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Abstract: The aim of this study is to verify the potential of Nd:YAG laser and topical acidulated 

phosphate fluoride application (APF) on preventing dentin wear using the optical coherence 

tomography (OCT) on monitoring this process.  
OCIS codes: (140.0140) Lasers and laser optics; (170.4500) Optical coherence tomography; (170.0170) Medical optics and 

biotechnology;  

 

1. Introduction 

 

Dental erosion has been extensively studied to be a risk factor for loss or damage to the tooth. Also, its 

prevalence has increased in last years [1–4], and it is related to an excessive consumption of acidic beverages and 

foods [5]. Due to the lifestyle of the people who live in developed countries, food habits have significantly changed, 

and their teeth are increasingly exposed to different types of acids. Furthermore, increased prevalence of erosion 

damage to the root surface may also be related to the presence, for a longer period of time, of the teeth in the oral 

cavity caused by the increase in life expectancy and improvement of oral hygiene of individuals [6]. 

        So far, it is not possible to prevent or even stop the progression of mineral loss caused by dental erosion [2]. 

The use of high intensity infrared lasers has been very promising in preventing the appearance of carious lesions in 

both enamel and dentin, either when used alone or in combination with fluoride. Previous studies using neodymium 

laser (Nd:YAG) have shown the potential of this therapy for the prevention of erosion, especially because laser 

irradiation can promote the increase of the surface temperature of the dental hard tissues. Depending on the 

temperature rises, laser irradiation can induce chemical and morphological changes on enamel and dentin (mainly 

due to the surface melting); in this way, these changes can reduce the diffusion of acids, the structural loss and their 

deleterious effects [7,8]. 

Considering the positive effects of Nd:YAG laser for preventing dental caries, the objective of this study was to 

evaluate the potential of Nd:YAG laser on preventing dentin wear. 

 

2.  Materials and Methods 

After approval by Animal Ethics Committee of UFABC (004/2013), an in vitro study involved 192 of 8mm2 

blocks of bovine root dentin, which were randomly distributed in four experimental groups (n = 48): G1: without 

treatment; G2: treatment with acidulated phosphate fluoride (APF, F 1.23%, pH = 3.3 to 3.9); G3: irradiation with 

Nd:YAG laser (1064 nm, 0.6 W, 10 Hz, 84.9 J/cm2); G4: application of APF followed by irradiation with Nd:YAG 

laser. After these protocols, all samples were submitted to a 15-days erosive and abrasive demineralization (Sprite 

Zero, pH=2.8, 90s, 4x/day), and remineralization (artificial saliva, pH=7) cycling. Twice a day, slabs were brushed 

for 15s using a 0 ppm F- dentifrice. The depths of lesions were evaluated 5 measurements per sample, by optical 

coherence tomography (OCT, OCP930SR, Thorlabs Inc., USA): before treatment, after treatment, in the 5th, 10th 

and 15th day of erosion/abrasion cycling. OCT data were subjected to ANOVA/Tukey analyses at 5% significance 

level. Morphological evaluation of the surface was performed using scanning electron microscopy (SEM).  

 

3.  Results and Discussion 
 

Electron micrographs obtained with SEM are showed in Figure 1. A regular surface with slight scratches was 

observed in the untreated group (G1) (Fig. 1A), in which the dentinal tubules are closed and covered by a smear 

layer, caused by the grinding of the samples. The APF group (G2) also presented a smooth surface; however, opened 

dentinal tubules were observed, as well as the absence of the smear layer and the presence of some globules on the 

surface, which suggests the formation of the CaF2-like material. In the laser group (G3), it was observed a surface 

without cracks or smear layer, but with irregularities and depressions, which are typical of melting of the dentin 
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surface, with zones of fusion and resolidification in a mosaic pattern, as can be evidenced in figure 1C. The APF + 

laser group (G4) showed an irregular surface with roughness pattern that resembles an ablation process. Smear layer 

was not observed and opened dentin tubules were detected. 

 

  
G1- No treatment G2- Fluoride 

  
G3- Laser G4- Fluoride+Laser 

Figure 1: Electron micrographs of root dentin after all treatments. Original magnification = 1000 x. 

 

Figure 2 showed that the irradiated laser groups (G3 e G4) had significantly lower dentin wear depths of 

erosion/abrasion in the 5th-day cycling (wear depth around 6.0µm) when compared to the untreated group (wear 

depth around 9.7µm) and the APF treated group (wear depth around 9.2µm). The APF application before laser 

irradiation did not result in significant changes in the dentin wear depth (wear depth around 6.0µm) when compared 

to the group that was only laser irradiated (wear depth around 5.9µm). In figure 3, it was observed that irradiated 

groups (G3 e G4) had lower dentin wear depths of erosion/abrasion in the 10th-day cycling (wear depth around 

7.5µm) but only the APF+laser group (G4) presented statistically significant difference when compared to the other 

groups. It was observed a significant increase on dentin wear depth with the progression of cycling regimen for all 

treatments. 

The literature evidences that [7–10] Nd:YAG laser promotes the formation of tetracalcium phosphate, as well as 

melting and recrystallization of the dentin surface, which agrees with the findings observed in the present study.  
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Figure 2: Dentin wear depths for all treated groups after 

5-day cycling. Distinct letters indicate significant 

statistical differences by the Tukey test (p < 0.05). 

Figure 3: Dentin wear depths for all treated groups after 

10-day cycling. Distinct letters indicate significant 

statistical differences by the Tukey test (p < 0.05). 

 

A number of studies have shown that Nd:YAG laser irradiation promotes thermal effects on dental hard tissues 

and according to the temperature increase, chemical and structural changes may be induced. The organic matrix of 

the enamel and dentin is reduced at temperatures below 350°C; however, the beginning of the protein denaturation is 

observed when the temperature reaches 45°C. The mineral matrix constituents are more thermally stable. The 

carbonate elimination starts after heating at 100°C and is completely eliminated when the tissue temperature reaches 

1100°C. At this temperature, it was related the formation of new crystal structures, such as α and β phase of 

tricalcium phosphate, as well as tetracalcium phosphate. These effects can be the responsible for the increase of the 

tissue resistance to demineralization [7–10]. In figures 1C and 1D it is showed melting and resolidification of dentin 

tissue, which indicates that high temperatures were achieved with laser irradiation and thus crystallographic changes 

can be occurred in dentin structure, rendering the tissue more resistant to demineralization and, in this way, to 

erosive attack. 

In figures 2 and 3, the progress of erosion damages was observed. However, for the lased groups (G3 and G4), 

the lesion depth was lower when compared to the G1 and G2 groups. In this way, we demonstrated that laser 

irradiated dentin became more resistant to demineralization. 

 

4. Conclusion 

 

It is possible to conclude that Nd:YAG laser irradiation decreases the formation and progression of 

erosive/abrasive lesions, reducing the depth of lesions formed in different cycling times. 

 

5. Acknowledgements 

 

This work was supported by FAPESP/CEPID proc. 05/51689-2, CAPES/PROCAD proc. 88881.068505/2014-

01; CNPq INCT  proc. 573.916/2008-0 and CNPq  proc. PQ 312397/2013-5. 

 

6. References  
 

[1] P. Kanzow, F.J. Wegehaupt, T. Attin, A. Wiegand, “Etiology and pathogenesis of dental erosion” in Quintessence Int 47(4), 275-8 (2016). 
[2] M. C. Serra, D.C.F. Messias, C.P. Turssi, “Control of erosive tooth wear: possibilities and rationale” in Braz Oral Res 23(1) 49-55 (2009). 

[3] A. Lussi “Dental erosion : from diagnosis to therapy” Karger (2006).  

[4] C.M. Kreulen  et al. “Systematic review of the prevalence of tooth wear in children and adolescents” in Caries Res, 44(2), 151-9 (2010).    
[5] X. Wang, A. Lussi “Assessment and management of dental erosion” in Dent Clin N Am. 54, 565-578 (2010). 

[6] A.C.S. De Oliveira, N.P. Damascena; C.S. de Souza, “Análise clínica de pacientes portadores de lesões cervicais não cariosas e sua relação 

com hábitos” in Rev Sul-Bras Odontol., 7(2), 182-92 (2010).    
[7] A.C. Magalhaes et al. “Effect of Nd:YAG irradiation and fluoride application on dentine resistance to erosion in vitro” in Photomed Laser 

Surg 26(6), 559-63 (2008).    

[8] D. Rios et al. “In Vitro Evaluation of Enamel Erosion After Nd:YAG Laser Irradiation and Fluoride Application” in Photomedicine and Laser 
Surgery 27(5), 743-747 (2009).    

[9] D.M. Zezell et al “Compositional and crystallographic changes on enamel when irradiated by Nd:YAG or Er,Cr:YSGG lasers and its 

resistance to demineralization when associated with fluoride” in Proceedings - SPIE 7549, 75490G-1-75490G-12 (2010). 
[10] L. Bachmann, D.M. Zezell “Estrutura e composição de esmalte e dentina” (2005). 


