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1. Introduction

Despite the significant decline in caries incidence in the last

few decades in developed countries, dental caries is still

reported as the single most common chronic childhood

disease.1 In developing countries, more than 80% of caries

prevalence has been reported in epidemiological studies.2

Because of this common problem, the constant search for

cost-effective caries prevention techniques remains of para-

mount importance for global oral health.

Dental caries is a bacterial based disease. When it

progresses, acids produced by bacteria diffuse into the tooth

and dissolve the carbonated hydroxyapatite mineral. This

process is called demineralization.3

The effects of fluoride in caries prevention are mainly due

to the inhibition of the demineralization process, with minor

role in retarding metabolism and acid production of cariogenic

bacteria.4,5 Fluoride can be taken up into the apatite lattice as

‘‘firmly bound’’ apatitic fluoride, which is less soluble than the

original enamel apatite.6
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a b s t r a c t

Objective: The purpose of this study was to investigate the effects of low power red laser

associated with acidulated phosphate fluoride on the development of induced-dental caries

in rats.

Design: Dental caries were induced in molars of 40 rats divided into five groups: control

group (CG), the teeth were not submitted to any treatment; laser group (LG), teeth were

irradiated with a low power red laser (LPRL), power of 30 mW and dose of 5 J/cm2; fluoride

group (FG), teeth were treated with topical acidulated phosphate fluoride (APF) 1.23% applied

for 4 min; laser + fluoride group (LFG), teeth were irradiated with LPRL followed by APF;

fluoride + laser group (FLG), teeth were treated with APF followed by LPRL. The animals were

killed after 48 days, and the first and second molars were extracted to analyze the caries

lesion area, microhardness, and calcium and phosphorus ratio.

Results: There were no statistical differences among FG, LFG, and FLG regarding to caries

area and microhardness, although the caries area were smaller in LFG. Ca/P ratio did not

show significant differences among all groups.

Conclusions: Although LPRL before APF application appeared to diminish the caries progres-

sion, LPRL did not present any additional benefit compared with acidulated phosphate

fluoride on the prevention of induced-dental caries in rats.
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The reasons for caries prevalence reduction during the last

20 years are difficult to identify. However, strong evidences

suggest that the near universal use of fluoride containing

products such as dentifrice, mouthrinses and topical gels

applied in dental office have been major contributors. Earlier

caries reductions of 40–70% (before the 1970s) had resulted

from the fluoridation of public water supplies in many

communities.3 As fluoride seems to be the most impressive

agent against dental caries, a cost-effective method of

enhancing fluoride uptake would therefore be promising in

caries prevention.

Since the 1960s, it has been consistently demonstrated that

high power lasers can significantly increase the acid resis-

tance of enamel by altering crystalinity, acid-solubility,

permeability, and fluoride uptake.7–10 It has been found that

high power lasers combined with topical fluoride treatment

can induce an even greater resistance of the dental enamel

against demineralization than laser treatment alone.11–13

Recently, studies with low fluence argon laser beam combined

with topical fluoride treatment aiming an increased retention

of fluoride can be found.14–18

Due to inherent cost of instrumentation, surgical lasers are

still not widely employed in private practice, mainly in

developing countries. Low power red and near-infrared lasers

appear as an alternative approach, since reports in literature

suggest that their association with topical fluoride or not, lead

to an increase on teeth’s resistance against dental caries.19–21

Some authors suggest that the effect of this treatment is

related to the time of the fluoride uptake.22 The reported effect

could also be attributed to alterations on the pulp micro-

circulation, having as result the reduction in the enamel

solubility rate.20 Until now, the possible mechanisms of action

of this kind of laser in association or not with fluoride remain

unclear.

On the other hand, acidulated phosphate fluoride (APF) has

been shown to be an efficient cariostatic instrument.23,24 The

concentration of F in most APF solutions and gels is 1.23%

(12,300 ppm) and the pH is typically in the range of 3–4, which

is close to the pKi of hydrofluoric acid (HF). Thus, approxi-

mately one-half of the F is ionic and the remainder is HF.25

Obviously, the application of laser technology and more

specifically low power red laser (LPRL) in caries prevention

requires a greater number of in vivo studies, with stronger

scientific evidences. Thus, in this study, it was examined the

effect of LPRL in association or not with APF on the prevention

of induced-dental caries in rats. To accomplish these analysis

three different techniques were employed. The caries lesion

extension was determine via computer software coupled to an

optical microscopy, the enamel resistance was verified

through cross-sectional microhardness, and the calcium

and phosphorus ratio in enamel was analyzed by energy-

dispersive X-ray spectrometer.

2. Materials and methods

2.1. Caries in rats

Forty female Wistar rats were weaned at 18 days of age, fed

with a cariogenic diet (Diet 2000)26,27 and double deionized

water ad libitum. The animals were maintained under

standard laboratory conditions. Inoculation of Streptococcus

mutans ATCC 1910 into rat’s mouth started at the age of 19

days. S. mutans was used to enhance the cariogenic challenge

as described by Seppä et al.28 The microorganism was cultured

on BHI (brain heart infusion) suspension (approximately

108 cells/mL), collected and injected directly (0.2 mL/rat) into

the oral cavity of the rats once a day for three subsequent days.

The experimental schedule is shown in Table 1.

Twenty-four hours after the last inoculation the rats were

anesthetized with a sodium pentobarbital solution adminis-

tered intraperitoneally and randomly divided into five groups:

CG (control group), eight animals were not submitted to any

treatment; LG (laser group), both maxillary and mandibular

molars of eight rats were irradiated with a low power

continuous GaAlAs laser at l = 660 nm (Kondortech, São

Carlos, SP, Brazil), 30 mW of output power, beam diameter

of 0.2 cm, and an area of 0.03 cm2. The irradiated area on the

occlusal surface was equal to the beam diameter; thus, an

energy density of 5 J/cm2, corresponding to an exposure time

of Dt = 5 s, was directly delivered on the teeth; FG (fluoride

group), both maxillary and mandibular molars of eight rats

were treated with topical application of acidulated phosphate

fluoride (1.23% APF, fluoride gel Odahcam, Dentsply, tutti-fruti

flavor, Rio de Janeiro, Brazil) for 4 min; LFG (laser + fluoride

group), both maxillary and mandibular molars of eight rats

were irradiated with LPRL as previously described, followed by

topical application of APF; FLG (fluoride + laser group), both

maxillary and mandibular molars of eight rats were treated

with topical application of APF followed by LPRL irradiation.

After 48 days, the animals were sacrificed in a CO2 gas

chamber. The maxillaries were removed, dissected and

washed with destilled water; the first and second molars

were extracted and preserved in physiological solution.

During the experimental period, all animals received humane

care in compliance with the Ethical Principles of Animal

Experimentation formulated by the Brazilian College for

Animal Experimentation, and in accordance with guidelines

approved by the Council of the American Psychological Society

for the use of animal in experiments.

2.2. Caries lesion area

Seventy-five molars (n = 15 per group) had the roots coated

with two layers of nail polish. The occlusal surface was left

uncoated and the specimens dried for 24 h. The teeth were

immersed in a 2% methylene blue (MB) solution for 2 h to stain

the intrasulcular area affected by the caries lesion. After this

procedure, the samples were abundantly washed in tap

water.29 Thereafter, the teeth were embedded in acrylic resin

and sectioned along the sagittal medial–distal plane with a

Table 1 – Experimental schedule

Event Day

Animal birth 0

Animal weaned and cariogenic diet beginning 18

Inoculation of Streptococcus mutans 19

Treatment 22

Animal sacrifice 66
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diamond disk at a standard distance from the buccal and

lingual surfaces. MB stained areas were examined and

photographed with a digital camera coupled to an optical

microscope (Leica DMLP, Germany). The pictures were then

analyzed by a calibrated blind examiner with the Quantikov

software30,31 to determine the extent of the lesion. The

software calculates the ratio between the total area of the

crown and the area with caries. Since the crowns presented

different sizes, this method allowed a standardization of the

values. The calculation was performed according to the

following equation:

SCA ¼ CA
CrA

where SCA is standardized caries lesion area, CA the

selected caries lesion area, and CrA is the crown total area.

2.3. Microhardness assessment

Seventy-five molars (n = 15 per group) were embedded in

acrylic resin and cut into sagittal medial–distal direction,

with a diamond disk at a standard distance from the buccal

and lingual surfaces. Subsequently, the samples were flat-

tened and polished with 600, 1200, 1500, 2000 and 4000 grades

of Al2O3 sandpapers, for 10 s with each paper, and thereafter,

polished with 1/4 mm diamond slurry. The samples were

ultrasonic cleaned for 10 min to remove debris.

Microhardness analysis was performed by Shimadzu HMV-

2000 microhardness tester with a Knoop diamond with 25 g

load for 15 s. Three indentations were made in the enamel

located at the end of the occlusal fissure with 100 mm of

distance between indentations (Fig. 1). The Knoop hardness

number (KHN), expressed in kgf/mm2 � 10�3, was obtained

through the measure of the length of the major diagonal left by

the penetration of the diamond, and calculated with the

standard formula for Knoop microhardness.32 Microhardness

was used to evaluate the resistance of the enamel to

demineralization considering that there is a good correlation

between enamel microhardness and % of mineral in caries

lesion.33 For this reason, the microhardness of sound enamel

was also measured.

2.4. Energy-dispersive X-ray spectrometry

This technique was applied to detect alterations on the

distribution of calcium and phosphorus on the teeth enamel in

the occlusal surface.

Thirty molars (n = 6 per group) were mounted in alumi-

nium stops and coated with carbon. Five points in each

occlusal surface were randomly selected around the sulcular

area (Fig. 2). The calcium and phosphorous ratio at these five

points were then calculated by an energy-dispersive X-ray

spectrometer (EDS) attached to a scanning electron micro-

scope (Philips XL, Series 30, Eindhover, Holland). Sound

enamel in the occlusal face was also analyzed.

2.5. Fluoride spectroscopy

The interaction between the APF and the red radiation was

also investigated. The absorbance in the visible region of the

electromagnetic spectrum of the APF (V = 1 mL) was deter-

mined in a Varian Cary 17 spectrophotometer using a quartz

cell with optical path length of 1 cm. The room temperature

was kept at 21 8C.

All mean values and standard deviation (S.D.) obtained

through each employed method were computed and submitted

to statistical analysis by one-way ANOVA and Tukey method.

The results were considered significant when p < 0.05.

3. Results

3.1. Caries lesion area

The averages and the S.D. of the SCA were 0.13 � 0.06 for CG

group; 0.07 � 0.04 for FG group; 0.14 � 0.05 for LG group;

0.08 � 0.05 for FLG group and 0.038 � 0.025 for LFG group. Fig. 3

displays these findings. It can be observed that the effect of

LPRL associated with APF was more pronounced when

compared to others groups. Caries lesion decreased about

70% for LFG group, while FG and FLG groups showed a

Fig. 1 – Photograph of indentations on the enamel located

in the end of the fissure of the rat molar. The arrows point

to indentations.

Fig. 2 – Electron-micrograph of the molar occlusal surface.

The arrows point to random positions measured by EDS

around sulcular area.
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reduction of approximately 40% compared to control. ANOVA

statistical test at 95% level, however, showed that animals

from FG, FLG and LFG groups presented the same percentage

of caries lesion without statistical significant differences,

although statistical differences were observed among those

groups and GC and LG groups. There was no statistical

difference between CG and LG groups.

3.2. Microhardness

Mean values and S.D. of the KHN were: 62.8 � 15.6 for CG

group; 116.7 � 33.7 for FG group; 57.5 � 12.4 for LG group;

103.8 � 49.2 for FLG group; 105.7 � 29.7 for LFG group (Fig. 4).

Sound enamel showed a mean microhardness of 221.2 � 58.2.

ANOVA statistical test at 95% level showed no significant

differences between FG, FLG, and LFG groups, however, there

was significant difference comparing those groups with LG

and CG. All experimental groups showed mean values of

microhardness significantly different from sound enamel

(p < 0.05).

3.3. EDS

The results of the Ca/P weight percentages detected at the

borders of the lesion zones and intact enamel are summarized

in Table 2. The results of the statistical analyses showed that

CG group presented a Ca/P mean value and S.D. of 1.71 � 0.09;

FG group 1.67 � 0.05; LG group 1.61 � 0.07; FLG group

1.68 � 0.07; LGF group 1.69 � 0.10. The calculated Ca/P weight

percentage did not confirm a statistical significant difference

among groups (p > 0.05).

3.4. Fluoride absorbance spectrum

Fig. 5 shows the optical absorption of the 1.23% APF used in

this study. It is possible to observe a spectral band between 500

and 700 nm with peak centered at l = 630 nm.

4. Discussion

In this study, the effectiveness of the LPRL on dental caries

prevention was investigated comparing the use of LPRL alone,

topical application of fluoride alone or the combination of the

topical fluoride with LPRL. Under the applied cariogenic

challenge none of the tested settings avoided the incidence

of the dental caries, although the progression of caries lesion

had been diminished with the use of fluoride alone or in

combination with LPRL.

The applied model focused on the sulcular area of the

occlusal face, which is the most vulnerable site of the molars

teeth that are, in turn, the most susceptible teeth in terms of

caries prevalence. Most of the study models use facial surfaces

to test the efficacy of a preventive method, but in fact, the

sulcular areas are the most vulnerable ones due to its winding

anatomy that facilitates adherence and growth of bacteria.

Although the frequent use of fluoride in low concentration

by the patient has been the best way to control dental caries

development, the professional application of fluoride in high

Fig. 3 – Mean values and W standard deviation (S.D.) of the

standardized caries lesion area assay (n = 15). No

statistically significant differences were observed between

FG, LFG, and FLG ( p > 0.05), although there was a

statistically significant difference between those groups

and CG and LG. CG, control group; FG, fluoride group; LFG,

laser before fluoride group; FLG, fluoride before laser

group; LG, laser group.

Fig. 4 – Mean values and W standard deviation (S.D.) of the

microhardness assay (n = 15). No statistically significant

differences were observed between FG, LFG, and FLG

( p > 0.05), although there was a statistically significant

difference between those groups and CG and LG. All

experimental groups showed microhardness values

significantly different from sound enamel. CG, control

group; FG, fluoride group; LFG, laser before fluoride group;

FLG, fluoride before laser group; LG, laser group.

Table 2 – EDS data

Group Ca P Ca/P S.D.

CG 63.14 36.86 1.71 0.09

LG 61.67 38.33 1.61 0.07

LFG 62.85 37.15 1.69 0.1

FG 62.55 37.45 1.67 0.05

FLG 62.66 37.34 1.68 0.07

Values are means of n = 6 molars per group. In each group, five

random sites around sulcular area were measured on occlusal

surface. No statistically significant differences were observed

among the groups ( p > 0.05).
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concentration is still needed in some clinical situations.34

Since the 1940s when fluoride started to be applied to the

teeth, there is a constant search for a cost-effective method to

enhance the fluoride uptake, and consequently, to prevent

dental caries. Some researches suggest that the clinical

efficacy of fluoride could be enhanced through improved

delivery or use in combination with supplementary agents.35

Indeed, CO2, Nd:YAG, argon and others high power lasers

exhibit efficacy in prevention of induced-dental caries in vitro

and in vivo.7–13 The mechanisms of action of those lasers are

mostly through thermal effect leading to structural changes

on the crystalline matrix of the dental enamel.9,12,13

Some reports had showed that LPRL improves caries

prevention.19,20,21 LPRL as the one used in this research, do

not promote heat, therefore the mechanisms of action would

be completely different.

The combination of LPRL and an exogenous photosensi-

tizer as MB or toluidine blue results in a drop off of the bacterial

load over the target area.36,37 This therapy, commonly

nominated photodynamic therapy, is under investigation

and could be useful in caries prevention due to its bactericidal

effect.38,39 In this approach the photosensitizer absorbs light

with the appropriated wavelength, selected according to the

dye absorption spectra, and the excited photosensitizer reacts

with the substrate. The result of these interactions is highly

reactive oxygen species, which induce injury and death of

microorganisms. In our study, an exogenous photosensitizer

was not used, therefore, a photodynamic effect is not

expected, and furthermore, if a photodynamic effect would

be possible due to bacterial production of endogenous

photosensitizer as protoporphyrin IX, the group that received

LPRL alone would have presented better results due to the

photodynamic effect. MB was applied in this work only as a

dye employed for staining procedures, and the use of this dye

as a photosensitizer was not tested in this study.

The results from optical microscopy indicated that the SCA,

directly proportional to the dye (MB) penetration, was reduced

for LFG group, in which LPRL treatment was performed before

APF, although no statistical significant differences were

observed between LFG, FG and FLG groups. LFG group

presented a percentage of lesion reduction of 70%, while FG

and FLG groups presented a percentage of caries reduction of

40% when compared with CG group.

Even though statistically significant differences were not

detected in this work, to some extent, reduction in the caries

lesion depth were detected with the association of LPRL and

APF. According to Garcia-Godoy et al., 4-min APF treatment

prior to caries-like lesion formation diminished lesion depth

by 37–40%.40 These values are in accordance with our data for

FG and FLG (about 40%). The values obtained for LFG (70%)

were higher than FG and FLG.

In process of caries induction in rats, high sucrose ingestion

causes a deficiency on dentinogenesis.41 According to Pekkala

et al.41 sucrose in newborn rats causes a reduced dentine

apposition and an enhanced occurrence and progression of

dental caries. This effect could be due to changes on

odontoblastic response, originated by the sucrose diet,

resulting in a reduction of dentine apposition during primary

dentinogenesis, which in turn, contributes to the progression

of dental caries thereafter.

Since the results showed that, to some extent, a reduction

in the caries lesion depth may be due to the association of LPRL

and APF, the effect of this combination on primary dentino-

genesis cannot be completely discarded.

Besides, another important factor is that there is no

evidence that all individuals would respond in the same

way to radiation and either to fluoride uptake, thus a

significant standard deviation is expected. Although all rats

have been managed in the same way, caries initiation and

progression is determined by the overall condition of each

animal, i.e. frequency of food ingestion, water consume, etc.

Interestingly, for FLG and FG caries-like lesion formation

diminished lesion depth in about 40%. This result could be due

to the fluoride gel absorption at the red wavelength range (see

Fig. 5). Therefore, the teeth covered with fluoride could not

receive the same fluence at deeper layers. The smaller

penetration depth of the red radiation in FLG could be the

responsible for the different results obtained from LFG.

The fluoride, as it is well established, plays the most

important role on the inhibition of the caries progression. The

use of laser radiation alone did not promote any additional

benefit on the control of dental caries since LG did not show

any differences comparing to CG.

Furthermore, in the hypothesis of laser plus fluoride

actually represents a beneficial outcome, this effect is

essentially concentrated on the dentin level. The topical

fluoride operates in enamel with its well-known mechanisms

of action. Neither the microhardness surface assay performed

in this study nor the EDS analysis showed any advantageous

effect of the laser irradiation on enamel. Studies suggest that

LPRL associated, or not, with topical fluoride may increase the

enamel resistance to an acidic attack, although the mechan-

isms involved would be unclear.20,21 Microhardness measure-

ments have been accepted to evaluate mineral lost or gain by

enamel because there is a correlation between the mineral

content of the enamel surface and the length of the

indentations.42,43 Thus, measures of enamel cross-sectional

microhardness show a correspondence between percentage of

mineral and KHN in caries lesion.33

The cross-sectional microhardness analysis in this study

did not show significant differences between FG, LFG and FLG

Fig. 5 – Visible optical absorption of 1.23% APF centered at

l = 630 nm.
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groups, although significant differences among those groups

and LG and CG groups were observed, showing that fluoride

plays a pivotal role in caries prevention. It was used a 25 g load

for 15 s. This load was selected in a pilot study and it shows to

be the best load allowing a correct indentation in the rat’s

enamel. A noteworthy remark is that measurements were not

carried out on dentine to check caries progression due to an

even smaller load necessary to perform the analyses on

dentin, which would not provide useful data.

The results of this work suggest that the combination of

low power laser and topical application of APF gel did not have

a significant effect on the prevention of induced-dental caries

in rats, although LPRL before APF application appeared to

diminish the caries progression.

The constant exposure of the teeth to low concentrations of

fluoride seems to be an effective method to control dental

caries. In this study the animals did not received any source of

fluoride besides the topical application performed in a single

day. Even the supplied water was double deionized, thus it did

not provide an external source of fluoride. This method was

preferred because of the increased concern about dental

fluorosis. The prevalence of fluorosis has increased in the past

50 years in optimally fluoridated communities as well as in

fluoride-deficient areas, probably due to dietary fluoride

supplements.44 The ingestion of fluoride-containing tooth-

pastes used by toddlers and young children without super-

vision can provide a source of fluoride exposure,39 thus a

method of preventing dental caries without repeatedly

exposing young children to fluoride content products would

be highly desired.

Besides the fluoride exposition, the laser parameters as

well might play an important role in the outcomes. Different

wavelengths, fluences and irradiances should be tested in

order to verify the efficiency of low power laser treatment on

dental caries prevention.
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