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INTRODUCTION 

Despite the decline of dental caries in developed 
countries, a continuous increase in root caries 
prevalence has been reported and is regarded as 
a serious threat to oral health for adults in all age 
groups (1,2). Moreover, a further increase in the 
prevalence of root caries in the 21st century has been 
predicted, highlighting the importance of the search 
for effective methods of root caries prevention (3,4).

Dental caries is still considered the most prevalent 
disease during childhood and adolescence(5,6) 
and its manifestation is found to be high in some 

individuals (7) even though a noteworthy decline 
in dental caries incidence has been documented 
worldwide in the last decades. Histopathologically,  
In dentin from the deepest layer to the enamel, the 
distinct areas affected by caries are the advancing 
front, the zone of bacterial penetration, and the zone 
of destruction(8). The advancing front represents 
a zone of demineralized dentin due to acid and 
has no bacteria present. The zones of bacterial 
penetration and destruction are the locations of 
invading bacteria and ultimately the decomposition 
of dentin. The zone of destruction has a more mixed 
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ABSTRACT

Aim: To study the evaluation of the combined effect of Diode laser and fluoride gel on root 
dentin demineralization and compare between the use of laser only & laser with fluoride in root 
caries.  

Methods: Tooth preparation & grouping, fluoride treatment, laser treatment, fluoride & laser 
treatment, tooth-sectioning and artificial caries application & environmental scanning electron 
microscope analysis. 

Results: The effect of artificial caries on the fluoride and diode laser specimens showed an 
augmentation of the caries prevention mechanism.  

Conclusion: Our results strongly dictate a synergistic rather than an additive effect of the 
combined diode laser and fluoride gel treatments in root caries inhibition. 
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bacterial population where proteolytic enzymes 
have destroyed the organic matrix. The innermost 
dentin caries has been reversibly attacked because 
the collage matrix is not severely damaged, giving 
it potential for repair. The outer more superficial 
zone is highly infected with proteolytic degradation 
of the collagen matrix and as a result the dentin is 
irreversibly demineralized. Although fluoride is the 
most powerful treatment to prevent tooth decay, the 
development of new methods to control this disease 
completely is still necessary(9).

As an alternative to fluoride, lasers have been 
tested to improve dental enamel properties in order to 
enhance its resistance to demineralization (10). Since 
the 1960s, it has been consistently confirmed that 
lasers can significantly increase the acid resistance 
of enamel, and, when associated with fluoride, a 
significant synergism between them has been shown 
in the reduction of enamel solubility (11). Several 
laser wavelengths were used for this purpose, and 
laser treatment was demonstrated to be an efficient 
tool in prevention of tooth demineralization. Effects 
of the combined fluoride and laser treatment in the 
inhibition of caries have been reported for both 
enamel and root (12-16).  

Recently, other methods used in cavity disinfec-
tion are laser and ozone gas technology (17,18). Stimu-
lated emission means that the light of laser radiation 
is strengthened. Stimulation with an external factor 
of the medium laser environment, which is known 
to be a solid, liquid or gas-filled orb, results in the 
formation of a laser beam. Diode lasers are ideal for 
use in dental surgeries as they are portable and of 
small design. Other advantages are that they do not 
occupy much space, can be easily moved and are 
relatively cheap (18). The absorption rates of diode 
lasers into the tissues are enamel 5%, dentine 30%, 
decay tissue 35%, soft tissue and blood 60%, and 
the response rates are enamel 15%, dentine 20%, 
decay tissue 3% and soft tissue/blood 20% (19).

The main purpose of the present study was to 
evaluate the combined effect of Diode laser and 
fluoride gel on root dentin demineralization and 
compare between the use of laser only & laser with 
fluoride in root caries. 

MATERIALS & METHODS

Tooth Preparation & Grouping

Sample preparation

Forty extracted caries-free single rooted perma-
nent premolars were used in the current study (Tab 
1). Extraction had been done for orthodontic treat-
ment. After extraction, the teeth were stored at 4°C 
in 0.1% thymol solution. All teeth were cleaned by 
being gently brushed and carefully scaled, for the 
removal of debris, attached soft tissues, and calcu-
lus. The root surfaces were not polished or sonicat-
ed. Twenty teeth were selected and viewed under a 
stereomicroscope (Olympus® SZ40, Olympus Op-
tical Co. LTD, Tokyo, Japan). By using a very small 
round bur, we created 4 3 mm x 1 mm windows (2 
on the distal surface and 2 on the mesial surface) of 
each tooth, 1 mm below the cemento-enamel junc-
tion, with a 2-mm distance between the 2 windows 
on the same root surface. The 4 windows on the 
same tooth were  assigned to 2 groups: (C) Control, 
(L) Laser treatment alone (non fluoride group).

Another 20 teeth were selected, with the same 
procedures were repeated to make 4 windows that 
were assigned to groups (F) Fluoride treatment 
alone, and (FL) Fluoride followed by laser treatment. 
(fluoride group).

Fluoride Treatment

A fluoride gel, Cavity Shield™ 5% Sodium 
Fluoride Varnish (3M ESPE), was applied for 4 min 
to each of the windows in Groups (3)-(8), and wiped 
off with tissue papers.
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Laser Treatment

Diode laser was applied to the groups L (laser 
only) and FL (fluoride followed by laser). The 
samples were irradiated using diode laser irradiation 
of 980 nm wave length, 2 W power for 20 sec, in 
contact mode (Quanta system, Italy) and optic fiber 
transmission system. The fiber tip diameter with 
320 micrometer was positioned perpendicularly 
to the windows on the root surface areas. Laser 
irradiation was performed by hand, screening the 
dentin surface in a uniform back and forth motion. 
During laser application; all the standard safety 
concerns were followed during the experiment (20). 

Tooth-sectioning and artificial caries application 

All teeth were sectioned longitudinally into 
mesial and distal halves. On random bases, half 
the specimens of each group (10 specimens) were 
individually submitted to the process of the artificial 
caries by the following sequence. To prevent cross-
contamination between fluoride and nonfluoride 
groups, we immersed 10 root sections (each with 2 
windows of 3mm x 1 mm window) from each group 
separately, in the process of caries induction using 
artificial caries media (6 % hydroxyethyl cellulose 
to a 50 m mole lactic acid solution) of 4.5 pH for 
seven days. The specimens were then washed and 

kept in distilled water (20).

Environmental scanning electron microscope 
analysis 

The windows in each root specimens were 
examined using an ESEM (Inspect S ESEM, 
FEI). The ESEM was very useful in examining 
the specimens before and after laser, fluoride and 
artificial caries in order to confirm the results.

RESULTS

The normal architecture of the root dentin 
structure was detected clearly as the control group 
showing the closed dentinal tubules in fig. 1 

Fig. (1) SEM micrograph of control specimen before treatment 
X1500.

TABLE (1) groups assessment.

Non fluoridated 
20 teeth

C
control
10 specimens

Artificial Caries

CA
control +Artificial caries
10 specimens

L
Laser
10 specimens

LA
Laser + Artificial caries
10 specimens

Fluoridated
20 teeth

F 
Fluoride only
10 specimens

FA
Fluoride+ Artificial caries
10 specimens

FL
Fluoride+ laser
10 specimens

FLA
Fluoride+ laser+ Artificial caries
10 specimens
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In fig. 2 (a) Areas of open dentinal tubules due to 
artificial caries and discrete areas of thick fluoride 
coating the dentin and occluding the dentinal tubules 
X400. While in fig. 2 (b) the SEM micrograph shows 
the areas of open dentinal tubules due to artificial 
caries through the removal of the dentin smear layer 
in high magnification X1500. 

In the diode laser treated specimens showed 
some areas of crack and destruction of the dentin 
surface pattern X500 in fig 3 (a), while on high 
magnification in fig 3 (b) showed areas of spot 
melting and loss of dentin pattern and open dentinal 
tubules also X2000.

In fig. 4; the micrograph showed a line of 
demarcation between the laser additional effect of 
the (laser+ fluoride+ artificial caries) versus the 
non laser treated (thick layer of fluoride+ artificial 
caries). That area of the (laser+ fluoride+ artificial 
caries) denoted by the (red arrow) appeared as 
multiple thick islands of fluoride aggregations with 
slight melting tendency X1000. 

The effect of fluoride and diode laser with 
artificial caries is more clearly seen in fig. 5 that 
showed the micrograph of the (laser +fluoride 
+artificial caries) group with the fluoride islands 
(white arrows), voids in dentin might be due to laser 
effect (blue arrow) and the coalesce of the fluoride 

Fig. (2a) SEM micrograph of (fluoride and artificial caries group) shows areas of open dentinal tubules due to artificial caries and 
areas of fluoride coating the dentin X400. (Fig. 2b) SEM micrograph of showed variable sizes of open dentinal tubules due 
to artificial caries in high magnification X1500.

Fig. (3) (a & b) SEM micrograph of (Laser on control group) shows areas of crack and destruction of the surface pattern X500, 
while on high magnification shows areas of spot melting and loss of dentin pattern X2000.
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islands (red arrows)  giving a full homogenous 
fluoridated dentin thick layer.X2003, also it is 
clear that the number of opened dentinal tubules 
is scarcely found. In fig. 6 the islands of fluoride 
coating melted by the laser can clearly noticed (blue 
arrows), with areas of narrow dentinal tubule lumen 
denoting intact organic and inorganic content with 
fluoride coating with reduction in tubule porosity 

(arrow head), which denotes that dentin didn’t lose 
its reparative capacity. Also, areas of destruction 
of the inorganic dentin part (peritubular dentin) 
leaving the odontoblastic process (organic part) 
intact (thin white arrow), while a few number of 
the widened hollow opened dentinal tubules due to 
the destruction by the artificial caries (dotted white 
arrow), with loss of the dentin reparative capacity.

DISCUSSION

The dental caries is considered a pathologic 
process of external origin involving softening of 
the hard tissue and proceeding to the formation 
of a cavity. Localized destruction of the tooth 
surface is initiated by decalcification of the enamel 
followed by enzymatic lysis of organic structures 
leading to cavity formation!. The bacteria in the 
biofilm are always metabolically active causing 
fluctuations in pH. These fluctuations may cause a 
loss or gain of mineral content from the tooth when 
the pH is dropping or increasing respectively(21). 

Fig. (4) SEM micrograph shows line of demarcation with a 
thick layer between {fluoride + artificial caries (yellow 
arrow)} and {laser+ fluoride+ artificial caries (red 
arrow)}, LFA also appear as thick islands of fluoride 
with slight melting tendency X1000.

Fig. (6) SEM micrograph showed, few number of the widened 
hollow opened dentinal tubules due to the destruction 
of the artificial caries (dotted white arrow). Destruction 
of the inorganic dentin part (peritubular dentin) leaving 
the odontoblastic process (organic part) intact (yellow 
arrow). Narrow dentinal tubule denoting intact organic 
and inorganic content with fluoride coating with 
reduction in tubule porosity (arrow heads). Melting 
of the fluoride coating by laser preserving the dentin 
surface.(Bold arrows).X1200.

Fig. (5) SEM micrograph of the laser +fluoride +artificial caries 
shows the fluoride islands (white arrows), voids in 
dentin might be due to laser effect (blue arrow) and the 
coalesce of the fluoride islands (red arrows) giving a 
full homogenous fluoridated dentin thick layer.X2003.
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The cumulative result from this demineralization 
process may be a net loss of mineral, leading to 
dissolution of the dental hard tissue and formation 
of a caries lesion(22).

In a study made by (Featherstone et al., 2003)
(23) showed that CO2 laser treatment did not achieve 
significant caries inhibition in dentin That study 
differed in the selection of experimental/control sites 
on different teeth without a “combined fluoride-laser 
treatment” group, a stronger acid challenge in the 
pH-cycling scheme, and different laser parameters.

A comparison between the laser and the non 
laser treated enamel specimens showed an increase 
in acid resistance with increasing the laser energy, 
also the demineralization of enamel was reduced 
dramatically in the prescience of 0.2ppm fluoride 
for the laser and non laser treated specimens .

In agreement with our study,  the caries 
prevention study using CO2 laser with and without 
sodium fluoride on enamel and dentin showed 
that the synergistic effect of Co2 laser and sodium 
fluoride has a greater caries preventive effect  than 
the laser only, at the enamel and dentin surfaces(24). 
(Similar previous SEM studies showed that enamel 
and dentin surfaces subjected to heat treatment by 
cw CO2 laser (1,2,3W) were sufficiently melted and 
the smear layer was solidified(25) . 

Laser wavelengths in the near infrared and red 
region of the visible spectrum are poorly absorbed 
by the calcium and phosphorous dental mineral 
content, but they are optimally transmitted and 
scattered through the sound enamel. This holds true 
for diode laser 980 nm and Nd:YAG laser 1064 nm. 
Laser and fluoride varnish showed 43% inhibition 
of pits and fissure lesions and 80 % inhibition of 
smooth surface lesions compared to the untreated 
groups(26).

ESEM micrographs revealed difference between 
fluoridated and non fluoridated, lased and unlased 
specimens. So far, scarce data are available 

concerning the effect of a 980nm high-power diode 
laser on root dentin surface. The ESEM micrograph 
showed the clear difference between the effect of 
artificial caries and fluoride , showing how much 
the fluoride coated a large root areas preventing the 
caries effect appearing as widening and opening of 
the dentinal tubules, as if acid etched,fig.2(a&b). 
when the diode laser was used some few areas of 
crack and destruction of the dentin surface pattern  
fig 3 (a), while on the high magnification in fig 3 
(b) showed areas of spot melting and loss of dentin 
pattern and open dentinal tubules also X1500,this 
might be clarified by the technique the diode laser 
was used in a contact mode fiber tip and in a back and 
forth movement, which can cause twice application 
of the same spot, without any signs of carbonization 
due to poor absorption of 980 nm wavelength.

The low absorption coefficient of diode laser 
wavelength in enamel and dentin(27) showed a 
great benefit as it caused rapid elevation of the 
surface energy during exposure and rapid decay of 
temperature once stopped. As a result, the action 
needed is carried out, but in the same time it did not 
penetrate deeply and affect the pulp or the underling 
structures20. Although a synergistic effect of laser 
and chemical inhibitors on the dissolution of enamel 
has been demonstrated by (Fox et al., 1992)(28), it 
was not clear whether the intensified cariostatic 
effect on the root is synergistic or just an additive 
effect of laser and fluoride (Hicks et al., 1995b, 
1997)(29,30).

(Westerman GH et.al)(31) used a combined effect 
of argon laser and APF treatment either before or 
after the laser irradiation, the lesion depth was 54-
57% less than that of the control group. The argon 
laser only group, compared to the control group, 
indicated a 24% reduction in lesion depth. They 
found an increase of the root-surface area due to the 
roughening caused by laser irradiation. (Gao et al., 
2006)(32) When used the CO2 laser in combination 
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with fluoride treatment, a synergistic inhibition 
(about 85%) was achieved on root demineralization, 
this lead to the formation of a more acid resistant 
root structure that might be the cause of reduction 
of lesion depth

In this study the effect of the artificial caries on 
the fluoride and diode laser specimens showed an 
augmentation of the caries prevention mechanism. 
The fluoride islands and the coalesce of these 
islands giving a full homogenous fluoridated dentin 
thick layer (fig.5), and it was clear the reduction of 
open dentinal tubules. In addition, different stages 
of caries appear in the same group denoted in (fig.6) 
Few  number of the widened hollow opened dentinal 
tubules due to the destruction of the artificial caries 
(dotted white arrow),which is the destruction zone 
where the dentin lose its reparative ability. Also, 
projection of odontoblastic processes (organic 
part) appeared to be intact with destruction of the 
inorganic dentin part (peritubular dentin), which is 
a lesser degree of destruction, leaving the dentin 
reparative ability (intact odontoblastic processes). 
Same was clear in areas with narrow dentinal tubule 
denoting intact organic and inorganic content with 
fluoride coating with reduction in tubule lumen 
size (arrow heads).and finally the most preventive 
area appear with melting of the fluoride coating by 
laser preserving the dentin surface.(Blue arrow). 
Our results strongly dictate a synergistic rather than 
an additive effect of the combined diode laser and 
fluoride gel treatments in root caries inhibition.

CONCLUSION

Based on the result of the present study, it can 
be concluded that; best results appeared preserving 
the root dentin surface from the artificial caries, 
and maintaining its reparative ability was when a 
combined effect of fluoride gel and diode laser 
synergistically used.
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