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Abstract

Objective: To determine if cavity preparation using a 9.3 µm CO2-laser can prevent demineralization around a traditional 
composite, bioactive composite, flowable composite, or glass ionomer restoration compared to preparation with a traditional 
carbide-bur. 
Methods: Forty human posterior teeth were randomized. Vickers surface hardness measurements (MicroMet® 2104 Buehler) 
of enamel were taken. Twenty samples were irradiated with the 9.3μm CO2-laser and twenty were identically prepared using 
a carbide-bur. Each group (n=5) was restored with Filtek™ One Bulk Fill Restorative (3M) (Filtek OB), ACTIVA™ BioACTIVE-
RESTORATIVE™ (Pulpdent) (ACTIVA), GC Fuji IX GP® FAST (GC) (Fuji), or Filtek™ Bulk Fill Flowable Restorative (3M) (Filtek 
F) per manufacturer instructions. Samples were placed in 0.05M acetate buffer demineralizing solution for 7 days, thermo-
mechanically cycled for 10,000 cycles between 4-5°C and 55-60°C with a dwell time of 15s, immersed in 2% methylene blue 
solution and cut longitudinally. Three Vickers surface hardness measurements of enamel and dentin were taken near the 
subsurface restorative margin. Microleakage was assessed by measuring dye penetration along the gingival floor. Samples 
restored with the same material were compared using the two-sample t-test. Significance level was set at 0.0042 using the 
Bonferroni correction for multiple comparisons.
Results: Laser-irradiated and bur prepared groups had similar baseline surface microhardness for all materials. Sub-surface 
enamel microhardness of laser-irradiated samples in ACTIVA and Filtek F groups, and dentin microhardness of laser-irradiated 
samples in Filtek OB, ACTIVA, Fuji, and Filtek F groups were statistically significantly greater than bur-prepared samples. 
There was no difference in microleakage between laser-irradiated and bur-drilled samples. 
Conclusion: Using a 9.3 µm CO2-laser in tooth preparation can prevent demineralization around Filtek OB, ACTIVA, Fuji and 
Filtek F restorations compared to traditional carbide-bur preparation.
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Introduction

Lasers have been suggested for use in the dental field 
since the mid-1960’s for a wide array of procedures. Some of 
the first proposed functions in the field of dentistry include 
the 9.3um CO2 lasers’ ability to prevent demineralization 
by altering surface enamel [1-5]. As the use of lasers in 

dentistry expanded other lasers such as the Er:YAG [6-8] 
and the Nd:Yag [9-11] were suggested for their ability to 
cause similar changes in tooth structure ultimately resulting 
in a resistance to acid and demineralization. As such laser 
treatments have become more and more promising in the 
field of preventative dentistry, studies have explored the use 
of other lasers such as the Er, Cr: YSGG laser [12] and the 
argon laser [13,14] as well as combination treatments of 
different laser types and the addition of fluoride [9,15-17].
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Studies have shown that the melting and hardening of 
the smear layer prevent acid demineralization in both enamel 
and dentin hard tissues [5]. Treatment of tooth structure 
with CO2 laser irradiation has shown to melt the enamel 
structure and fuse it making it significantly more resistant to 
demineralization and decreasing its solubility [18-20]. The 
effect has been well studied and the mechanism of action is 
best demonstrated by using the CO2 laser to irradiate caries, 
as there is a significantly increased ratio and content of Ca 
and P in the surrounding treated hard tissue [18]. In dentin, 
similar structural alterations have been shown to prevent 
demineralization [18,19,21,22]. Additionally, dentin tubules 
exposed by the cutting abilities of the laser become sealed 
and both the surface and subsurface dentin are protected 
from the full detriment that a demineralizing environment 
would have on the tooth structure [22].

Since the initial work with CO2 lasers, studies have 
explored the ability of these lasers to prevent such 
demineralization at varying wavelengths, ultimately 
concluding that 9.3 and 9.6 μm lasers are most successful 
in inhibiting demineralization without the subsurface 
temperature rises [2,23]. Konishi, et al. showed, in a pilot 
study, that teeth prepared using a 9.3 μm CO2 laser were 
more resistant to secondary caries than teeth drilled with 
a high speed handpiece [3]. However, this study used resin 
composite to restore the teeth prior to a demineralization 
assay and noted that they did not use any etchant or adhesive, 
and that use of either or both may have changed the outcome 
[3]. Since this finding, others have re-enforced the ability of 
a 9.3μm CO2 laser to prevent enamel demineralization and 
analyzed its protective features in connection with fluoride 
use, however such studies observed the laser’s ability to 
prevent demineralization on surface enamel rather than 
prepared and restored teeth [24,25]. Rechmann, et al. 
showed that such findings are applicable to vital teeth in his 
in vivo study of teeth with bonded orthodontic brackets that 
received 9.6μm laser irradiation prior to bonding, finding 
that these teeth were more resistant to demineralization 
than those that had not received such treatment [26].

The aim of the present study is to investigate at the ability 
of a 9.3μm CO2 laser to prevent demineralization of enamel 
and dentin at the sub-surface margins of a preparation that 
has been restored in a clinically applicable fashion using 
appropriate etch, adhesive and conditioner. 

Material and Methods

Forty de-identified extracted human posterior teeth 
collected and stored for less than six months with no prior 
restorations and no gross decay were disinfected in a 1:10 
bleach dilution. Teeth were randomized and divided into 8 

groups according to their future preparation and restorative 
technique. The mesial surface of each tooth was identified 
and initial measurements of Vickers surface hardness were 
taken at 4 standardized points in the enamel, two buccal 
and two lingual, around the intended margins of the future 
preparation and restoration using a microhardness tester 
(MicroMet® 2104 Buehler, IL, USA) [27]. Each point was 
2mm away from one another. All samples were prepared 
with a 1.5-2mm deep and 4mmx4mm box on the mesial 
side, with the gingival floor 1mm below the cementoenamel-
junction (CEJ) in correspondence with the location of the 
original microhardness measurements. Half the samples, or 
four groups (n=5) were prepared using the Solea 9.3μm CO2 
laser (Solea® Dental Laser, Convergent Dental, Needham, 
MA, USA) and half the samples were prepared with a carbide 
bur in correspondence with their assigned group. Samples 
were stored in distilled water after preparation. One 
laser-prepared group (n=5) and one bur-prepared group 
(n=5) was restored with Filtek™ One Bulk Fill Restorative 
(3M, St Paul MN, USA) (Filtek OB), ACTIVA™ BioACTIVE-
RESTORATIVE™ (Pulpdent, Watertown MA, USA) (ACTIVA), 
GC Fuji IX GP® FAST (GC, Alsip IL, USA) (Fuji), or Filtek™ 
Bulk Fill Flowable Restorative (3M, St Paul MN, USA) (Filtek 
F) per manufacturer instructions. Samples were placed in 
0.05M acetate buffer demineralizing solution for seven days 
to create artificial caries [3,19,28]. To assess microleakage, 
samples were then thermo-mechanically cycled for 10,000 
cycles between 4-5°C and 55-60°C with a dwell time of 15s to 
simulate a service year [29]. All samples were then immersed 
in 2% methylene blue solution and cut longitudinally 
(IsoMet® 1000, Buehler) and gingival margin microleakage 
was measured using OmniMet analysis (OmniMet Buehler, 
IL, USA). Vickers surface hardness measurements of the 
longitudinally cut samples was then taken again in both 
the dentin and subsurface enamel. Three samples 10μm 
apart of enamel and dentin were taken 50μm away from the 
restoration margin. Laser and bur samples of surface enamel 
restored with the same material were compared using the 
two-sample t-test. Significance level was set at 0.0042 using 
the Bonferroni correction for multiple comparisons.

Results

Laser and bur group samples (n=5) from Filtek OB, 
ACTIVIA, Fuji, and Filtek F restorative groups had similar 
baseline enamel microhardness (P 0.17, 0.36, 0.23, 0.82 
respectively). Microleakage was not statistically significantly 
different between laser and bur groups (Table 1). The sub-
surface enamel microhardness of lased samples in ACTIVA 
and Filtek F groups was statistically significantly greater than 
bur prepared samples (P .004 and <.001 respectively) (Table 
2, Figure 1). The dentin microhardness of the lased samples 
in Filtek OB, ACTIVA, Fuji, and Filtek F groups was statistically 
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significantly greater than bur prepared samples (P <0.001, 
<0.001, 0.002, 0.004 respectively) (Table 2, Figure 2).

Group Laser Microleakage Bur Microleakage P value 

Filtek OB 58.3 ± 43.5 58.3 ± 43.0 1

ACTIVA 55.7 ± 35.7 68.0 ± 36.2 0.63

Fuji 97.9 ± 4.7 76.3 ± 35.6 0.22

Filtek F 48.8 ± 11.4 62.9 ± 42.8 0.49

Laser and bur samples of surface enamel to be restored with the same material were compared using the two-sample t-test with 
equal variances. P values <0.0042 were considered significant.
Table 1: Post-Demineralization Values of Microleakage.

GROUP

Post-Demineralization Post-Demineralization

Enamel Microhardness Dentin Microhardness

Laser Bur P value Laser Bur P value

Filtek OB 246.4 ± 38.8 205.1 ± 26.9 0.09 48.6 ± 4.7 31.3 ± 2.4 <0.001

ACTIVA 242.7 ± 17.7 184.4 ± 12.5 < 0.001 54.7 ± 6.4 36.3 ± 1.5 <0.001

Fuji 230.1 ± 40.0 192.9 ± 12.3 0.08 41.4 ±3.5 26.8 ± 6.2 0.002

Filtek F 276.5 ± 48.2 185.1 ± 16.8 0.004 51.0 ± 6.2 37.3 ± 4.5 0.004

Post-demineralization mean and standard deviation of enamel and dentin samples within the same group (n=5) were calculated. 
Significance level was set at 0.0042 using the Bonferroni correction for multiple comparisons. P values <0.0042 were considered 
significant.
Table 2: Enamel and Dentin Microhardness.

*Bars on graph denote standard deviations.
Figure 1: Post-Demineralization Microhardness of Cut Enamel.
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*Bars on graph denote standard deviations.
Figure 2: Post-Demineralization Microhardness of Cut Dentin.

Discussion

The benefits of using a 9.3um CO2 laser for tooth 
preparation include it’s technically accuracy, ease of use and 
diversity in preparing both soft and hard tissue. This study 
provides evidence for an added benefit, the decrease in 
demineralization around the margin of a restoration when 
using a 9.3 μm CO2 laser to remove caries and prepare teeth. 
While previous studies have shown the ability of a 9.3 μm 
CO2 laser to change tooth structure resulting in a decrease 
susceptibility to acid erosion [2,3,24,30] the current study 
was designed in a clinically-relevant manner by using the 
laser to create preparations and restoring them with a 
variety of popular clinical restorative material per their 
manufacturers recommendations for etch, conditioner and 
adhesive. In doing so, the results demonstrate the ability of 
the 9.3 μm CO2 laser to inhibit demineralization adjacent to 
many common clinical restorations and provide support for 
the expanded use of the laser in clinical preparations.

Because samples were to be prepared in a clinically 
relevant manner of tooth preparation and subsequent 
restoration, the initial microhardness measurements 
were done on uneven, unpolished surfaces introducing 
the possibility for error in the measurements taken on the 
Vicker’s microhardness machine which functions most 
ideally on ground, polished and acrylic-embedded samples. 
The standard deviations in initial microhardness for each 
group showed a much greater variance when compared 
to microhardness readings taken on the sectioned, flat, 

polished post-demineralization sub-surface samples. These 
higher standard deviations are likely due to the uneven tooth 
surfaces and while the testing machine can appropriately 
measure surface hardness as recorded in this method, 
when measuring such uneven surfaces it is likely necessary 
to spread out measurements across the surface and take a 
greater number of readings to reduce variance between 
measurements as compared to measurements taken on a flat 
and polished surface.

The post-demineralization enamel and dentin 
microhardness readings showed that there was a statistically 
significantly higher microhardness in laser prepared ACTIVA 
and Filtek F enamel groups and all four laser prepared dentin 
treatment groups as compared to bur prepared samples 
restored with the same material, indicative of an increased 
resistance to acid and therefore demineralization (Table 
2). These results verify that, as predicted, the laser is able 
to produce an acid resistant layer that even when restored 
and exposed to an acid challenge, prevents acid erosion 
and ultimately demineralization and loss of tooth structure 
hardness. While many previous studies have shown the 
laser’s ability to produce acid resistance [2,24] the current 
study verifies that if the laser is used in cavity preparation and 
clinical restoration a similarly effective acid resistant layer 
is both formed and functions to reduce demineralization. 
While in dentin, an innately softer and more acid-susceptible 
tissue, a decrease of hardness was prevented in all four laser 
prepared groups, in enamel only two of the four experimental 
groups showed such acid resistance. It is possible that 
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in order to replicate sufficient acid erosion in order to 
see a statistically significant difference in microhardness 
a longer, more acidic or combination remineralization/
demineralization assay such as that used in Rechmann et al. 
would be necessary [2,24].

Results showed that there was no difference in the 
percentage of microleakage measured between samples 
prepared with a CO2 laser compared to those prepared 
with a carbide bur. Microleakage occurs when bacteria and 
bacterial byproducts are able to leak at the tooth-restoration 
interface ultimately leading to dentin sensitivity and the 
need to replace restorations. Previous studies such as 
Shafiei, et al. Mozaffari, et al. and Santos, et al. have shown 
that restorations pre-treated with a CO2 laser have not 
had a reduced susceptibility to microleakage as may have 
been predicted [31-33]. While the laser is able to change 
the enamel and dentin structure to prevent sub-surface 
marginal demineralization, such changes do not improve 
the tooth-restoration interface in a way that prevents 
microleakage better than the control. Ultimately, the CO2 
laser has no adverse effect on the sealing of enamel at the 
sub-surface margins of preparations restored in any of the 
four restorative groups. It can however be hypothesized that 
while microleakage may still occur in these laser prepared 
restorations, dentin irritation and enamel degradation 
typical of microleakage may be prevented by increased 
hardness of the sub-surface tooth structure indicated by the 
results of the subsurface microhardness assays and needs to 
be explored in future studies in vital teeth.

Additional studies should explore the ability of the laser 
to provide such changes in dentin and sub-surface enamel 
on a larger scale and with additional restorative products. 
Further studies may also find a better way to control for 
the differences in initial hardness and mineralization both 
between samples and within the same sample. Such error 
between samples could possibly be minimized by creating 
bur and laser preparations on the same tooth and comparing 
results within one sample. Instead of using surface enamel as a 
non-demineralized control, measuring subsurface enamel on 
the cut enamel samples in a deeper area that was not affected 
by the acid demineralization, could provide a more accurate 
control. Alternatively, masking an area of each tooth from the 
demineralization solution and taking a measurement at the 
same depth as the prepared, demineralized and sectioned 
data, could provide more comparable controls. Finally, while 
Rechmann, et al. looked at the abilities of a similar 9.6 um CO2 
laser to prevent demineralization intraorally, the study look 
at surface laser treatment adjacent to orthodontic bracket 
placement as opposed to an intraoral cavity preparation and 
restoration [26]. Ultimately, studies should be conducted in-
vivo using the 9.3 um CO2 laser for cavity preparation with 
complete clinical restoration as such results have not been 

shown and would provide high levels of evidence of the 
benefits of laser cavity preparation.

Conclusion

This study demonstrated that sub-surface enamel 
and dentin immediately adjacent to the internal margins 
of a preparation and restoration are more resistant to 
demineralization when prepared using a 9.3um CO2 laser 
than when prepared with a traditional carbide bur. While 
the study was in vitro and had some limitations, the tooth’s 
increased resistance to demineralization could indicate an 
intraoral reduction in recurrent carries around the margins 
of restorations and ultimately provide further longevity to 
restorations prepared with the 9.3um CO2 laser than those 
prepared with a traditional carbide bur. 
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