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Agents on Human Enamel Treated
With Er:YAG Laser: An In-vitro Atomic
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ABSTRACT

Introduction: The tug of war to maintain tooth integrity
is dependent on a ratio between demineralization and
remineralization. Hence, demineralization should be retarded
and remineralization should be enhanced to maintain a natural
equilibrium in the oral cavity.

Aim: To compare in-vitro acid resistance of human enamel when
using Casein Phosphopeptides Amorphous Calcium Phosphate
(CPP-ACP) [GC Tooth mousse] cream, Casein Phosphopeptide
Amorphous Calcium Fluoride Phosphate (CPP-ACFP) [GC Tooth
mousse plus] cream, Er:YAG laser alone, combination of CPP-
ACP with Er:YAG laser, CPP-ACFP with Er:YAG laser.

Materials and Methods: An in-vitro study was done on 100
specimens which were prepared from 50 human premolars to
investigate the caries inhibitory effect of remineralizing agents
and laser on enamel using an atomic emission spectrometry
analysis. The enamel specimens were randomly allocated into 6
groups: Untreated (control); CPP-ACP (GC Tooth mousse); CPP-
ACFP (GC Tooth mousse plus); Er:-YAG laser treatment alone;
CPP-ACP with Er:YAG laser; CPP-ACFP with Er: YAG laser.

Then specimens were immersed individually in 5ml of acetate
buffer solution (0.1mol/L, pH 4.5) and incubated at 37°C for 24
hours, to determine the acid resistance by analyzing the calcium
release using atomic emission spectrometry. An ANOVA model
was constructed (p-value 0.05), followed by post-hoc Tukey’s
test for multiple pair wise comparisons of mean values.

Results: There was a significant difference among the various
groups with respect to amount of calcium released (p<0.001).
The lowest mean score of calcium release was observed for
CPP-ACFP with Er:YAG laser followed by CPP-ACFP but
the differences between these groups were statistically not
significant (p>0.05). Similarly the differences between CPP-
ACP with Er:YAG laser and CPP-ACP also were not significant
(p>0.05). The highest mean score of calcium release was for
Er:YAG laser and no significant statistical difference was noticed
in comparison with control group (p>0.05).

Conclusion: Combination of CPP-ACFP with Er:YAG laser is

more effective in decreasing enamel demineralization when
compared with other groups.
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INTRODUCTION

The current concept of dental caries is that numerous episodes
of demineralization and remineralization occur simultaneously in
certain areas of incipient caries lesion [1]. The ideal requirement of
a material to prevent caries is that it should release calcium and
phosphate into the oral cavity and into enamel subsurface [2].
The anticariogenic effect of Casein Phosphopeptides Amorphous
Calcium Phosphate (CPP-ACP) is that it localizes ACP at the tooth
surface and dental biofim (plaque) so that when there is acid
challenge the ACP dissociates and release calcium and phosphate
ions increasing degree of saturation with respect to hydroxyapatite
thus preventing caries and promoting remineralization by diffusion
of ions into subsurface lesion [3]. When fluoride was added to
CPP-ACP the acid resisting capacity was improved by formation
of stabilized novel Amorphous Calcium Fluoride Phosphate (ACFP)
phase [4,5].

Laser irradiation must not ablate the surface, but should change
the enamel morphology and physical properties including fusion,
recrystallization and melting of enamel hydroxyapatite crystals
decreasing enamel permeability [6]. Two explanations for caries
prevention by lasers is organic blocking theory [7] and formation of
microspaces and microfissures in lased enamel [8]. Most authors
consider carbonate decomposition and water loss are responsible

for caries prevention [9,10]. Hossain M et al., reported that during
laser irradiation there is an increase in the calcium to phosphorous
ratio causing caries inhibition [11]. Erbium-doped:Yttrium-Aluminium
Garnet (Er:YAG) laser removed carbonate and modified the organic
matrix thus inhibiting caries [12]. Er:YAG lasers have wave length of
2.94um and is highly absorbed by water and hydroxyapatite and
can reach temperature needed to alter enamel structure and make
it less soluble [13]. The enamel morphological changes by Er:YAG
laser depends on density of laser, wavelength, irradiation time, focal
distance, water coolingand mode of application. Laserin combination
with remineralizing agents and fluoride had an additive effect in
remineralizing early caries lesions [14,15]. Laser irradiation induced
micromorphological changes on enamel followed by application of
CPP-ACFP caused incorporation of nanocomplexes on the tooth
surface that act as a reservoir to replenish the soluble calcium and
phosphate ions that has diffused into enamel sub-surface [14]. The
present study was done to compare caries inhibitory potential of
CPP-ACP, CPP-ACFP, Er:YAG laser, combination of CPP-ACP with
Er:YAG laser and CPP-ACFP with Er:YAG laser.

MATERIALS AND METHODS

The present in-vitro study was done in the Department of Pedo-
dontics and Preventive Dentistry, Rajah Muthiah Dental College,
Chidambram, Tamil Nadu, India. Fifty human premolars free of
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[Table/Fig-1]: Prepared enamel specimens. [Table/Fig-2]: CPP-ACP and CPP-

ACFP application. [Table/Fig-3]: Er:YAG laser irradiation.

caries or any other defects and which were extracted for orthodontic
reasons were selected for the study. The armamentarium used were
GC tooth mousse, GC tooth mousse plus, applicator tips, acid
resistant nail varnish, acetone, diamond discs, distilled water. Teeth
were cleaned and kept in 0.1% thymol solution for 1 month till use.
Teeth were sectioned mesiodistally using water cooled diamond
discs and two specimens was obtained from each tooth. The
buccal halves were treated and lingual halves served as matched
controls. The enamel surface of each specimen were painted with
acid resistant nail varnish leaving a window of 3.5mm in diameter at
the centre of buccal surface which was demarcated with adhesives
[Table/Fig-1].

The surfaces were cleaned with cotton after removal of adhesives.
The specimens were randomly divided into 6 groups (n=10 for each
group)

Group 1 : Untreated (control)

Group 2 : Casein Phosphopeptide-Amorphous Calcium Phosphate

(CPP-ACP)

Casein Phosphopeptide-Amorphous Calcium Fluoride
Phosphate (CPP-ACFP)

Er:YAG treatment alone
CPP-ACP with Er:YAG laser
Group 6 : CPP-ACFP with Er:YAG laser

A sufficient amount of CPP-ACP cream on Group 2 and CPP-ACFP
cream on Group 3 was dispensed on the buccal surface of the
samples using an applicator tip [Table/Fig-2].

Group 3 :

Group 4 :
Group 5 :

After 4 minutes treatment the cream was wiped off with a tissue
paper. The process was repeated four times and then samples were
washed using distilled water and then dried. The same procedure
was done for Group 5 and Group 6 with CPP-ACP and CPP-ACFP
cream. ErYAG laser (Fotona Fidelis Plus Ill) using wave length of
2.94um was used to irradiate the exposed surface of Groups 4,5
and 6. The parameters used were 1.4W power, 7Hz frequency,
200md pulse energy (fluence) with a non-contact handpiece, 0%
air and 0% water coolant. Lasing was done from a fixed distance
of 2.5cm from the tooth surface in a scanning style motion [Table/
Fig-3].

The laser tip was perpendicularly placed to the enamel surface and
subsequently the samples were irradiated by scanning in vertical
as well as horizontal direction in order to promote homogenous
irradiation and to cover entire area of the sample. To ensure consistent
distance from the tooth surface, a custom made standardizing
device was used. The Er:YAG irradiation was performed by hand,
screening the enamel surface with a uniform motion for 30 seconds.
In the combination groups (Group 5 and 6) the tooth surfaces were
irradiated after treating with remineralizing agents and then washed
and dried. These specimens were individually immersed in 5ml of
acetate buffer solution (0.1mol/L, pH 4.5) and incubated at 37°C
for 24 hours to imitate oral conditions. After acid treatment, the
teeth were removed from the glass containers and the acetate
buffer solution from each of the glass containers of test group and
control group was collected and analyzed using Inductively Coupled
Plasma-Atomic Emission Spectrometer (ICP-AES) to determine the
parts per million of calcium ions of each demineralizing medium.

Analysis of variance (ANOVA) model was constructed (p-value of
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Group Mean Std. Deviation | F-value p-value
Group 1-CONTROL 18.82 2.15
Group 2-CPP-ACP 17.25 0.83
Group 3-CPP-ACFP 14.93 1.64
Group 4- LASER 18.37 1.63 15.37 0.001*
Group 5- CPP-
ACP+LASER 16.60 1.48
Group 6- CPP-
ACFP+LASER 14.04 1.06
Total 16.67 2.26

[Table/Fig-4]: ANOVA test for mean values of calcium release of each group in parts

per million (ppm).

Groups Comparison of Groups p-value
1 versus 2 0.20
1 versus 3 0.001*
1 versus 4 0.98
1 versus 5 0.01*
Group 1-CONTROL 1 versus 6 0.001*
Group 2- CPP-ACP N
Group 3- CPP-ACFP 2 versus i 0601
Group 4- LASER versus -57
Group 5-CPP- 2 versus 5 0.93
ACP+LASER 2 versus 6 0.001
Group 6-GPP- 3 versus 4 0.001*
ACFP+LASER 3 versus 5 0.15
3 versus 6 0.78
4 versus 5 0.11
4 versus 6 0.001*
5 versus 6 0.001*

[Table/Fig-5]: Tukey test for multiple comparison of calcium release among different

groups.
*Significant

0.05) to evaluate whether any significant difference exist in the
mean value of calcium loss among the groups. A post-hoc Tukey
comparison test was done to determine whether any statistically
significant difference is noticed between the groups. The data
collected from ICP-AES were statistically analyzed using SPSS 14
software.

RESULTS

The mean value of calcium dissolution [Table/Fig-4] was least in the
combination group of CPP-ACFP with Er:YAG laser (14.04 ppm)
followed by CPP-ACFP (14.93 ppm) followed by combination group
of CPP-ACP with Er:YAG laser (16.60 ppm) followed by CPP-
ACP (17.25ppm) followed by laser group alone (18.37 ppm) and
control group (18.82 ppm). The multiple comparison tests showed
that CPP-ACFP, combination of CPP-ACFP with Er:YAG laser and
CPP-ACP with Er:YAG laser showed a decrease in mean scores of
calcium [Table/Fig-5] compared to control which was statistically
significant (p<0.05). When Group 4: Er:YAG laser was used alone
for irradiation there was no statistically significant difference in
calcium dissolution when compared to the control group (p>0.05).
CPP-ACFP with Er:YAG laser showed the lowest mean score of
calcium release (highest acid resistance) followed by Group 3: CPP-
ACFP but the differences between these groups were statistically
not significant (p>0.05) followed by combination group i.e., Group
5: CPP-ACP with Er:YAG laser and Group 2: CPP-ACP group but
these groups were statistically not significant (p>0.05). Although
the difference between Group 1: control and Group 4: Er:YAG laser
was not statistically significant (p>0.05), there was a decrease in
calcium solubility after lasing.

DISCUSSION

The application of CPP-ACP or CPP-ACFP paste to sound
enamel helped in preventing demineralization and enhancing
remineralization and a superior effect was seen for the latter paste
[16]. The synergistic effect of CPP-ACP and flouride is due to
localization of amorphous calcium fluoride phosphate at the tooth
surface by the CPP which would co-localize calcium, phosphate
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and fluoride. Thus, CPP binds to salivary pellicle, plague and even
to hydroxyapatite component of enamel and acts as an excellent
delivery vehicle to co-localize calcium, phosphate and fluoride at
the tooth surface in a slow release amorphous, non-crystalline form
[6] preventing demineralization and enhancing remineralization.
Heating of surface by lasers can cause chemical, physical and
crystalline changes on the ablated enamel [17]. The crystalline
structure of enamel is improved by formation of more hydroxide
and pyrophosphate but removal of bound carbonate and water loss
because carbonate forms more acid soluble apatite phase and it
does not fit well in the lattice [12]. In organic blocking theory, after
laser treatment the decomposed organic matter blocks ion diffusion
channels in the enamel during demineralization resulting in reduced
enamel surface area and pore volume and thus, prevents mineral
loss from enamel [7]. Another explanation is that in lased enamel,
during demineralization dissolved calcium, fluoride and phosphorous
ions from the tooth are caught in micropores and microfissures
formed as a result of loss of water and carbonate content [8]. High
power lasers like Erbium lasers (Er:YAG) are effective in preventing
caries [18]. Several studies have shown that combined fluoride and
laser irradiation enhances fluoride uptake of irradiated enamel and
better than laser treatment alone [19-22]. In our study combination
of CPP-ACFP cream with Er:YAG laser showed the least calcium
dissolution (highest acid resistance). During laser treatment following
CPP-ACFP application, there occurs an enhancement of the
subsurface concentration of calcium and phosphate content of the
enamel resulting in localization of ACFP at the tooth surface. When
fluoride ions come in contact with free calcium and phosphate ions
flourapatite is formed at the enamel subsurface. The microspaces
and microfissures formed between many partially coalescent
globular granules as a result of water and carbonate loss and
organic substances in the enamel after laser irradiation can trap the
calcium, phosphate and fluoride ions released from tooth during
demineralization and would also provide a greater surface area
for fluoride incorporation reducing demineralization. CPP-ACP can
increase mineral content of enamel surface and laser treatment
can enhance fluoride uptake [23-25]. Er: YAG laser decreased acid
dissolution and increased fluoride uptake into the enamel producing
a surface which is less susceptible to caries [10]. The application of
CPP-ACFP cream would have facilitated the incorporation of 0.2%
or 900ppm level of fluoride into ACP phase by holding the calcium
and phosphate ions in an amorphous form, so that fluoride can
combine with them to form a stronger protective layer of flourapatite
which is less soluble than hydroxyapatite and has a more acidic
critical pH of 4.5, ensuring that no demineralization takes place
until pH reaches this point. Studies have shown that formation of
CPP-ACFP nano-complexes improved the ability of CPP-ACFP to
remineralize initial caries lesion [26]. When Group 5: CPP-ACP is
combined with Er:YAG laser, surface changes in enamel like crazing,
crating and exfoliation of enamel occurs. These micromorphological
changes induced by lasing would help in efficient incorporation of
enamel cream containing calciumnano-complexes into the tooth
surface and thus co-localizing calcium and phosphate without
fluoride [14]. Thus, CPP stabilizes ACP and forms a highly soluble
calcium phosphate phase at the tooth surface. This localization
results in high concentration gradients of calcium and phosphate
ions in enamel subsurface thereby promoting remineralization. In
this manner CPP-ACP application enhance the action of lasers
to inhibit demineralization [14]. When CPP-ACP cream is applied
CPP-ACP clusters attaches itself to dental biofilm (plaque) and
tooth surfaces and act as calcium and phosphate reservoir, which
buffers free calcium and phosphate ions in saliva and plague pH
and help to maintain a state of super saturation with respect to
enamel minerals which would counteract a drop in pH preventing
demineralization. The calcium and phosphate concentration is kept
high within subsurface lesion and enamel remineralized by CPP-ACP
is a hydroxyapatite with a higher Ca:P ratio than normal apatite and
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is more resistant to acid challenges than normal tooth enamel. The
additive anti-cariogenic effect of CPP-ACFP than CPP-ACP is due to
presence of ACFP phase resulting in fluorapatite formation on enamel
surface [5]. Combination group of fluoride and CPP-ACP have more
remineralization potential than CPP-ACP alone [27,28]. When using
Er:YAG lasers fluencies near ablation threshold, temperature rise
upto 300-400°C can only induce morphological changes like water
evaporation and carbonate loss [29]. When subablative fluencies
were used for irradiation the Er:YAG laser showed calcium solubility
similar to an unlased group [30]. Liu JF et al., demonstrated that
when Er:YAG laser irradiation of pulse energies of 100 and 200mJ
were used, there was significant inhibition of demineralization [8].
The peak rise of temperature in our study was below 100°C and this
was not enough to bring any crystallographic changes in enamel [28]
since we used subablative fluencies to avoid mechanical damage
to enamel. This would have resulted in lower acid resistance for
laser similar to the control when compared with other groups. In
our study increased acid resistance of enamel was not achieved in-
vitro conditions as expected. From our findings use of subablative
fluencies of Erbium lasers alone would not be very favourable for
caries prevention. Liu JF et al., showed that Er:YAG laser with out
water mist was more effective than with water mist to reach sufficient
surface temperature to bring crystallographic changes in enamel
[8]. So in this study also we used laser with out water coolant. The
combined effect of Er:YAG laser irradiation associated with CPP-
ACFP application resulted in increased fluoride incorporation and
it depends on the fluence applied over the enamel surface. Even
though, for many years lasers have proved to be effective in various
clinical scenario in dentistry, the exact mechanism of action of
lasers on teeth is not fully understood even today. Further studies
are needed to investigate the changes occurring on sound enamel
after Er:YAG irradiation at sub-ablative fluencies and their effects
on demineralization and their remineralization potential when used
in combination with various remineralizing agents.

LIMITATION
This study is limited to using only Er:YAG laser with sub-ablative

parameter for caries prevention without comparing other lasers. The
sample size could have been increased. The effects of temperature
changes on the surrounding tissues and possible pulpal damage
due to laser use without water is not assessed since it is an in-vitro
study.

CONCLUSION

Within limitations of the present study we conclude that in the order
of CPP-ACFP (tooth mousse plus) with Er:YAG laser, CPP-ACFP,
CPP-ACP (tooth mousse) with Er:YAG laser were found to be more
resistant to enamel dissolution. The sub-ablative Er:YAG laser alone
and CPP-ACP were not very effective in reducing demineralization.
When laser alone is used other critical parameters like fluence, wave
length, irradiation time, water cooling, irradiation distance and laser
power should be considered to achieve the desired effect.
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