
Scientific  Article

e92    EFFECTS OF LASER ASSISTED FLUORIDE THERAPY ON ENAMEL DEMINERALIZATION     

PEDIATRIC DENTISTRY     V 34 /  NO 4     JUL /  AUG  12

Effects of Laser-assisted Fluoride Therapy With a CO2 Laser and Er,Cr:YSGG Laser on  
Enamel Demineralization
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Abstract: Purpose: The purpose of this in vitro study was to evaluate the irradiation efficacy of the CO2 laser and the Er,Cr:YSGG laser—either 
unassisted or assisted by acidulated phosphate fluoride (APF) treatment—on enamel’s acid resistance. Methods: One hundred twenty enamel samples, 
obtained from 20 extracted human molars, were randomly assigned to 6 groups as follows: (1) control (C); (2) exposed to acidulated phosphate fluo-
ride (APF) gel (F); (3) Er,Cr:YSGG laser (EL); (4) irradiated with Er,Cr:YSGG laser through APF gel (EL/F); (5) CO2 laser (CL); and (6) irradiated with CO2  
laser through APF gel (CL/F). The specimens were individually demineralized in an acidified hydroxyethylcellulose system, and the acid resistance was  
evaluated by determining the calcium ion using atomic absorption spectrometry. Results: The average concentration of the calcium ion determined 
in groups C, F, EL, EL/F, CL, and CL/F was, respectively, 3.36, 2.63, 2.26, 2.32, 2.24, and 1.51 ppm. The results showed that demineralization in the: CL/F  
group was significantly less than the other groups; and the control group was significantly more than the other groups (P<.001). Conclusion: The effect  
of CO2 laser irradiation, used with acidulated phosphate fluoride, in decreasing the enamel demineralization was more than all the other groups.  
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Enamel demineralization is a significant clinical problem.1 De- 
mineralization can lead to caries,1 which can result in other 
problems such as tooth loss.2 Although the incidence of dental 
caries has declined significantly over time, it is still the most 
prevalent disease in the world.3

Different methods have been proposed to prevent caries,  
such as using casein phosphopeptide-amorphous calcium  
phosphate,4 fluoride-containing products, and laser irradiation. 
However, one of the most important means is to encourage  
patients to consider their oral hygiene and include recommen- 
dations for increased fluoride exposures.5 Fluoride-containing 
products are well known to be effective for the prevention of  
dental caries.5,6 Fluoride works via 3 different mechanisms to 
induce its cariostatic effect. It: (1) inhibits bacterial metabolism; 
(2) inhibits demineralization2,7; and (3) enhances remineral- 
ization.7

There are different systems for topical application of fluo- 
ride, such as sodium fluoride, stannous fluoride, and acidulated 
phosphate fluoride (APF).8 APF at a 1.23% concentration is  
available in the forms of gel, solution, and foam and is ready to  
use. The pH should be between 3 and 5. All of these systems 
should be in contact with teeth for at least 4 minutes to achieve  
the maximum cariostatic effect.5,8 Comparing these systems, 
APF has proved to be better than the others, since it produces 

more fluorohydroxyapatite during its chemical reaction with 
hydroxyapatite.8

Since 1964, when Stern and his coworkers first used a  
ruby laser to assess its effect on preventing caries, many inves- 
tigations have demonstrated that exposure of enamel to laser  
irradiation increases its resistance to demineralization.9-11 Even- 
tually, laser therapy was introduced as an alternative for the  
prevention of dental caries.

There are several theories regarding the mechanism in which 
laser irradiation could increase enamel’s resistance to deminer- 
alization. Hsu et al.,12 proposed the “organic blocking” theory, 
which explains partial denaturation of an organic matrix that 
may block the diffusion pathway in enamel.13 Other theories 
include melting, fusion, recrystallization of hydroxyapatite  
crystals, creation of microspaces, and the reduction in organic, 
carbonate, and water content of enamel.14

The efficacy of fluoride treatment either after or before  
CO2 laser treatment for caries prevention has been demonstra- 
ted by some authors.13,15,16-21 There are also some other inves- 
tigations regarding the efficacy of the Er,Cr:YSGG laser before 
or after fluoride treatment in prevention of demineraliza- 
tion.22,23 None of these investigations, however, have attempted  
to compare the effect of the CO2 laser or Er,Cr:YSGG laser  
alone or assisted by laser fluoride therapy (LAFT).

Thus, the purpose of this study was to compare the ability 
of the CO2 laser and Er,Cr:YSGG laser, assisted by acidulated 
phosphate fluoride therapy, to inhibit demineralization in  
human enamel.

Methods
Preparation of the enamel samples. Twenty nonerupted  
human third molars were collected. After ensuring they were  
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free from cracks, erosion, caries, or any structural defect via 
radiography, the teeth were stored in 0.1% thymol solution.22 
The crowns were removed approximately to the cementoena- 
mel junction. The crowns were cut mesiodistally in the mid- 
dle, and 2 cuts were made buccolingually, making 6 specimens  
from each crown. All specimen surfaces were covered with nail 
varnish, except for a 2 × 2 mm window on the enamel surface, 
which was measured by a cullis. An enamel sample from each  
tooth was randomly divided into the 6 groups (total=120, with  
20 in each group). This approach provided a sample from  
each tooth in each group, so that all materials were tested in  
each tooth. This is the equivalent of a within subject control  
design.

Experimental design. The surface treatment was per- 
formed under the following conditions: no treatment or control 
(C); APF gel alone (F); Er,Cr:YSGG laser alone (EL); Er,Cr: 
YSGG laser irradiated through APF treatment (EL/F); CO2 laser 
alone (CL); CO2 laser irradiated through APF gel treatment  
(CL/F). This study used 120 human enamel samples (20 sam- 
ples for each group) obtained from 20 molars. We evaluated the 
acid resistance by determining the calcium ion released from 
demineralization using atomic absorption spectrometry.

Fluoride treatment and laser irradiation. There was no 
treatment done in group C. The samples in group F were treated 
with the APF gel (Topex APF fluoride gel, Sultan Healthcare 
Inc, Englewood, Calif, USA) for 4 minutes, according to the  
manufacturer’s instructions, and then the gel was washed off.

The samples in group EL were irradiated for 10 seconds  
with an Er,Cr:YSGG laser (Waterlase, Biolase Technologies  
Inc, San Clemente, Calif, USA) via the following settings: 
WaveLength=2,780 nm; Power=0.25 Watt; pulse energy= 
12.5 mJ; repetition rate=20 Hz; pulse duration=140 micro  
second; 11% air; and 0% water. A G6 tip, 600 µm in diameter, 
was used. The irradiation was done at a distance of 1 to 2 mm  
from the tooth surface.

The samples in group EL/F were first treated with APF gel 
for 2 minutes and then irradiated with the Er,Cr:YSGG laser  
for 10 seconds without removing the gel. The output power  
in this group was 0.5 W. The APF gel was left on for another  
2 minutes and then washed off.

The samples in group CL were irradiated with a CO2 laser 
(Ultra Dream Pulse Ѵ, DS_40U [all in one], Daeshin Enter- 
prise, Seoul, South Korea), emitting energy on a 10.6 µm wave- 
length for 10 seconds. The parameter settings used were based 
on the manufacturer’s recommendations: peak power=291 W; 
pulse duration=100 µs; and interval time=20 ms. The beam 
spot size was 0.2 mm. The irradiation was done at a  
distance of 1 cm in the focal point of the laser beam.

The enamel samples in group CL/F were first treated 
with APF gel for 2 minutes and then irradiated with  
the CO2 laser for 10 seconds without removing the gel. 
The output power in this group, according to the manu- 
facturer’s recommendations, was 252 W and the pulse  
duration was 200 µs. The gel was kept on for another  
2 minutes before being washed off.

All irradiations were completed by a standardized 
expert dentist in a scanning style that allowed the entire 
surface to be covered. 

Demineralization. Each enamel sample was placed  
in 50 ml of an acidified hydroxyethyl cellulose (HEC) 
system (pH=4.5) for 3.5 days.24 The samples were re- 

moved and prepared to be examined by atomic absorption spec- 
trometry. To ensure accurate results, a pilot study was per- 
formed to prove the solution was effective for demineralization.

Atomic absorption spectrometry. The acid resistance of 
each enamel sample was evaluated by determining the parts  
per million of calcium ions of each solution using atomic ab- 
sorption spectrometry (Thermo Elemental Company, Solar M5, 
Cambridge, England).

The data was imported into SPSS 14 software (SPSS Inc, 
Chicago, Ill, USA) for statistical analysis. An analysis of vari- 
ance model was first constructed. This was followed by a Tukey  
Honestly Significant Difference (HSD) test for multiple pair- 
wise comparisons of mean values, since the variances were  
similar (Leven’s test; P<.09). Alpha was set at 0.05.

Results
The mean value of the calcium ions in each group and the stan- 
dard deviation of each group are shown in Table 1. The results 
of the study showed there was a statistically significant differ- 
ence (P<.001) between group C and all the other groups and 
between groups CL and CL/F and all the other groups. The 
Control group had the most decalcification, and group CL/F  
had the least. There was no statistically  significant difference 
between the other groups. However, the group exposed to APF 
gel had more decalcification than the CL group, the EL group  
or the EL/F group. Enamel demineralization was more in the 
EL/F group than the CL and the EL group. The EL group had 
more decalcification than the CL group. The multiple compar- 
isons between groups are shown in Table 2. 

Discussion
The current study showed that fluoride treatment, CO2 and Er, 
Cr:YSGG laser irradiation by itself or assisted by fluoride ther- 
apy could significantly decrease enamel demineralization. One  
of the specifications of this study was using LAFT. In most  
studies, the use of fluoride was either before the laser irradi- 
ation13,20,23 or after it.17,23 The other specification was using 2  
different kinds of lasers. The reason for choosing these 2 lasers  
(CO2 and Er,Cr:YSGG) was due to the recommendations of  
the previous investigations and their high surface absorbance.11,15

It is believed that using laser irradiation combined with 
fluoride treatment can control caries in high-risk areas, such 
as around brackets during orthodontic treatment9 or rest areas  
during prosthodontic treatments. Using CO2 laser irradiation  
has also resulted in  caries inhibition around composite restora-
tions.25 The CO2 laser has abundant usage in dental applications, 

Table 1.    MEAN VALUE OF THE CALCIUM ION AND STANDARD DEVIATION  
                  OF EACH GROUP

Groups* Mean±(SD) 95% confidence  
interval for mean

Minimum Maximum P-value

Lower Upper

C 3.36±0.48 3.13 3.58 2.70 4.30 .00

F 2.63± 0.73 2.29 2.97 1.50 4.10

EL 2.26± 0.46 2.04 2.48 1.50 3.20

EL/F 2.32± 0.86 1.91 2.73 0.80 4.30

CL 2.24± 0.92 1.81 2.67 1.00 5.50

CL/F 1.51± 0.39 1.33 1.69 0.80 2.50
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especially in soft tissue surgery. The Er,Cr:YSGG laser is used  
for enamel ablation and soft and hard tissue surgeries. There- 
fore, the aim was to find another usage for the Er,Cr:YSGG  
laser, which is used widely in dental offices. 

The reason to use HEC for our demineralization solution  
was its composition, since it didn’t contain any calcium. In this 
study, the amount of calcium ions from demineralization of the 
samples was determined to be very little. Therefore, this solu- 
tion was the best choice for reducing the incidence of inaccuracy.

In several studies CO2 laser irradiation either alone or with  
APF treatment could inhibit demineralization in enamel ca- 
ries.16,26,27 We reached the same conclusions as some of the other  
studies in that the combination of laser irradiation and fluoride  
treatment was more effective than using each one alone.15,19,20,25,28  
In several investigations, Er,Cr:YSGG laser irradiation would 
increase the enamel’s acid resistance.22,23,29,30

According to the investigation by Moslemi et al.23 in 2009, 
there was a significant difference between Er,Cr:YSGG irradia- 
tion alone and when combined with fluoride treatment. In  
another study, there was no significant difference when using 
a CO2 laser alone or in combination with fluoride treatment.  
These 2 studies were both in contrast with the results of the  
present study. This is possibly due to different parameters of  
irradiation, laser settings, and demineralization solutions. 

There are several theories regarding the mechanism by  
which laser irradiation could increase enamel’s acid resistance.  
Some believe by decreasing the carbonate that is in hydroxy- 
apatite (HA), enamel’s acid resistance would increase. This is 
acquired through laser irradiation and changing the carbonated  
HA in the enamel to an HA which is less soluble by altering its  
crystal structure.15,17,31 Another theory posits that laser irradi- 
ation causes the HA crystals to melt and fuse again. Therefore, 
the surface of the enamel would be sealed and more resistant  
to demineralization.23,25,32

The increase of enamel’s acid resistance after laser irradia-
tion on the threshold of subablative parameters is attributed 
to photothermal effects rather than photomechanical effects.22 
According to some investigations, to achieve these photothermal 
effects a temperature ranging from 100°C to 600°C is neces- 
sary.32,33 The energy density required for enamel’s acid resistance  
and this change of temperature when using an Er,Cr:YSGG  

laser is 8 to 13 J/cm2.32,34 Therefore, although using lasers with 
high energy would melt and fuse enamel’s HA crystals and  
decrease enamel’s demineralization, the high temperature  
(>1,000°C) that they produce may increase the temperature in  
the pulp or underlying dentin, which can be harmful.35

There are different concepts about the mechanisms in  
which laser-fluoride treatments decrease demineralization. One  
of the concepts explains that laser irradiation creates micro-
scopic spaces in the enamel.36,37 These small spaces are impor- 
tant in preventing enamel dissolution, since they can trap free 
ions that are in the solution after the demineralization phase.14,27 
On the other hand, in the presence of fluoride, HA changes to 
fluoroapatite (FAP). During fluoride treatment, the fluoride 
ions spread between enamel prisms and create a layer of fluo- 
ride coating. After irradiating with CO2 laser, this fluoride  
coating, together with several microns on the enamel’s outer  
surface, will melt and crystallize again—thus making a new  
structure, which is the FAP.38 Results from a study by Chin-Ying 
and his coworkers showed that, after CO2 irradiation, the fluo- 
ride concentrations in enamel would increase in both forms of 
loosely bound (on enamel surfaces) and firmly bound apatitic 
fluoride. Both forms can facilitate remineralization and inhibit 
demineralization during an acid attack by being released from  
the tooth structure.20,39

Since the laser irradiation and fluoride treatment were  
used simultaneously (LAFT) in the present study, it seems that  
the possible mechanism is the thermal effect of the laser; hence, 
there shouldn’t be much alteration in the surface structure,  
because the laser  was not in contact with the surface of the  
enamel. Actually, the laser worked as an accelerator, and it is 
believed that the probable mechanism in these groups was  
simply fluoride’s effect in preventing demineralization.

To prevent ablation of enamel, subablative parameters were 
used and laser irradiation was done without water cooling to 
increase surface temperature and not harm the pulp.32,38

It is recommended that future studies conduct SEM exami-
nations or other investigations to evaluate surface changes and 
chemical alterations. Different demineralization solutions and 
various methods for the evaluation of this demineralization  
should also be tested to evaluate and establish optimal prophy- 
lactic effects. It is also recommended to compare LAFT with  
laser irradiation either before or after fluoride treatment.

Conclusions 
Based on this study’s results, it can be concluded that:

1.  APF treatment could decrease decalcification of enamel.
2.  Er,Cr:YSGG laser irradiation either by itself or assisted 

by fluoride treatment could decrease decalcification of 
enamel.

3.  CO2 laser irradiation or Er,Cr:YSGG laser irradiation 
can prevent demineralization of enamel more than 
Er,Cr:YSGG laser irradiation assisted by fluoride treat-
ment in the conditions of this study. 

4.  Using a CO2 laser assisted by fluoride therapy can  
prevent enamel demineralization.
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Table 2.    SIGNIFICANT DIFFERENCE BETWEEN GROUPS  
                 (P-VALUE) AND MULTIPLE COMPARISONS BASED  
                 ON TUKEY HSD* 
Groups* P-value

C F EL EL/F CL CL/F

C >.01 .00 .00 .00 .00

F <.52 .70 <.46 .00

EL 1.00 1.00 .009

EL/F >.99 .003

CL >.01

CL/F

  * HSD = Honestly Significant Difference.
** Control group=C; group exposed to acidulated phosphate fluoride gel=F;  
group irradiated with Er,Cr:YSGG laser=EL; group irradiated with Er,Cr: 
YSGG laser through APF gel=EL/F; group irradiated with CO2 laser=CL;  
group irradiated with CO2 laser through APF gel=CL/F.
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