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INTRODUCTION

Dental caries caused by excessive consumption of fermenta-
ble sugar, inadequate consumption of fluoride, improper oral 
hygiene and various systemic and oral conditions. Preven-
tion is mandatory to identify patients with caries high risk 
and should be given individualized prophylactic and preven-
tive support.1

Topical fluoride plays a vital role in the prevention of dental 
caries. Fluoride reduces enamel dissolution during the acid 
attack.2 Topical fluoride treatment is one of the most widely 

accepted treatment regimens which helps in reducing dem-
ineralization of the hard dental tissues.3,4 Various forms are 
used for topical application of fluoride such as fluoridated 
kinds of toothpaste, gels, mouthwash contains fluoride prep-
aration and varnishes. 

Laser irradiation also is as an adjunct to conventional caries 
prevention techniques.5 Application of lasers on dental hard 
tissues creates certain morphological and structural changes, 
resulting in an increase in “the acid resistance of the lased 
enamel and altering resistance to acid and permeability. These 
changes are attributed to various characteristics of the laser 
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ABSTRACT
Introduction: Topical fluoride plays a vital role in the prevention of dental caries. Fluoride reduces enamel dissolution during 
acid attack.Laser irradiation also an adjunct to conventional caries prevention techniques. Objective: To compare “the effective-
ness of” diode “laser with”Er:YAG laser on fluoride uptake of enamel surface using acidic and neutral topical fluorides. 
Methods: Enamel of each halved tooth specimens were painted with nail polish “varnish leaving a window” of 5x5 mm of ex-
posed enamel. One half of the sectioned tooth was taken as the control group, (n=40) and it’s corresponding half as the experi-
mental group (n=40). These two groups were further subdivided into 4 subgroups of 10 samples each depending upon the pH 
of topical fluoride and wavelength of the laser used. “Group A, Group B, Group C and Group D” were marked as control groups 
and Group E, Group F, Group G and Group H marked as the experimental groups. 
Results: Fluoride ion-selective electrode and potentiometric analysis was used to calculate the mean fluoride uptake on the 
enamel surface of teeth. Er: YAG laser and diode laser after fluoride application on teeth demonstrated higher uptake of fluoride 
not only on enamel surface but also into the deeper structures. But, Er: YAG laser showed better results than diode laser for the 
incorporation of fluoride in teeth. 
Conclusion: APF-Er: YAG laser combination is most effective in the incorporation of fluoride in the teeth followed by NaF-Er: 
YAG, APF-Diode and NaF-Diode combination being the least.
Key Words: Topical Fluoride, Diode Laser, Er: Yag Laser
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such as wavelength, exposure time, laser irradiation emission 
and various optical characteristics of each lased tissue. Diode 
lasers are soft tissue lasers and Er: YAG lasers are hard tissue 
lasers. The diode laser has several unique characteristics for 
its use in dentistry such as low cost compared to other lasers, 
smaller size and easy application in the mouth because of the 
optic fibres. Er:YAGemit light at 2940 nm wavelength, this 
coincides with the peak absorption of water and hydroxyapa-
tite and can also ablate enamel, dentin, and carious tissues 
effectively than other lasers.7 The combination of topical 
fluoridation and laser has been used by various researchers 
but there is no study comparing both diode lasers and Er: 
YAG lasers with acidic and neutral fluorides.

So, the present study aimed to compare the effectiveness of 
diode laser with Er: YAG laser on fluoride uptake of enamel 
surface using acidic and neutral topical fluorides.

MATERIALS AND METHOD

A sample of forty extracted human premolar teeth, not older 
than 1 month were collected and stored at 4ºC in 0.1% thy-
mol solution at room temperature until the experimental pro-
cedure was initiated. Non-carious intact teeth, teeth extracted 
for orthodontic or periodontal purposes or free from any vis-
ible developmental defects were selected. All teeth were sec-
tioned into two halves longitudinally (mesiodistally) using a 
diamond disc to obtain a total of 80 specimens. These speci-
mens were mounted on acrylic blocks formed in moulds of 
size 2×2 cm individually. The enamel of each halved tooth 
specimens was painted with nail polish varnish leaving a 
window of 5x5 mm of exposed enamel. One half of the sec-
tioned tooth was taken as the control group, (n=40) and it’s 
corresponding half as the experimental group (n=40). These 
two groups were further subdivided into 4 subgroups of 10 
samples each depending upon the pH of topical fluoride and 
wavelength of the laser used. Group A, Group B, Group C 
and Group D were marked as control groups and Group E, 
Group F, Group G and Group H marked as the experimental 
groups.

In Group A, 1.23% APF gel was applied, in Group B, 2% 
NaF gel was applied, in Group C, 1.23% APF gel was ap-
plied and in Group D, 2% NaF gel was applied for 4 minutes 
each. Similarly, in Group E, 1.23% APF gel application was 
followed by diode laser irradiation, in Group F, 2% NaF gel 
application was followed by diode laser irradiation, in Group 
G, 1.23% APF gel application was followed by Er: YAG la-
ser irradiation and in Group H, 2% NaF gel application was 
followed by Er: YAG laser irradiation, for 4 minutes each.

Teeth were lased from a standard distance of 4 mm each. 
Two treatments of irradiation were given for 20 seconds each 
of diode laser (power- 2 W) and Er: YAG laser (power- 0.3 
W) in respective groups. After treatment, both control and 

experimental specimens were stored at 100% humidity in a 
humidifier at room temperature for 24 hours. Tooth speci-
men of each group containing 10 samples were further di-
vided into subgroups of 5 samples for analysis of fluoride 
uptake on the enamel surface and subsurface in teeth using 
Fluoride ion-selective electrode and potentiometric analysis 
respectively.

Statistical analysis:
Statistical analysis of the data was done by using descriptive 
and inferential statistics both using SPSS 17.0 software and 
p<0.05 considered as the level of significance. The statis-
tical tests used for the analysis of the result were one way 
ANOVA, multiple comparison Tukey and Student’s unpaired 
t-test.

RESULTS

In the present study, the mean fluoride uptake on the enamel 
surface of teeth was done using a fluoride ion-selective elec-
trode and potentiometric analysis.

Mean fluoride uptake on the enamel surface of 
teeth using fluoride ion-selective electrode
Group A and Group E showed non-significant mean fluo-
ride uptake on enamel surface of teeth after the application 
of acidulated phosphate fluoride using fluoride ion selec-
tive electrode on teeth with or without diode laser treatment.
Group B and Group F showed the mean fluoride uptake on 
enamel surface of teeth using fluoride ion-selective electrode 
after the application of sodium fluoride on teeth with or with-
out diode laser treatment ,which was found to be statistically 
significant. Group C and Group G showed significant mean 
fluoride uptake on the enamel surface of teeth using fluoride 
ion-selective electrode after the application of acidulated 
phosphate fluoride on teeth with or without Er: YAG laser 
treatment. Group D and Group H showed the mean fluoride 
uptake on the enamel surface of teeth using fluoride ion-se-
lective electrode after the application of sodium fluoride on 
teeth with or without Er: YAG laser treatment, which was 
found to be statistically significant (Table 1).

Mean total fluoride uptake on the enamel sur-
face of teeth using potentiometric analysis
In Group A and Group E, the mean total fluoride uptake on 
the enamel surface of teeth using potentiometric analysis af-
ter the application of acidulated phosphate fluoride on teeth 
with or without diode laser treatment was not found to be 
statistically significant. Group B and Group F showed the 
mean total fluoride uptake on the enamel surface of teeth 
using potentiometric analysis after the application of sodi-
um fluoride on teeth with or without diode laser, which was 
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found to be statistically significant. Group C and Group G 
showed the mean total fluoride uptake on the enamel surface 
of teeth using potentiometric analysis after the application 
of acidulated phosphate fluoride with or without Er: YAG 
laser, which was found to be statistically significant. Group 
D and Group H showed the mean total fluoride uptake on the 
enamel surface of teeth using potentiometric analysis after 
the application of sodium fluoride with or without Er: YAG 
laser treatment, which was found to be statistically signifi-
cant (Table 2).

The mean fluoride uptake by fluoride ion electrode observed 
in APF-Diode treated teeth was 0.08 ± 0.09 and in teeth treat-
ed by NaF-Diode, it was 0.06 ± 0.02. Similarly, the teeth 
which were treated by APF- Er: YAG, the mean fluoride up-
take was 0.16 ± 0.09  and in teeth treated by NaF-Er: YAG, 
the mean uptake was 0.13 ±0.02 and statistically, all these 
differences were found to be not significant (Table 3).

The mean total fluoride uptake on teeth by potentiometric 
analysis observed in APF-Diode treated teeth was 0.36 ± 
0.30 and in teeth treated by NaF-Diode, it was 0.13 ± 0.09. 
Similarly, the teeth which were treated by APG- Er: YAG, 
the mean uptake was 2.51 ± 0.34 and in teeth treated by NaF-
Er: YAG the mean uptake was 2.17 ±0.59 and all these dif-
ferences were found to be statistically significant. Post-hoc 
analysis showed that the significant difference was present in 
APF-Diode vs APF-Er: YAG, APF-Diode vs NaF-Er: YAG, 
NaF-Diode vs APF-Er: YAG and NaF-Diode vs NaF-Er: 
YAG (Table 4).

The mean fluoride uptake on teeth in APF-Diode group by 
fluoride ion electrode was 0.08 ± 0.09 and by potentiomet-
ric analysis was 0.36 ± 0.30 and this difference was found 
to be statistically not significant. Mean fluoride uptake on 
teeth NaF-Diode group by fluoride ion electrode was 0.06 
± 0.02 and by potentiometric analysis was 0.13 ± 0.09 and 
the difference was found to be statistically significant. Mean 
fluoride uptake on teeth APF-Er: YAG group by fluoride ion 
electrode was 0.16 ± 0.09 and by potentiometric analysis 
was 0.13 ± 0.09 and the difference was found to be statis-
tically significant. Mean fluoride uptake on teeth NaF-Er: 
YAG group by fluoride ion electrode was 0.13 ± 0.02 and by 
potentiometric analysis was 2.17 ± 0.59 and the difference 
was found to be statistically significant (Table 5).

DISCUSSION

In this era of preventive dentistry, many techniques are avail-
able for the prevention of dental caries. Application of fluo-
ride acts as a preventive measure during the eruption period 
of teeth. Thus, for preventing the enamel caries formation, 
fluoride application in the form of topical gels has been prov-
en to be the most accepted treatment to elude demineraliza-
tion of dental hard tissues.3,4

Lasers are also known to enhance the effect of fluoride on 
teeth. Stern RH and his colleagues began laser studies on 
dental hard tissues. The investigation was done to evaluate 
the use of a laser in reducing the subsurface demineraliza-
tion. The study concluded that there was reduction perme-
ability to acid demineralization of the visible enamel.10-12 

Combination of laser irradiation and topical fluoride have 
synergistic effects.13,14

Various methods are used for the estimation of fluoride ions 
in teeth. Fluoride ion electrode determines the fluoride up-
take on enamel on the surface of teeth and potentiometric 
analysis determines the total fluoride uptake in teeth. It was 
observed in this study, that the mean uptake of fluoride on 
the enamel surface and total fluoride uptake on teeth was 
found to be increased in all the experimental groups treated 
with diode and Er: YAG laser after application of APF and 
NaF topical fluorides. These results were in conjunction with 
the studies carried out by Bahrololoomi et al and Moslemi et 
al that showed improved fluoride absorption on the enamel 
surface and deeper into its crystalline structure after laser 
irradiation.15,16 Vitale et al also demonstrated that lasers en-
hanced fluoride uptake of enamel and also provided protec-
tion to enamel surface from acid attack.1 The reason for this 
fluoride uptake is due to the chemical and morphological al-
terations that occurred on enamel surfaces that increased its 
resistance to demineralization. Villalba-Moreno et al found 
that laser treatment on enamel surface significantly enhanced 
the binding of fluoride, without damaging it, to the enamel 
surface.17 Similar results were found in a study carried out by 
Santaella et al on primary teeth using diode laser along with 
fluoride.9Kato et al, in contrast, concluded that any addition-
al application of laser will not cause any significant increase 
or decrease in acid resistance of dental enamel.18

In the present study, as seen that most of the mean uptake 
of fluoride was seen in APF-Er: YAG group (0.16±0.09). 
This was followed by fluoride uptake on dental enamel of 
NaF-Er: YAG group (0.13±0.02) and APF-Diode group 
(0.08±0.09). But the least uptake was observed in NaF-Di-
ode group (0.06±0.02). As observed in the results, Er: YAG 
laser enhanced the fluoride uptake of both acidic and neutral 
fluoride gels. The mechanism of the effect of Er: YAG laser 
on enamel is attributed to the structural and chemical change 
induced by it. When infrared light from the laser is absorbed 
by specific components of the dental enamel, it is converted 
directly into heat and further carbonate is released from the 
heated enamel and water evaporation occurs with the conse-
quent formation of pyrophosphate which is more stable and 
less soluble.19,20,21 Thus, Er: YAG laser prevents deminerali-
zation of the enamel surface.

These results were in conjunction with the study by Maung 
et al who determined the alteration in diffusion coefficients 
in enamel using fluorescence recovery after photobleaching 
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(FRAP).22 The enamel was lased with Er: YAG and it was 
found that there was lower diffusion (30%) on the surface 
region when compared to deeper layers.  This may be at-
tributed to the fact that there is an increasing amount of or-
ganic matrix, loosely bound water,23,24 porosities25 and water 
sorption capacity26 from the natural surface of the enamel 
towards dentin enamel junction. Various studies concluded 
that Er: YAG laser irradiation in combination with fluoride 
treatment improved fluoride uptake on enamel and reduced 
mean lesion depth.24,27,28Delbem et al found in his study 
that “Er: YAG laser has an influence on the deposition of 
CaF2 on the enamel and showed a superficial anti-cariogenic 
action.20Leamy et al demonstrated that heating the enamel 
structure by lasers stimulated the trapping of fluoride due 
to synthetic hydroxyapatite.29 The reactive accumulation of 
CaF2 on the enamel surface shows excessive fluoridation. 
The relationship between the precipitate formation of CaF2 
on the enamel surface and excessive fluoridation has been 
confirmed in studies of hydroxyapatite behaviour in solu-
tions of fluoride ions.30,31

Diode laser showed decreased uptake of fluoride in enamel 
when compared with Er: YAG laser. Two mechanisms have 
been proposed regarding the action of diode laser with fluo-
ride: (i) incorporation of fluoride in enamel as a result of 
the thermal effect of the laser treatment32 and (ii) retention 
of fluoride in surface alterations.33 Of these, diode laser pre-
dominantly has the thermal effect which enhances the uptake 
in the enamel of fluoride. Sub-ablative effect of Er: YAG la-
ser proves to be more effective than the thermal effect of the 
diode laser.

Also, in the present study, there was higher uptake of fluoride 
in APF gel as compared to NaF gels group on laser irradia-
tion. AFP has been proven to increase fluoride absorbance in 
dental tissues.34A study by Arief et al concluded that APF gel 
can resist high enamel demineralization on acid exposure, so 
it can maintain the hardness of enamel surface.35 A greater 
fluoride concentration in the APF gel, application regimen, 
its lower pH and porosity of the lesion increases fluoride 
absorption. PDF reacts with hydroxyapatite of enamel and 
forms fluorapatite which is highly resistant towards acid. It 
also increases the concentration of fluoride in saliva. Instan-
taneous and initial surface adsorption process has been noted 
whereby dissolution of enamel mineral and re-precipitation 
of fluoride-rich reaction products onto enamel surface occurs 
after application of APF gel. Diffusion-controlled process 
of fluoride penetration into interprismatic areas of enamel 
and its interaction with enamel crystallites is followed 
thereafter.36Delbem et al compared APF with NaF toothpaste 
and concluded “that professionally applied fluoride gel or 
frequent fluoride application in low concentration is an ef-
fective preventive measure for the control of dental caries”.37

Delbem and Curry also found that APF gel increased the for-

mation of more fluoride in enamel than neutral NaF gel and 
also was more efficient in minimizing the demineralization 
of the enamel blocks subjected to a cariogenic challenge.38 
In in-vitro conditions, calcium fluoride is formed at pH7 
when fluoride concentrations are 300 ppm in contrast to 100 
ppm at pH 5.39 Curylofo-Zotti et al in his study stated that 
NaF application on teeth followed by YAG irradiation sig-
nificantly increases fluoride uptake and concluded that NaF 
can be used as an alternative to APF as NaF-Er: YAG laser 
combination.40

Fluoride ion-selective electrode was used in the present 
study to determine the uptake of fluoride on the enamel sur-
face. There was high uptake of fluoride on enamel surface” 
of all the teeth lased with either diode or Er: YAG laser in 
this study when assessed by fluoride ion-selective electrode. 
Even though control and experimental groups had significant 
uptake of fluoride, the intergroup assessment of uptake of 
fluoride between APF-Er: YAG, NaF-Er: YAG, APF-diode, 
NaF-diode laser groups was not statistically significant. Vil-
lalba-Moreno et al used fluoride ion-selective electrode (ISE) 
in their study to quantitatively determine the incorporation of 
fluoride ion into the dental structure of teeth treated with di-
ode laser and concluded that the laser treatment significantly 
increased the binding of fluoride to the enamel surface with 
no damage to the enamel.17 Vitale et al. conducted a study to 
analyse for compositional changes of enamel using a fluo-
ride ion-selective electrode in enamel before/after laser ir-
radiation with topical fluoride application.1 They confirmed 
an increased capability of lasers to enhance fluoride uptake 
of enamel and provide the enamel surface protection from 
acid attack. 

In the present study (Table 4), the highest mean uptake of 
fluoride was seen inAPF-Er: YAG group (2.51 ± 0.34). This 
was trailed by NaF-Er: YAG group (2.17 ± 0.59) and APF-
Diode group (0.36 ± 0.30) and the least uptake of fluoride 
was seen in NaF-Diode group which was 0.13 ± 0.09. The 
fluoride was deposited not only on the enamel surface but 
also absorbed into deeper tissues. The total uptake of fluo-
ride on teeth was carried out using potentiometric analysis. 
Pai et al calculated “the concentration and pattern of fluoride 
ion uptake into enamel” using fluoride ion-selective elec-
trode and found that the uptake of fluoride ion was up to 
the depth of 45-54 µm.41 However, Delbem et al found that: 
YAG laser causes alterations to the surface and sub-adjacent 
tissues up to 1mm in teeth which were determined by poten-
tiometric analysis.20

Similar results were found in the total uptake of fluoride on 
teeth in all the groups by potentiometric analysis as observed 
for fluoride uptake on enamel surface by fluoride ion elec-
trode, but the results were highly significant in the poten-
tiometric analysis (Table 5) However, the present study was 
carried out in in-vitro conditions and does not determine the 
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exchange of fluorides in the oral cavity between saliva and 
teeth, which can also be an important factor to determine the 
uptake of fluoride in the teeth. Further studies should be car-
ried out to determine the actual uptake of fluoride in in-vivo 
condition. 

CONCLUSION

Er: YAG laser and diode laser after fluoride application on 
teeth demonstrated higher uptake of fluoride not only on 
enamel surface but also into the deeper structures. But, Er: 
YAG laser showed better results than the diode laser for the 
incorporation of fluoride in teeth. Also, APF-Er: YAG laser 
combination is most effective in the incorporation of fluoride 
in the teeth followed by NaF-Er: YAG, APF-Diode and NaF-
Diode combination being the least. Potentiometric analysis 
method gave better results as it determined the total uptake 
of fluoride in teeth in comparison to fluoride ion-selective 
electrode which could determine only the uptake of fluoride 
on the enamel surface of teeth. Combination of either laser 
(Diode or Er: YAG) along with fluorides (acidic or neutral) 
showed higher uptake of fluoride on enamel as well as deep-
er surfaces of the tooth. This combination also provides a 
protective surface coating against caries providing a preven-
tive approach to caries.
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Table 1: Comparison of fluoride uptake on enamel surface of teeth using fluoride ion electrode by unpaired 
‘t’ test
Groups Sub-groups Mean SD p value

APF-Diode Control 0.02 0.01 0.094

Experimental 0.08 0.09

NaF-Diode Control 0.04 0.01 0.005*

Experimental 0.06 0.02

APF-Er: YAG Control 0.12 0.08 0.021*

Experimental 0.16 0.09

NaF-Er:YAG Control 0.07 0.01 0.001*

Experimental 0.13 0.02

Table 2: Comparison of total fluoride uptake on teeth using potentiometric analysis by unpaired “t” test
Groups Sub-groups Mean SD p value

APF-Diode Control 0.07 0.02 0.059

Experimental 0.36 0.30

NaF-Diode Control 0.06 0.04 0.028*

Experimental 0.13 0.09

APF-Er: YAG Control 2.17 0.36 0.000*

Experimental 2.51 0.34

NaF-Er: YAG Control 1.71 0.73 0.001*

Experimental 2.17 0.59
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Table 3: Comparison of fluoride uptake on the enamel surface of teeth treated by fluoride ion electrode using 
one way ANOVA
Groups Number Mean Standard Deviation F Significance

APF-Diode 5 0.08 0.09

2.223 0.125
NaF-Diode 5 0.06 0.02

APF-Er:YAG 5 0.16 0.09

NaF-Er:YAG 5 0.13 0.02

Table 4: Comparison of total fluoride uptake on teeth by potentiometric analysis by one way ANOVA
Groups Number Mean Standard Deviation F Significance

APF-Diode 5 0.36 0.30 52.554 0.000*

NaF-Diode 5 0.13 0.09

APF-Er:YAG 5 2.51 0.34

NaF-Er:YAG 5 2.17 0.59

Post hoc comparison between groups by Tukey’s test

Groups NaF-Diode APF-Er:YAG NaF-Er:YAG

APF-Diode 0.361 0.001* 0.001*

NaF-Diode - 0.001* 0.001*

APF-Er:YAG - - 0.180

NaF-Er:YAG - - -

* p value significant at the <0.05 level.

Table 5: Comparison of fluoride uptake on teeth analyzed using Fluoride ion electrode and Potentiometric 
analysis by unpaired ‘t’ test

Fluoride ion electrode
(Mean ± SD)

Potentiometric analysis
(Mean ± SD)

p-value

APF-DIODE 0.08 ± 0.09 0.36 ± 0.30 0.094

NaF-DIODE 0.06 ± 0.02 0.13 ± 0.09 0.005*

APF-Er:YAG 0.16 ± 0.09 2.51 ± 0.34 0.021*

NaF-Er:YAG 0.13 ± 0.02 2.17 ± 0.59 0.001*

*p-value significant at the <0.05 level.


