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Introduction
Despite the advances in caries prevention in permanent 
teeth, preventive methods have not been very efficient for 
primary teeth.1 In smooth surfaces of teeth, caries mainly 
occurs at plaque accumulation areas and is initially in 
the form of white spots or lines.2 At this stage, caries is 
reversible and the process of demineralization can be 
stopped and replaced by remineralization.3 For this 
purpose, fluoride-containing products are used as the 
standard method of caries prevention. Laser has also been 
evaluated for this purpose in some previous studies. Laser 
causes chemical alterations in the enamel and increases its 
resistance to caries.4,5 
Erbium lasers in 2 common forms of Er:YAG and 
Er,Cr:YSGG are popular in dentistry. They have similar 
characteristics and both use solid crystals as conductors. 

The erbium ion (Er3+ ) is the active ion in these lasers.6,7

Er,Cr:YSGG laser contains erbium and chromium 
ions, yttrium crystals, scandium, gallium and garnet. 
It operates at 78.2 μm wavelength for dental purposes 
such as cavity preparation, caries removal, endodontic 
treatment and surgery. This wavelength is well absorbed 
by the OH- groups present in hydroxyapatite crystals and 
increases the temperature of tooth surface up to 800°C 
at the ablation threshold and results in crystallographic 
changes in the enamel without causing evaporation or 
melting of carbonated hydroxyapatite.8-11 
Simultaneous application of fluoride and laser as a 
caries prevention method has been extensively evaluated 
in previous studies. Some studies have reported that 
application of both methods is beneficial and have shown 
that fluoride uptake increases after laser irradiation.12-17 
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Some other studies have shown that simultaneous 
application of laser and fluoride has no advantage over the 
use of each of them alone to increase acid resistance.18,19 
However, controversy exists regarding the application of 
fluoride before or after laser therapy.20 Also, most of these 
studies have been conducted on permanent teeth and 
those on primary teeth are scarce.21-23 
Some previous studies have artificially induced initial 
carious lesions and assessed the effect of different 
preventive measures on them.11,18,20,23,24 
In order to simulate oral clinical conditions, primary 
teeth with white spot lesions (WSLs) were used in the 
current study. This study aimed to compare the efficacy 
of fluoride gel alone and in conjunction with Er,Cr:YSGG 
laser for remineralization of WSLs in primary teeth.

Methods
Twenty primary teeth with sound crowns and no caries 
were extracted due to over-retention, ankylosis or space 
deficiency and stored in saline. The teeth were then dried 
with air spray and visually inspected for absence of non-
carious WSLs such as hypoplasia, hypomineralization 
and fluorosis and the teeth with WSLs due to caries 
were entered in the study. At least 2 adequately large 
WSLs or white spot lines were present on teeth surfaces. 
The samples were disinfected using 0.5% chloramine 
T solution. WSLs were cut in half by a diamond disc 
(Huaxian Gaoping YanaDa Diamond, China) under 
water coolant in occlusogingival direction towards the 
pulp. If the lesion was adequately large, it was divided into 
3 sections; otherwise, another WSL on the surface was 
sectioned. In total, 3 slices of each tooth were obtained 
(Figure 1). The entire surface of specimens except for 
the WSL was covered with nail varnish. The specimens 
were then evaluated under a stereomicroscope (Olympus, 
Japan) by a blind observer (Figure 2). Specimens in which 
demineralization had reached dentinoenamel junction 
(DEJ) and caries was seen as a dark line at the DEJ were 
excluded along with the other 2 specimens obtained from 
the same teeth and replaced with new specimens.
Three sections obtained of each tooth were randomly 
assigned to one of the 3 groups:
Group 1 or control group: no intervention.
Group 2: 1.23% APF gel was applied on the surface of 
specimens for 4 minutes.

Figure 1. Slice of Tooth With White Spot Lesion. Figure 2. White Spot Lesion Under Stereomicroscope.

Group 3: Specimens were subjected to Er,Cr:YSGG laser 
irradiation followed by the application of 1.23% APF gel.
The specimens were coded from 1 to 60 with a black nail 
varnish. Digital images were obtained of each specimen 
using a camera attached to a stereomicroscope at ×25 
magnification. Digital images were stored in a computer 
attached to a camera. Using HYCAD version 5.35 
software, the surface area of the WSLs was measured and 
recorded.
After recording the baseline data, the interventions were 
performed. In the control group, no intervention was 
performed on the specimen. In group 2, 1.23% APF gel 
(60 Taste® Second Fluoride Gel, Pascal Company Inc., 
USA) was applied to the specimens for 4 minutes and was 
then wiped off with a wet gauze.
In group 3, specimens were first mounted in acrylic resin 
and Er,Cr:YSGG laser was irradiated (Waterlase, Biolase 
Technology, San Clemente, CA, USA) on the lesion (0.5 
W power, 20 Hz frequency, 60% water, 40% air, pulse 
duration of 5±1 seconds). 
Duration of irradiation was determined based on the 
protocols used in previous studies and conduction of 
a pilot study taking into account the surface area of the 
WSLs. Immediately after laser irradiation, each specimen 
was exposed to fluoride gel as described earlier. All 
samples were immersed in artificial saliva (Kin Hidrat, 
Laboratorios, Spain). Due to the presence of fluoride in 
remineralizing solutions, which are used for pH cycling),25 
these solutions were not used in our study. Moreover, 
in order to decrease the confounding effect of fluoride 
released from the specimens into the artificial saliva and 
to standardize the samples, all samples were immersed in 
the same solution altogether. After 10 days, the samples 
were observed under a stereomicroscope again with the 
same magnification and digital images were captured 
by the same examiner. Surface area of the lesions after 
the intervention was measured using HYCAD software. 
These values were compared with the baseline values 
before the intervention. 
Data were expressed as the mean, standard deviation 
(SD), maximum and minimum values. SPSS version 
16 software (SPSS Inc., Chicago, IL, USA) was used 
for statistical analysis and drawing tables and Excel XP 
software was employed for drawing the diagrams. The 
Kruskal-Wallis, Mann-Whitney and Wilcoxon signed 
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rank tests were used for data analysis. HYCAD software 
was used to compare the changes in the surface area 
of WSLs of primary teeth following the application of 
fluoride alone and in combination with Er,Cr,YSGG laser 
on stereomicroscopic images. The obtained values were 
entered into SPSS version 16 software. 

Results
The mean, SD, minimum and maximum surface area of 
the WSLs before and after the interventions are shown in 
Table 1.
The Shapiro-Wilk test showed that the variable of change 
in surface area of WSLs in groups did not have a normal 
distribution (maximum possibility of 0.037) and Levene 
test showed inequality of variances in the groups. Thus, 
to compare the changes in the surface area of WSLs in 
the groups, non-parametric Kruskal-Wallis test was 
employed and revealed a significant difference among the 
3 groups (P < 0.001; Table 2).
Pairwise comparison of groups using the Mann-Whitney 
U test showed that the reduction in WSL surface area 
was significantly different between groups one and 2 
(P < 0.001) and groups one and 3 (P < 0.001); however, no 
significant difference was noted between groups 2 and 3 
(P = 0.265) in this regard.
Comparison of the surface area of WSLs before and after 
the intervention in each group showed no significant 
difference in this regard in group one (P = 0.737); however, 
groups 2 and 3 showed significant differences after the 
intervention compared to baseline (both P values <0.001) 
(Table 3; Figure 3).

Discussion
Despite a general reduction in caries prevalence in 
primary teeth in the recent years, its prevalence in some 
specific populations has increased. Early childhood caries 
(ECC) is still a major public health dilemma. Considering 
the high cost of dental treatments and difficulties in 
behavior management of children, greater attention to 
prevention of caries seems imperative. 
Optimal efficacy of professional application of topical 
fluoride gel for prevention of caries and reversing 
the process of demineralization in WSLs has been 
confirmed.7,26 
Considering the young age of children at the onset of 

ECC and limitations in frequent applications and use of 
high dose fluoride at early ages (due to its side effects),1,26 
strategies must be adopted to reinforce the effects of 
topical fluoride application while preventing its side 
effects. Laser application has been recommended for 
this purpose and its use with/without fluoride has been 
proposed by some researchers.12-18 Several mechanisms 
have been attributed to laser. Laser decreases the content 
of carbonate ions and thus, decreases the solubility of 
enamel, changes the polarization of enamel components 
and increases the substantivity of fluoride ions next to 
the enamel. Laser re-crystalizes and fuses the enamel 
prisms and by changing the organic structure of enamel, 
decreases its acid solubility and confers caries resistance 
to tooth structure.27-29 However, since the application of 
laser requires costly equipment,7 the possibility of laser 
enhancing the preventive effect of fluoride must be 
carefully investigated considering the above-mentioned 
limitations of laser. The current in vitro, experimental 
study compared the reduction in surface area of 60 
WSLs on the crowns of 20 extracted primary teeth in 3 
groups of control, 1.23% APF gel and Er,Cr,YSGG laser in 
combination with 1.23% APF gel. 
In most previous studies, WSLs were not present on 
the teeth surfaces in the first place and incipient caries 
were later induced artificially via demineralization and 
remineralization cycles.11-13,18,20,21,30,33 
The current study results showed that in the no-
intervention control group, where the samples were 
only immersed in artificial saliva, no change occurred 

Table 1. The Mean, Standard Deviation, Minimum and Maximum Surface Area of the WSLs Before and After the Interventions

Descriptives Number Median Standard Deviation Maximum Maximum Mean

Before treatment
G1 20 2285.7700 260.69454 362.05 4435.77 2286.4785

G2 20 2863.8765 535.77088 964.88 8711.75 1839.3085

After treatment

G3 20 2586.3360 411.85628 902.28 8429.26 2178.6800

G1 20 2300.8432 256.27244 375.06 4262.98 2450.5270

G2 20 2458.4586 501.10941 524.56 7520.94 1597.3565

Difference

G3 20 1939.9379 365.06409 707.21 7515.67 1306.5945

G1 20 15.0732 33.11909 -216.70 347.95 -14.5200

G2 20 -405.4180 81.25373 -1190.82 -52.93 -247.4705

Figure 3. Changes in the Surface Area of WSLs After the Intervention 
in the 3 Groups.
G1: Control; G2: Fluoride; G3: Laser+ fluoride; Blue: Before the 
intervention; Red: After the intervention.
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in the extent of lesions. In group 2, where the samples 
were exposed to 1.23% APF gel for 4 minutes and were 
then immersed in artificial saliva, the extent of lesions 
significantly decreased after the intervention compared 
to the baseline value (P < 0.001). In group 3, where laser 
was irradiated prior to fluoride application, a significant 
reduction occurred in the extent of lesions (P < 0.001). 
Groups 2 and 3 showed significant differences with the 
control group (P<0.001) but the difference between the 
fluoride and laser plus fluoride group was not significant 
(P = 0.265). 
Azevedo et al, in 2012 evaluated the enamel resistance 
of primary teeth to acid using microhardness test and 
assessed the demineralization depth under a microscope. 
They found higher resistance in APF and APF plus laser 
groups compared to the control group but the APF and 
APF plus laser groups were not significantly different; 
this finding is in line with our results. They used Nd:YAG 
laser in their study. Moreover, the samples were initially 
sound and were then subjected to demineralization/
remineralization cycles.33

Tagliaferro et al assessed primary enamel resistance to 
demineralization by the Knoop microhardness test. The 
enamel resistance in groups treated with laser and/or APF 
was higher compared to the control group, and combined 
application of laser and fluoride caused no significant 
change in the results compared to other interventions, 
which is similar to the current study results. They 
artificially created caries-like lesions on primary teeth and 
applied laser and fluoride on the lesions, simulating oral 
environment, which is similar to our study. However, their 
study was different from ours in that after the application 
of laser and fluoride in their study, the specimens were 
subjected again to pH cycling. Moreover, WSLs were 
artificially created in their study and they used CO2 laser.30

Hicks et al in 1995 assessed the depth of WSLs under a 
microscope and showed that application of APF before 
and after laser irradiation increased the enamel resistance 
compared to the control group. These results are in 
agreement with our findings. Their study, however, had 

Table 3. Comparison of the Lesions Before and After the Intervention 
Using Wilcoxon Signed Rank Test

Group Before and After the Intervention

1 
Asymp. Sig. (2-tailed)

-.336
.737

2
Asymp. Sig. (2-tailed)

-3.920
.000

3
Asymp. Sig. (2-tailed)

-3.920
.000

Table 2. Comparison of the 3 Groups Using the Kruskal-Wallis Test

Group Number Mean Value

G1 20 48.20

G2 20 23.65

G3 20 19.65

Total 60

Chi-square = 31.340, df = 2, Asymp. Sig. = 0.000.

some differences with ours. For instance, they used argon 
laser in their study and did not evaluate the application 
of APF gel alone. Moreover, they artificially induced the 
WSL after the application of laser and APF gel.22

Westerman et al in 2004 assessed the primary enamel 
resistance by measuring the depth of WSLs under a 
microscope and showed that application of laser along 
with APF gel decreased the depth of WSLs compared 
to the control group. They did not evaluate the efficacy 
of application of fluoride alone. They used argon laser 
and induced caries-like lesions artificially following the 
application of laser and fluoride.21 
Anaraki et al in 2012 assessed enamel resistance of molar 
teeth using atomic absorption spectroscopy and showed 
that demineralization in the CO2 laser group was lower 
than that in APF and APF plus Er,Cr,YSGG laser groups. 
They showed that CO2 laser significantly enhanced 
enamel resistance to demineralization compared to the 
application of APF alone. However, no difference was 
noted in enamel resistance following the application of 
Er,CR,YSGG laser plus fluoride and APF alone, which is 
in accordance with our results.13

Ana et al in 2012 used the Knoop microhardness test and 
noted no difference in the application of Er,Cr,YSGG laser 
plus APF compared to the use of APF gel alone, which 
is in agreement with the current study results. However, 
measurement of calcium fluoride showed higher amount 
of calcium fluoride in combined use of laser and fluoride 
compared to the use of fluoride alone. As explained earlier, 
this can be attributed to the effect of laser on maintaining 
the fluoride ions next to the enamel by changing enamel 
polarization. But, this change did not result in a significant 
increase in enamel microhardness.11 Chin et al in 2004 
used secondary ion mass spectrometry and showed that 
2 and 4W CO2 laser enhanced the preservation of fluoride 
ions adjacent to the enamel.34

Moslemi et al in 2009 used atomic absorption spectrometry 
and showed that permanent enamel had higher resistance 
to demineralization following the use of Er,Cr,YSGG 
laser combined with APF compared to the use of APF 
alone; this finding is in contrast to our results. It should 
be noted that method of assessment of enamel resistance 
in their study was different from ours and they assessed 
enamel demineralization by measuring the amount of 
ions released from the enamel into the solution; whereas 
in our study, remineralization of lesions was observed 
under a microscope as a criterion of enamel resistance. 
Application of laser plus fluoride caused no significant 
change in comparison with the use of fluoride alone in 
our study; but, as seen in Figure 3, laser combined with 
fluoride increased enamel resistance to a greater extent, 
although it did not reach statistical significance (by 
observation of the extent of lesions under a microscope). 
This difference in results may be attributed to different 
methods of assessment of enamel resistance in the 2 
studies.20 
Controversy exists regarding the sequence and order 
of application of laser and fluoride in different studies. 
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Considering the theory that laser application results in 
maintenance of fluoride ions next to the enamel, in the 
current study, samples in laser plus fluoride group were 
exposed to APF gel immediately after laser irradiation. 
In studies conducted by Bevilácqua et al31 and Ana et al,11 
fluoride was applied following laser irradiation. In the 
study by Bevilácqua et al,31 enamel resistance following 
the application of APF and laser was higher than that in 
the control group but they did not apply APF gel alone.29 
In the study by Ana et al, Er,CR,YSGG laser plus APF 
caused no significant difference as compared to the use 
of APF gel alone.11 
Moslemi et al,20 Altinok et al,18 Westerman et al,21 Hicks 
et al,22 and Tagliaferro et al30 compared the application of 
laser followed by fluoride with the use of fluoride followed 
by laser irradiation and found no significant difference in 
the results.
Based on the results of the above-mentioned studies, 
it seems that the sequence and order of application of 
laser and fluoride does not have any significant effect on 
the results, and the differences in the results of studies 
is probably attributed to other factors such as laser 
properties and different assessment methods of enamel 
resistance. 
Most previous studies have investigated the enamel 
resistance following the application of fluoride and laser 
and conduction of pH cycling or use of demineralizing 
solutions.8,11-13,18,20-22,28,30-32,34 
Tagliaferro et al,30 first artificially induced caries-like 
lesions on the teeth (in contrast to our study) and then 
similar to the current study, applied laser and fluoride gel 
on the lesions, simulating the oral environment. In our 
study, the process of remineralization of WSLs naturally 
formed in the oral environment was evaluated in order to 
better simulate in vivo conditions. 
For the purpose of remineralization and providing the 
calcium and phosphate ions required for this process and 
also to better simulate the oral clinical setting, specimens 
in our study were immersed in artificial saliva for 10 days, 
which contained these ions. Remineralizing solutions 
used for pH cycling contain fluoride25 and thus, were not 
used in our study. 
As stated earlier, most previous studies artificially created 
the lesions while we used naturally formed WSLs in the 
oral cavity. This can affect the methodology of the study 
and consequently the results. 

Conclusion
The results of this study confirm the efficacy of fluoride 
for decreasing the extent of WSLs in vitro. Also, the 
results showed that application of laser (with the exposure 
settings and the sequence described earlier) did not 
reinforce the efficacy of fluoride for decreasing the extent 
of WSLs.
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