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Abstract: Aim: The aim of the present study was to evaluate the effect of a combination of diode lasers and desensitising agent on the 

dentinal tubules and to compare these effects in fluorosed and non fluorosed teeth. Materials And Methods: 72 fully erupted teeth were 

extracted and scaling and root planing were done. The sample was divided into two groups namely fluorosed (F) group, n= 36 and non 

fluorosed (NF) group, n= 36. The proximal region of each sample was taken and sectioned into 3 parts using diamond discs. The 

samples were treated according to the treatment protocol of the subgroups they were allotted to: Subgroup a, 5% Potassium Nitrate 

desensitising agent; Subgroup b, 810 nm Diode laser; Subgroup c, Combination of desensitising agent and diode laser. The samples 

were analysed using scanning electron microscopy. Results: The subgroup treated with a combination of diode laser and desensitising 

tooth paste showed maximum number of closed dentinal tubules and also the maximum amount of closure, followed by laser subgroup 

and least closure seen with desensitising agent subgroup. Conclusion: Thus the results of the present study suggest that, for both 

fluorosed and non fluorosed teeth, combination therapy with initial application of desensitising agent followed by irradiation with diode 

laser have a therapeutic benefit over the control groups, and this is a useful treatment for dentinal hypersensitivity. 

 

1. Introduction 
 

Dentinal hypersensitivity is one of the most common and 

most troublesome complaints presented by dental patients. It 

can be described clinically as an exaggerated response on 

application of a stimulus onto a tooth with exposed dentine, 

regardless of its location.
1,2 

Dentists are onto the mission of 

devising a permanent solution to this problem and the search 

is on for decades now. 

 

Dental fluorosis leads to gradual increase in hypo-

mineralisation of the teeth involved. The pits and 

discolouration presented on the surface of a tooth are not due 

to the fluoride directly but are actually a result of the hypo-

mineralised and porous enamel, which eventually wear away 

and get damaged.
3
 This finally leads to the exposure of the 

underlying dentin and in turn causes increased 

hypersensitivity to the patients. 

 

In a study to evaluate the relationship between the dentin 

mechanical and structural properties, it is shown that, 

fluorosed dentin correlates positively with dentin tubule size 

and negatively with ultrasound velocity.
4 

Thus, it can be 

affirmed that patients with increased fluorosis are at 

increased risk of dentinal hypersensitivity (DH). 

 

Due to the reduced thickness of enamel on the cervical 

regions of the teeth,
5
 the cervical areas are the most affected 

areas, which are seen in the form of cervical abrasions.  

 

Various treatment modalities used for the treatment of 

hypersensitivity most commonly include, the occlusion of 

the exposed tubules by the use of topical agents such as 

fluorides, strontium acetate, calcium sodium phosphosilicate 

paste, calcium hydroxide paste, potassium oxalate, silver 

nitrate, fluoride iontophoresis, varnishes, dentin adhesives, 

etc. Though these can be used by the patient upon being 

instructed, the efficacy has been shown to be short lived. 

Other treatment modalities that have been tried include, 

placement of restorations, desensitisation of the pulpal 

sensory nerves using potassium nitrate toothpastes. But 

again, restorations if not maintained could lead to 

demineralisation under the restorations at the borders, 

leading to return of the symptoms. More recently, for the 

past 2 decades, lasers are coming into the fore front in 

various realms of dental and periodontal treatment, due to its 

decided advantages. It has been shown in various studies 

that lasers can be used in the effective management of DH. 

The proposed mechanism by which they alleviate the 

symptoms are by the occlusion of the dentinal tubules,
6
 or 

by affecting the neural transmission in the dentinal 

tubules.
6,7

 It has also been proposed that lasers coagulate the 

proteins inside the dentinal tubules and block the movement 

of fluid.
8
Compared to all the lasers used for the purpose, 

diode lasers are shown to have least effect on the pulp in 

terms of temperature rise, and also on the dentin surface in 

terms of damage to the dentin surface.
9,10 

 

Among the desensitising agents available for the treatment 

of DH, the oldest, proven and the most commonly used one, 

is potassium nitrate.
11

 Therefore based on the evidence from 

previous literature, it can be hypothesised that, a 

combination of diode laser and potassium nitrate 

desensitising agent will have a better therapeutic benefit for 

the treatment of dentinal hypersensitivity. 

 

Keeping this in mind, for the first time, an initial attempt has 

been made in this in vitro study, to evaluate and compare the 

root surface changes on application of a combination therapy 

of diode lasers and potassium nitrate desensitising agent. 

The aim of the present study was firstly to evaluate and 

compare the effect of a combination therapy of diode lasers 

and potassium nitrate desensitising agent on the dentinal 

tubules; secondly, to compare the effect of treatment with 

lasers and desensitising agent when used alone, and thirdly 
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to compare these effects in fluorosed and non fluorosed 

teeth. 

 

2. Materials and Methods 
 

Specimens 

A total of 72 extracted teeth (36 fluorosed and 36 non 

fluorosed), with cervical non-carious lesions were included 

in this study. Freshly extracted teeth were obtained from the 

Department of Oral and Maxillofacial Surgery, 

Krishnadevaraya College of Dental Sciences, Bangalore, 

Karnataka, India. The teeth were used according to the 

protocol set forth by the Research Ethics Committee of 

Rajiv Gandhi University of Health Sciences, Karnataka, 

India. 

 

The teeth specimens were selected according to the inclusion 

and exclusion criteria. Fully erupted teeth, extracted from 

systemically healthy patients, atraumatically extracted, 

preferably with non-carious cervical lesions were included 

in the study. For fluorosed teeth, the teeth were included 

based on the clinical examination and history of the patients 

from fluoride beds in and around the area. Any teeth with 

caries or restorations, or those that have been previously 

treated for periodontal reasons, impacted teeth or teeth with 

intrinsic stains due to other developmental anomalies were 

excluded.  

 

After extraction, the teeth were stored in phosphate buffer 

saline (PBS) (pH= 7.4) at 37
o
C until the preparation phase 

was begun.  

 

Thorough scaling and root planing (SRP) was carried out 

using hand scalers and curettes in order to remove the over 

lying calculus and stains. The overlying layer of cementum 

was also removed using curettes. The specimens were stored 

in PBS (pH= 7.4) until the treatment phase was begun to 

prevent dehydration. 

 

After the removal of calculus and the overlying cementum, 

the teeth were sectioned on the proximal surface using 

sterile diamond discs, under constant irrigation with saline. 

 

For sectioning, first, a cut was made at the level of the 

cement enamel junction (CEJ), to separate out the crown and 

the roots. Following this, vertical cuts were made on the 

proximal surface of the roots. These vertical cuts were 

joined by a horizontal cut apically. Care was taken not to 

extend the sections into the apical third of the roots, as the 

apical third tends to have high frequency of anatomical and 

morphological variations.  

 

Each specimen obtained was further sectioned into three 

parts and allotted to the three subgroups. The sections 

measured ͌5 mm x 5 mm. Following this, 18% EDTA was 

used over the sections for 1min, to remove off the smear 

layer. 

 Subgroup a- 1
st
 part was treated with a combination of 

both diode laser and Potassium Nitrate paste  
 Subgroup b- 2

nd
 part was treated with 810nm diode laser 

 Subgroup c – 3
rd

 part was treated with 5% Potassium 

Nitrate desensitising paste 
 

For the treatment with desensitising agent, a constant 

thickness of desensitising agent was applied over the teeth 

sections and allowed to stay for 1 minute. 

 

Laser specifications  

Diode laser irradiation was done using a laser system 

(Ga:Al:As) with a flash lamp-pumped laser operating at the 

wavelength of 810nm set at 1 Watt power and energy of 1mJ 

per second, for a time duration of 10 seconds per millimetre 

in a non-contact mode delivered by a hollow wave guide, 

with the tip placed perpendicular to the tooth surface as 

close to the tooth as possible. 

Combination treatment was done by leaving the 

desensitising agent over the teeth sections for 1 minute, 

followed by laser irradiation for 10 seconds and then all the 

specimens were commonly washed off using isotonic saline 

solution. 

 

SEM Analysis 

For SEM analysis, the specimens were fixed with 2.5% 

gluteraldehyde in phosphate buffer saline (pH= 7.4) for 24 

hours at 4
o
C, and washed with a phosphate buffer (pH= 7.4) 

solution for 10 minutes each. The specimens were dried and 

desiccated in a desiccation jar and mounted with silver paint 

on SEM stubs. Gold and palladium sputter coating was 

done, and specimens were viewed under the scanning 

electron microscope. Photomicrographs of the samples 

under 2000x magnification were taken. Images of the root 

surfaces representing each group with its subgroups were 

obtained. 

 

Tabulation 
SAMPLE 

(Fluorosed) 

Num of tubules 

seen on SEM 

Num of tubules 

closed 

%age of 

tubules closed 

SAMPLE (Non 

Fluorosed) 

Num of tubules 

seen on SEM 

Num of tubules 

closed 

%age of 

tubules closed 

Sp a 37± 25± 70± Sp a 56± 42± 75± 

Sp b 60± 33± 55± Sp b 65± 35± 52± 

Sp c 25± 8± 30± Sp c 7± 4± 50± 

 

Quantitative Analysis 
 Fluorosed Group Non Fluorosed Group 

SAMPLE 100% 75% 50% 25% <25% SAMPLE 100% 75% 50% 25% <25% 

Sp 1a  ✓     Sp 1a  ✓     

Sp 1b   ✓    Sp 1b   ✓    

Sp 1c    ✓   Sp 1c - - - - - 

Sp 2a ✓      Sp 2a ✓      

Sp 2b   ✓    Sp 2b   ✓    
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Sp 2c  ✓     Sp 2c - - - - - 

Sp 3a ✓      Sp 3a ✓      

Sp 3b  ✓     Sp 3b   ✓    

Sp 3c - - - - - Sp 3c - - - - - 

 

Qualitative Analysis 

 
Fluorosed Group           Non- Fluorosed Group 

 

Statistical Analysis 

The inter group comparison with respect to the percentage of 

tubule closer was done using Mann- Whitney U Test. (Table 

1,2) Intra group comparison in fluorosed group and non 

fluorosed group separately was done using Kruskal Wallis 

ANOVA. (Table 3) Comparison of the samples with the 

status of tubule blockage qualitatively in both the groups 

taken together were done using Chi square test, with p < 

0.05. (Figure 3)  

 

3. Results 
 

The inter group comparison with respect to the percentage of 

tubule closer was done using Mann- Whitney U Test. The 

results showed that the difference between the two groups is 

not clinically significant. (Table 1) 

 

Table 1: Comparison of Fluorosed and non- Fluorosed 

groups with respect to percentage of tubule closure by 

Mann-Whitney U test 

Group Mean 
Sum of 

ranks 
U-value Z-value p-value 

Fluorosed  

group 
58.67±25.30 85.00    

Non- 

 Fluorosed 

group 

59.56±23.77 86.00 40.00 -0.0442 0.9648 

 

On comparing the percentage of tubule closure in fluorosed 

and non fluorosed teeth taking into consideration each 

subgroup separately (inter group comparison), also did not 

show any significant difference, suggesting that the 

treatment was equally effective in either of the groups. 

(Table 2) 

 

 

Table 2: Intergroup comparison of degree of tubule closure in each subgroup using Mann-Whitney U Test 
Subgroup Group Mean SD Sum of ranks U-value Z-value p-value 

Subgroup a Fluorosed group 82.67 11.02 10.00    

 Non- Fluorosed group 84.33 13.65 11.00 4.00 -0.2182 0.8273 

Subgroup b Fluorosed group 54.33 6.03 9.00    

 Non- Fluorosed group 58.67 8.33 12.00 3.00 -0.6547 0.5127 

Subgroup c Fluorosed group 39.00 30.51 10.00    

 Non- Fluorosed group 35.67 15.04 11.00 4.00 -0.2182 0.8273 

 

Intra group comparison in fluorosed group and non 

fluorosed group separately was done using Kruskal Wallis 

ANOVA. The analysis showed statistically significant 

results in the non fluorosed group, and the results were not 

statistically significant in the fluorosed group. (Table 3) 

 

The graphical representation of the statistical analysis in the 

fluorosed teeth (Figure 1) and non fluorosed teeth (Figure 2) 

show clearly the better tubule closure with the subgroup a, 

though not statistically significant in fluorosed teeth. 

 

Table 3: Intra Group comparison of tubule closure using Kruskal Wallis ANOVA and Post Hoc using Mann- Whitney U Test 
 Non Fluorosed Teeth Fluorosed Teeth 

Sub groups Means Std.Dev. Sum of ranks Means Std.Dev. Sum of ranks 

Sub group a 84.33 13.65 24.00 82.67 11.02 23.00 

Sub group b 58.67 8.33 15.00 54.33 6.03 12.00 

Sub group c 35.67 15.04 6.00 39.00 30.51 10.00 

H-value 7.2000 4.35550 

P-value 0.0273* 0.11330 

Pair wise comparison by Mann-Whitney U test  

SG a vs SG b P=0.0495* 

SG a vs SG c P=0.0495* 

SG b vs SG c P=0.0495* 
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Figure 1: Comparison of sub groups (a, b, c) in Fluorosed group with respect to percentage of tubule closure scores using 

Kruskal Wallis ANOVA 

 

 
Figure 2: Comparison of sub groups (a, b, c) in non-Fluorosed group with respect to percentage of tubule closure scores using 

Kruskal Wallis ANOVA and Mann-Whitney U Test 

 

Comparison of the samples with the status of tubule 

blockage qualitatively in both the groups taken together 

were done using Chi square test, with p < 0.05. The results 

showed statistical significance, favouring subgroup a 

suggesting that the treatment of the teeth samples with the 

combination of desensitising agent followed by diode laser 

blocked the tubules better than the other two control groups. 

(Figure 3) 

 

 

 

 
Figure 3: Comparison of the status of tubule blockage qualitatively in both the groups taken together using Chi square test 
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SEM analysis of the teeth specimens demonstrated various 

degrees of tubule seal when treated with different 

modalities.  

 

When lasers are used alone or in a combination with 

desensitising paste, the removal of organic debris is seen, 

enabling better visualisation of the tubules. Subgroup (c) 

showed a lot of organic debris left behind and was a 

hindrance for the assessment of the dentinal tubules. 

 

Comparing qualitatively, the 3 subgroups w.r.t to the status 

of blocking of tubules in fluorosed and non fluorosed teeth, 

significant result was seen with combination therapy 

(Subgroup a), showing 75-100% closure of dentinal tubules, 

while the subgroups (b) and (c) showed comparatively lesser 

tubule closure. 

 

Both fluorosed and non fluorosed teeth respond to laser 

therapy with and without desensitising agent, equally well. 

Fluorosed teeth showed good closure in all the specimens, 

showing increased sensitivity to lasers and toothpaste. Non 

fluorosed specimens showed significantly high closure of 

dentinal tubules in subgroup (c). 

 

4. Discussion 
 

Dentinal hypersensitivity is said to be one of the most 

troublesome problems faced by patients. 

Conventional therapies for the treatment of DH like the 

topical use of desensitizing agents such as protein 

precipitants,
12,13

 tubule-occluding agents,
14, 15

 tubule 

sealants,
16

 and, recently lasers,
17-23

 have been tried to give a 

long term solution to the patient. But the longevity of these 

treatment methods have been questioned. 

 

Several studies describe a synergistic action of lasers in 

association with desensitizing agents.
24,25

 The authors have 

hypothesised that the laser system causes the permanence of 

the desensitising agent for longer time than when they are 

used alone. If laser device is used in addition to a 

conventional desensitizing agent, the latter remains 

above the tooth surface for 60 seconds before the 

irradiation. 

 

Due to the increased diameter of dentinal tubules in 

fluorosed teeth, it was hypothesised that, the teeth would 

show higher frequency of hypersensitivity too. In 

agreement to this, studies comparing the frequency of 

hypersensitivity in non fluorosed teeth and fluorosed 

teeth, showed that fluorosed teeth may have higher 

incidence of hypersensitivity.
26,27

 

The reduced thickness of enamel on the cervical regions of 

the teeth,
5
 makes these the most affected areas, seen in the 

form of cervical abrasions. Therefore in this present study, 

we have used the cervical and proximal regions of extracted 

teeth, removing off the overlying cementum and exposing 

the underlying dentin, simulating the abraded tooth surface. 

 

Many treatments have been tried in the treatment of the 

same, but none have compared the treatment methods under 

a scanning electron microscope and also none have 

compared the results in fluorosed and non fluorosed teeth. 

Thus, in the present study, an in vitro SEM analysis of teeth 

sections were carried out after using three different treatment 

options. By comparing the degree of dentinal tubule closure 

and also the number of tubules closed in the particular 

visualised field, it was seen that the subgroup (a), using a 

combination therapy showed best results compared to the 

other two subgroups. 

 

Clinical studies comparing the combination therapy with 

laser and desensitising agent used alone, on a group of 10 

patients have shown best results with the combination 

therapy. It is suggested that, the better tubule sealing with 

the combination treatment was due to the higher 

desensitising agent adhesion to the dentinal tubules when 

combined with laser energy.
28 

 

Studies comparing the effect of different lasers on the tooth 

surface have shown that, diode lasers are less harmful than 

Er:YAG lasers in causing cracks and tooth surface melts. 

Both the lasers didn’t show harmful rise in intrapulpal 

temperature and hence is shown to be safe for use in the 

treatment of hypersensitivity.
25

 

 

The expected root surface changes on laser irradiation are, 

mild thermally induced change, primarily surface melting. 

Other surface alterations include surface etching, 

intermittent smear layer, exposure of collagen tufts. Except 

for melting of root surface, other undesirable morphological 

changes were found to be more common in non fluorosed 

than fluorosed root specimens.
29 

 

5. Conclusion 
 

Thus, fluorosed and non fluorosed teeth, both show equally 

good dentinal tubule closure, and de-sensiting agent 

application prior to the irradiation with diode lasers, can be 

used to occlude the dentinal tubules. Diode lasers along with 

Pot. Nitrate paste provides better occlusion of dentinal 

tubules, than when the agents are used individually. It can be 

safely concluded that, for both fluorosed and non fluorosed 

teeth the treatment of dentinal hypersensitivity with a 

combination of diode lasers and desensiting agent has an 

added benefit compared to them being used separately. 

Further studies need to be done to check the validity of the 

same in vivo and also to check the permanence of the 

treatment method. 
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Tables and Figures 

 

Table 1: Comparison of Fluorosed and non- Fluorosed 

groups with respect to percentage of tubule closure by 

Mann-Whitney U test 
Group Mean Sum of 

ranks 

U-

value 

Z-value p-

value 

Fluorosed group 58.67±25.30 85.00    

Non- Fluorosed 

group 

59.56±23.77 86.00 40.00 -0.0442 0.9648 

 
Table 2: Intergroup comparison of degree of tubule closure in each subgroup using Mann-Whitney U Test 

Subgroup Group Mean SD Sum of ranks U-value Z-value p-value 

Subgroup a Fluorosed group 82.67 11.02 10.00    

 Non- Fluorosed group 84.33 13.65 11.00 4.00 -0.2182 0.8273 

Subgroup b Fluorosed group 54.33 6.03 9.00    

 Non- Fluorosed group 58.67 8.33 12.00 3.00 -0.6547 0.5127 

Subgroup c Fluorosed group 39.00 30.51 10.00    

 Non-Fluorosed  35.67 15.04 11.00 4.00 -0.2182 0.8273 
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Table 3: Intra Group comparison of tubule closure using Kruskal Wallis ANOVA and Post Hoc using Mann- Whitney U Test 
 Non Fluorosed Teeth Fluorosed Teeth 

Sub groups Means Std.Dev. Sum of ranks Means Std.Dev. Sum of ranks 

Sub group a 84.33 13.65 24 82.67 11.02 23 

Sub group b 58.67 8.33 15 54.33 6.03 12 

Sub group c 35.67 15.04 6 39 30.51 10 

H-value 7.2   4.3555   
P-value 0.0273*   0.1133   

Pair wise comparison by Mann-Whitney U test 

SG a vs SG b P=0.0495*      
SG a vs SG c P=0.0495*      
SG b vs SG c P=0.0495*      
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