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Abstract 

Background: Dentin hypersensitivity (DH) is a painful condition associated with challenging treatment options. 

Aims: This study aimed to evaluate the effectiveness of a diode laser (976 nm) for occluding dentinal tubules in vitro and to 

compare the effectiveness of this laser with that of the conventional chemical agent sodium fluoride gel in occluding the 

Dentinal Tubules. 

Materials and Methods: Ten extracted human premolars were utilized in the current in vitro experimental scanning electron 

microscopic (SEM) study. Using a diamond saw with coronal dentin from each tooth specimen, dentin disks 1.0 mm in 

thickness were cut perpendicularly to the long axis of each tooth. Ten dentin disks were prepared, and each specimen was 

divided into four equal parts, pretreated with ethylenediaminetetraacetic acid (17%), and subsequently divided into four 

groups: (Group 1) the control group, (Group 2) the 976 nm diode laser with a power of 1 watt, (Group 3) the sodium fluoride 

only group and (Group 4) the combined laser and sodium fluoridearnish group. The samples were analysed using a scanning 

electron microscope at different magnifications (100 µm, 50 µm, 20 µm, and 2 µm). ANOVA was used to compare the 

differences in dentinal tube diameter among the four groups, with the level of significance set at a P value ˂0.05. 

Results: Group 1 (control, no treatment) had all the dentinal tubules opened. Both the laser group and the sodium fluoride 

group demonstrated partial occlusion and narrowing of most of the dentinal tubules, while the combined group showed total 

occlusion of almost all of the dentinal tubules. There was a statistically significant difference between the four groups 

regarding the diameter of the dentinal tubules.  

Conclusions: The combination of a diode laser (976 nm), 1 W, and sodium fluoride varnish significantly affected dentinal 

tubule occlusion, thus preventing DH. 
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Introduction 

Dentin Hypersensitivity DH is one of the most painful 

dental conditions caused by extrinsic stimuli on the exposed 

dentin surface [1]. The incidence of DH has been reported to 

range from 8–35% of individuals depending on the 

population samples studied and it is more common in 

women than in men [2]. Sodium fluoride gel (NaF), which is 

a tubule-occluding agent, is the most commonly used agent 

for the treatment of DH through the precipitation of calcium 

fluoride in the tubules [3, 4, 5]. Covering the dentinal tubules 

with composite restoration, glass ionomer cement, 

periodontal graft, or crown placement is another effective 

treatment [6]. Lasers are promising alternative treatments for 

DH that have revolutionized the dental field [7]. The exact 

mechanism of action of lasers in DH is not completely 

understood. Several theories, such as photobiomodulation of 

odontoblastic cells, elimination of dentinal tubules, 

thermomechanical ablation of dentinal fluid, and blockade 

of C and Aβ nerve fibres, have been proposed [8, 9]. Using 

laser irradiation combined with chemical agents such as 

sodium fluoride and stannous fluoride can enhance 

treatment efficacy compared to using a laser alone [10] 

Inspite of many treatment modalities that are used in the 

treatment of DH by occluding dentinal tubules, such as 

lasers or conventional desensitizing agents, the combination 

of the laser and the desensetized agent (Sodium Flouride 

varnish) should be investigated more. The objective of this 

study was to assess and compare the Occluding effect of a 

1-Watt diode laser (976 nm) and sodium fluoride varnish on 

dentinal tubules by scanning electron microscopy (SEM). 

 

Materials and methods 

Experimental in vitro SEM study (posttest design). A total 

of ten sound premolars extracted for orthodontic reasons 

were collected for this study. These premolars were 

collected from orthodontics clinics in Khartoum State, 

autoclaved at 121°C and 15 lbs psi for 20 min, and stored in 

deionized water. The study was conducted at the Laser 

Institute, Sudan University of Science and Technology 

(SUST). The sample size was determined according to the 

study's power of 86% (0.86) [11]. Coronal dentin disks 1.0 

mm in thickness were cut perpendicular to the long axis of 

each Specimen at a level 1.0 mm above the cementoenamel 

junction with a diamond saw using a low motor headpiece 

(Southeast Dental Supply, Japan). To determine the surface 

morphological changes in the dentin samples, a central area 

5×5 mm in diameter on the dentin disks was the 

experimental area. Dentin specimens were selected; each 



International Journal of Dental Research  www.dentaljournal.net 

43 

specimen was divided into four equal parts for control and 

testing. All four parts were immersed with 

ethylenediaminetetraacetic acid (EDTA) (Enpunuo EDTA 

Root Canal Lubricant, China) for 1 min and then cleaned 

with distilled water for 30 seconds [12] The study specimens 

were devised into four groups as follows: Group 1, control 

no treatment; Group 2, treated with a 976 nm diode 

laser(SOLASE dental diode laser, LAZON, China); Group 

3, Specimens were polished with sodium fluoride(Enamelast 

fluoride varnish, SX-ultradent, China); and Group 4, treated 

with a combination of laser and sodium fluoride varnish. 

Notably, Group 3 and Group 4 were irradiated three times—

during the second and third sessions (24 and 48 hours, 

respectively) [13]. After the initial session—for a duration of 

20 seconds with a 976-nm diode laser and a power of 1 

Watts [13]. The control (samples were used without any 

further treatment), the second group was treated with NaF 

only, and the third group was irradiated with a diode laser 

device [wavelength: 976 nm; power: 1 W; irradiation time: 

20 s; irradiation mode: continuous pulse mode; distance: 1 

cm; fibre delivery system: 400 μm; noncontact mode] [13]. 

While the last group was first exposed to laser radiation for 

20 and, Naf was subsequently applied for 4 minutes 

according to the manufacturer's directions. To detect the 

effects of the diode laser and sodium fluoride varnish on the 

dentinal tubules, all the samples were analysed at room 

temperature using a scanning electron microscope (SEM) 

(Jeol JSM 840-A, Japan). The specimens were primarily 

dehydrated in blue silicon and attached to aluminum stubs. 

Different magnifications (100 µm, 50 µm, 20 µm, and 2 

µm) were observed from the center of each sample in each 

of the four groups [14]. 

The study was approved by the Ethical Committee of the 

Sudan University of Sciences and Technology (SUST), 

Institute of Laser. Patients were asked to leave their teeth 

voluntarily for the purpose of the study, and those who 

agreed signed an informed written consent. 

The data were analysed using SPSS, version 21 (Chicago, 

Illinois, USA). Based on the studied groups, descriptive 

statistics (mean and standard deviation) of the diameter of 

the tubules and the area were computed (Figure 1). T tests 

and ANOVAs were used to compare different parametric 

data. A P value ˂0.05 indicated a statistically significant 

difference.  

 

Results 

Scaning electron microscopic pitures showed was a change 

in the surface morphology of the dentinal tubules among the 

four groups, with Group 1 (control- no treatment) 

demonstrating the opening of all the dentinal tubules (Group 

1 in Figure 2). In contrast, both Group 2 (diode laser alone) 

and Group 3 (sodium fluoride-alone) exhibited partial 

occlusion and narrowing of most of the dentinal tubules. 

Compared with Group 2, Group 3 exhibited greater 

occlusion, (Fig. 2). All the dentinal tubules in Group 4 were 

nearly occluded. 

 

 
 

Fig 1: The mean diameter of tubules and mean area of tubules for 

the studied groups
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Fig 2: SEM images of each sample in the studied groups at different magnifications 
 

A comparison of the four groups in terms of the diameter 

and width of the dentinal tubules revealed a statistically 

significant difference between Group 1 and Group 4, with a 

p value of 0.016. There was a statistically significant 

difference between Group 3 and Group 4 (p=0.044). There 

were statistically significant differences in the diameter of 

the 5×5 mm area on the dentin disks between Group 1 and 

Group 4 (p=0.024). In contrast, statistically significant 

differences between Group 3 and Group 4 were shown, with 

a p value of 0.027. Analysis of variance (ANOVA) was 

performed for the variables according to the studied groups 

(TEST) to compare the diameter of the tubules and area 

among the four groups. The significance values were 

P=0.014 for the diameter of the tubules and P=0.013 for the 

area; both of these values are ˂0.05, indicating that there are 

statistically significant differences between the groups. 

Therefore, the null hypothesis was rejected, and the 

alternative hypothesis was accepted. 

 

Discussion 

Treatment of DH is challenging, and occlusion of the open 

tubules should be the focus, reducing the flow of fluid 

within the dentinal tubules and subsequently reducing pain 

transmission [15]. Treatment options for DH include the use 

of a specific toothpaste, therapy with laser therapy, fluoride 

therapy, desensitizers, gingival surgery, or restorations [16]. 

Several previous studies have used higher energy (1 W) 

densities to provoke dentinal melting, leading to occlusion 

of the dentinal tubules; if the laser parameters are well 

adapted, this could reduce the thermal effects that can be 

produced [17, 18]. Changes in the dentinal tubules at the 

microscopic level [14] were detected by scanning electron 

microscopy (SEM) analysis of the samples [14]. 

The difference between the results for Group 2 (diode laser-

alone) and Group 1(control- no treatment) is consistent with 

the study conducted by Garcia et al. [19]. In addition, Ying et 

al. reported the sealing of exposed dentinal tubules with 

melted and recrystallized dentine due to the thermal and 

antagonistic effects of the laser [20]. This may be due to the 

absorption of energy from the 976-nm diode laser by the 

minerals present in the dentine, which results in the melting 

and formation of crystallized dentine.  

The dentinal tubule openings became narrower due to 

calcium fluoride crystal deposition, which agrees with the 

findings reported by Absidais et al. [21]. The sodium fluoride 

group exhibited partial occlusion and narrowing of most of 

the dentinal tubules which is similar to the findings of a 

study by Kunam et al. who reported that sodium fluride 

caused narrowing of the dentinal tubular lumen but failed to 

produce complete tubular occlusion. This finding can be 

explained by the formation of calcium fluoride crystals due 

to the chemical reaction between fluoride in the sodium 

fluoride varnish and the calcium ions in the dentinal 

fluidMoreover, the size of the formed crystals was very 

small (0.05 µm) and insufficient to cause total occlusion of 

the dentinal tubules, which is why only partial occlusion of 

the tubules was observed [22]. In another study, IshaSuri 

reported that the number and width of DTs in 

hypersensitive-exposed areas are greater than those in 

normal dentine areas, necessitating a more prolonged 

treatment to ensure total occlusion of the tubules. [23]. 

The result of combination of a diode laser and sodium 

fluoride varnish aligns with the findings of several studies 

that demonstrated the synergistic effect of lasers in 

conjunction with chemical agents [24, 25, 26, 27]. The total 

occlusion of almost all the dentinal tubules, with the 

formation of a homogeneous layer covering the surface of 

the dentinal tubules; may be due to the increased adhesion 

of sodium fluoride varnish to tubules when sodium fluoride 

is combined with a diode laser, According to the discussion 

above, it can be concluded that the combination of laser 

treatment and sodium fluoride varnish yielded superior 

results in comparison with those of Group 2 (diode laser-

alone) and Group 3 (sodium fluoride-alone). 

 

Limitations  

This study has several potential limitations. First, the use of 

a larger sample size may yield a more accurate findings. 
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Second, the teeth used in the study were extracted from 

different patients, which may act as a confounding factor in 

relation to the minerals, context, and physiological 

occlusion of the dentinal tubules by the formation of 

sclerotic dentin. The last point one technique was used to 

demonstrate that the application of a laser is effective at 

occluding Dentinal tubules, further studies for comparison 

of other materials also different power of lasers should be 

conducted.  

 

Conclusion 

In this study, the best effect in occluding the dentinal 

tubules were achieved by diode laser and sodium fluoride 

varnish treatment (Group 4). The high adhesion of sodium 

fluoride varnish to the dentinal tubules when combined with 

laser energy likely contributed to the superior efficacy of the 

combined treatment. 
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