubules due to the 

effect of Bifluorid Desensitizer which altered 

the resin cement infiltration (Figure 8). 

3. Group (GL); Dentin after the 

application of the Gluma Desensitizer surface 

treatment followed by resin cement: SEM 

Figure (7): Dentinal tubules after resin 

cement application with no surface treatment. 

Figure (8): Empty dentinal tubules after 

Bifluoride desensitizer application followed 

by resin cement. 
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examination showed the best infiltration of 

the resin cement in the dentinal tubules due to 

the effect of Gluma Desensitizer which did 

not alter the resin cement infiltration (Figure 

9). 

4. Group (DL2); Dentin after the 

application of Diode Laser with wattage 2W 

surface treatment followed by resin cement: 

SEM examination showed the least resin 

cement infiltration in the dentinal tubules due 

to the effect of Diode Laser with wattage 2W 

which altered the resin cement infiltration 

(Figure 10). 

5. Group (DL3); Dentin after the 

application of Diode Laser with wattage 3W 

surface treatment followed by resin cement: 

SEM examination showed few number of 

dentinal tubules filled with resin cement due 

to the effect of Diode Laser with wattage 3W 

which altered the resin cement infiltration 

(Figure 11). 

 

DISCUSSION 

Based on the findings of this study, the 

null hypothesis that there is no difference 

between the effect of the Desensitizing Agent 

and Diode Laser on the shear bond strength 

Figure (9): Dentinal tubules filled with resin 

cement after Gluma desensitizer application 

followed by resin cement. 

Figure (10): Empty dentinal tubules after 

application of Diode Laser with 2W surface 

treatment followed by resin cement. 
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was partially accepted. There was statistically 

significant difference found between the 

control, desensitizing agents and the diode 

laser when tested to shear bond strength on 

the dentin samples. 

The outcome results of this study showed 

that (Group GL) Gluma desensitizing agent 

had the highest shear bond strength, and 

statistically there was difference from (Group 

BF). This was confirmed under SEM done in 

this study, as it showed that the resin cement 

had the most infiltration through the dentinal 

tubules that led to the highest shear bond 

strength. These results agreed upon the 

conclusion of Soeno K23 who conducted that 

Gluma had the highest shear bond strength 

when compared to other desensitizers due to 

its composition which consist of 

Glutraldahyde and Hema that bind with 

protein within the dentinal tubules that led to 

dentinal tubules partial occlusion that led to 

an increase in the shear bond strength. And 

also, Dundar et al25 conducted that the use of 

Hema-induced rehydration mechanism 

allowing time for the penetration of the 

primer into dentin as it contained hydrophilic 

monomers that helped in rehydrating the 

collapsed dentinal tubules caused by air-

drying, as this facilitated the resin infiltration 

into the dentinal tubules. SEM images also 

supported these high shear bond strength 

values because the dentinal tubules were 

adequately sealed with the resin.35, 36 While 

Wang X10 disagreed as he stated in his study 

that the Gluma showed low shear bond 

strength as Gluma had complete dentinal 

tubules occlusion.  

The least shear bond strength shown in 

the (Group BF) Bifluoride desensitizing 

agent that had statistically difference than the 

(Group GL). This was confirmed under SEM 

done in this study, as it showed the least 

infiltration of resin cement in dentinal tubules 

that led to the least shear bond strength 

among the groups. These results agreed upon 

the conclusion of Sarac D24 who conducted 

that the Bifluoride have shown that fluoride-

containing agents demonstrated lower shear 

bond strength values as it produced a thick 

layer that led to total and complete blockage 

of the dentinal tubules that led to huge 

decrease in the shear bond strength.23 While 

Dundar et al25 disagreed as he reported that 

bifluoride application to the demineralized 

dentin might increase resin-dentin bond 

strength by improving the mechanical 

properties of the dentin that led to high shear 

bond strength.  

The laser groups (Group DL2, DL3) 

showed no statistically significant difference 
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from the (Group GL) and (Group C) in shear 

bond strength and there was no statistically 

significant difference in shear bond strength 

between (Group DL3) and (Group DL2) with 

the difference in wattage (DL3 = 3 W, DL2 = 

2 W) and distance between the laser tip and 

the sample (DL3 = 2 mm, DL2 = 1 mm) 

respectively, and 10 seconds exposure time 

for both Groups. These results were shown in 

the SEM by increase of infiltration of the 

resin cement in dentinal tubules in (Group 

DL3) more than (Group DL2). These results 

came in agreement with the results of other 

study done by Marto CM29 who mentioned in 

his study that the diode laser had better effect 

on shear bond strength was considered a low 

intensity laser which led to partial occlusion 

to dentinal tubules upon irradiation on dentin, 

which then showed that resin cement could 

infiltrate in dentinal tubules under SEM, and 

used non-contact mode and 10 seconds like 

the present study. Also Fawaz Y37 and Gupta 

T34 approved that the diode laser with wattage 

2 and 3 showed best results in shear bond 

strength with using non-contact mode and 

time of exposure 10 seconds like the present 

study.  

While Gabriel A33 disagreed with the 

present study as he concluded that the Diode 

Laser showed a negative effect on shear bond 

strength explaining that the samples treated 

with 980-nm Diode Laser had the lowest 

shear bond strength that derived from the fact 

that Diode Laser was not able to remove the 

smear layer from dentinal tubules which 

directly affect the shear bond strength 

negatively, he also used in his study a contact 

mode and 400-micron tip in contrast to the 

present study that used non-contact mode and 

the intra-oral tip.38   

CONCLUSION 

Based on the findings of this study, the 

following conclusions could be drawn: 

1- The untreated dentin, Gluma and 

Diode Laser surface treatments are 

comparable in shear bond strength between 

resin cement and dentin. 

2- The Bifluoride treatment had the least 

shear bond strength and least resin cement 

infiltration, better not to be used in dentin 

desensitization before cementation. 
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