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Abstract: One hundred sixty prepared dentin  samples either non lased or ablated with different  energy

levels of 200 mJ, 300 mJ and 400mJ of Er:YAG laser. The samples either etched or non etched to bond

to resin composite equally. The surface roughness (Ra) was measured for all samples before laser ablation,

after laser ablation and after pretreatment of the dentin surfaces. The shear bond strengths between dentin

surfaces and resin composite were measured and statistically analyzed. The microstructure changes were

evaluated by scanning electron microscope. There was a positive linear correlation between surface

roughness and energy levels before and after treatment at P# 0.005.There was a positive linear correlation

between shear bond strength and energy levels before etching and negative correlation after etching of

lased dentin surfaces at P#0.005. The increase of Er:YAG laser energy level used decrease bond strength

of dentin to resin composite . Using Er:YAG laser for preparing dentin surfaces  negatively affect surface

morphological characteristics which may interfere  with bonding.
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INTRODUCTION

Nowadays, with the current trend towards “minimal

intervention” adhesive systems with different treatments, 

of substrate surfaces were developed .[1 ,2]

Drilling with a diamond or tungsten carbide bur is

the most common way of cavity preparation, but more

researches has been carried out on alternative means of

preparing tooth tissue. Surgical removal of initial

infected tooth tissues leads to extensive damaging of

sound tooth structure, adjacent teeth are often harmed

and also formation of smear layer . [3 ,4]

These drawbacks of rotary instruments for cavity

preparation, along with the current trend towards

“minimal invasiveness” have led to the introduction of  

new tools or the revival of already existing techniques,

such as sono-abrasion, air abrasion, and laser

ablation[5 ,6].

Since the discovery of ruby laser, there was an

advanced use of laser in dentistry. Several types of

laser e.g. CO2 and Nd:YAG lasers have shown their

insufficiency due to required relatively high energy

densities to cut dental hard tissues with consequent

major thermal side effects .[7]

However, The development of a solid state laser

erbium-doped yttrium aluminum garnet emitted at

wavelength (λ = 2.94 mm), Er:YAG hard tissue lasers

have the capability to remove infected enamel, dentin,

cementum, bone  and soft tissues safely. The ability of

Er: YAG laser and other hard tissue lasers to reduce or

eliminate vibrations, audible sound of drills,

microfracture, and discomfort that many patients feel

are commonly associated with the use of handpieces .[8]

Also Takamori  demonstrated that tooth[9 ]

preparation with the Er:YAG laser may lead to pulpal

repair faster than with rotary preparation. The Er:YAG

laser produces minimal thermal effect on the tooth

during preparation in comparison to other dental lasers.

The cutting effect of the Er:YAG laser on enamel,

dentin, carious dentin, and composite varies according

to the water content of the material being prepared .[1 0] 

Most commonly, the dentin surface morphology,

chemical composition and smear layer will be different

according to the way of dentin preparation. Also the

adhesive bond strength will be variable according to

either the preparation technique or the pretreatment

protocols before direct tooth colored restoratives e.g.

resin composite or glass ionomer . [5 ,11]

Er: YAG lasers have a 2.94 µm wavelength,  that

emit in the mid infrared  region of  electromagnetic

spectrum. The  water absorption of the Er:YAG laser

is almost 10 times greater than that of the CO2 laser

and 20.000 times greater than the Nd:YAG, which

may explain why it is successful for drilling hard

dental tissue with removing minimal structural  and

thermal damage .[12] 
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The duration of the Er:YAG laser pulse is set at
250 millisecond, which theoretically can make it
almost painless .[13] 

Er:YAG laser can be used in focused and
defocused modes with minimal damage zone of about
20µm to 40µm without carbonization  . [14]

Er:YAG laser are designed in a fashion that allow
the operator to use a continuous wave laser in a pulsed
manner by selecting various exposure duration
intervals or by pressing and releasing the foot switch
to pulse the  laser  energy  .[15]

Celik et al  examined the influence of Er:YAG laser[16] 

on the shear bond strength of three different adhesives
to lased dentin. The samples were subjected to shear
bond testing 24 hours after bonding. They found that
Only the Er:YAG laser + Clearfil tri-S Bond group
demonstrated significantly higher bond strengths vs
conventionally prepared specimens .They concluded
that Er:YAG laser irradiation did not adversely affect
the shear bond strength of Single Bond 2 and Clearfil
Protect Bond to dentin, whereas it increased the shear
bond strength values of Clearfil tri-S Bond.

There  are  several  different  types of  delivery
modalities for  Er:YAG  laser. One  is  contact  mode,
where the fiber itself touches the tissue and the  others
were used in the non-contact mode .[17]

However, unanswered question remains of  this
technique: what will be the results of  different energy
levels of Er:YAG  laser on dentin surface roughness
and bond  strength of lased dentin to resin composite
restorations with different pre-treatment techniques.

Therefore, this study was designed to evaluate the
effect of different energy levels of Er:Yag laser on
dentine surface roughness and bond strength of lased
dentine to resin composite restorations. Scanning
electron microscopeic micrographs of the dentine
surface after different energy of Er:YAG treatments as
well as after application of resin adhesive and
debonding of the restorations will be done.

MATERIALS AND METHODS

One hundred and sixty human molar teeth were
extracted, from 30 to 40 years old patient, for
periodontal diseases. The teeth were free from visible
caries and other surface defects. Teeth were cleaned
with a rotary brush and pumice and stored in saline no
more than 6 months from time of extraction to
inclusion in the study.

The roots were sectioned 2 mm beyond the
cemento-enamel junction. Teeth were individually
embedded in polyvinyl chloride cylinder (2 cm
diameter and 1.5 cm high) filled with an auto-
polymerized acrylic resin (JET, Cla´ssico, Sa˜o Paulo,
SP 05458-001). 

The occlusal enamel was removed by horizontal

sectioning till reaching the dentin just below the

dentinoenamel junction using the Isomet slow-speed

diamond  saw  (Isomet  1000;  Buehler, Lake Bluff,

IL, USA). 

The dentin surface was abraded with decreasing

grits of silicon carbide (SiC) paper (from #800 to #

1200) under water-cooling for 30 s / paper. 

Dentin surface area for testing was determined with

the aid of an adhesive tape punched by a modified

Ainsworth rubber-dam punch to provide 3 mm diameter

holes. This was necessary to ensure that the restorative

material was applied to the tested areas .[11 ,18 ,19]

 

The total 160 samples for resin composite

application were classified:

Group 1: 80 samples were not pretreated with acid.

Group 2: 80 samples were pretreated with acid.

Each group was further divided into four subgroups

according to Er:YAG laser  energy levels used: 

Subgroup 0: no laser

Subgroup 1: 200 mJ Er:YAG laser

Subgroup 2: 300 mJ Er:YAG laser

Subgroup 3: 400 mJ Er:YAG laser

Thus, a total of 160 samples were prepared for this

study representing 20samples of each condition. Each

sample was tested for surface roughness and fracture

bond strength. 

Dentin surfaces, to be exposed to laser, were

ablated by Er:YAG laser device *.  Its wavelength 2.94

µm in infra red region.  Spot size was 3 mm and pulse

dura tion  250µ  m . The beam  w as  applied

perpendicularly to the specimens, with the tested

different energy levels of (200, 300, 400 mJ). 

A pulse repetition rate was 4 HZ. The  number  of

pulses delivered for each specimen was constant 50

pulses as the duration was 12.5 sec.

Group 1 of samples wasn't etched and group 2 was

etched   for 10 sec with etching agent (35 % of

phosphoric acid, Cica ,PROMEDICA, Germany) and

rinsed for 20 sec. Then oil free air dried. 

A thin layer of the tested adhesive material

(Compobond 1, PROMEDICA, Germany) was carefully

applied, to etched or non etched specimens, on the

limited dentin surface with disposable brush tips to

avoid excess and pooling of adhesive along the edges

of the insulating tape, which could compromise the

distribution of fracture during the test. The specimen

was gently air-dried for 5s and photopolymerized for

20 s using a light-curing unit [(XL 3000, 3M Dental

Products,  USA)]  with  an output of 450 mW/cm2.
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The intensity of light was checked with a radiometer

[Demetron/Kerr, Danbury, CT, USA] every five

samples.

A circular Teflon mold was positioned over the

tested areas, resulting in a cylindrical cavity with the

diameter coincident with the determined bonding area

(φ = 3mm) and 2 mm in height. 

Resin composite(Composan LCM, PROMEDICA,

Germany)  was applied, and cured for 40 sec, to the

treated surface to give a disc of 3 mm in width and 2

mm in depth.

For all the samples, non etched or etched, a

circular Teflon mold was positioned over the tooth,

resulting in a cylindrical cavity with the diameter

coincident with the determined bonding area (φ =

3mm) and 2 mm in height.

Measurement of Surface Roughness: Five points were

determined on each sample for measuring of the

surface  roughness  of  the  dentin for all groups.

These points were one on the upper part of the tested

area, one in the lower part, one on the right part, one

on the left part and one on the center. 

Dentin roughness was tested using a profilmeter*.

The profilmeter which is based on a diamond tracer of

0.5 µm in diameter was adjusted to traveling distance

of 0.8. It is based on measuring the Ra value which is

the arithmetic mean of the movement of the profile

above  and  below  the  central line of the surface.

The mean of five tracing for every specimen was

calculated and taken as the surface roughness value of

the specimen. Dentin roughness was measured for all

samples before laser ablation, after laser ablation and

after pretreatment of the dentin surfaces.

Measurement of Shear Bond Strength: The samples

of each group were subjected to shear bond strength

testing. The samples with their restorative material

were clamped to a universal testing machine***. 

Each specimen in its resin block was hold in the

lower jaw of the testing machine. In the upper jaw, a

knife edge chisel was attached and allowed force

application on interface between the test material and

the tooth surface. The test machine was run at a

constant speed of 0.5 mm/min until the material

fracture. Shear bond strength values were registered in

Newton and transformed into MPa by dividing the

maximum load by the surface area.

Topographic Evaluation: The tested surfaces of the

samples  were  prepared.  Then examination of

changes  in the dentin surfaces after each treatment

and bond failures patterns of the dentin restoration

interface were carried out  using Scanning Electron

Microscope. 

Numerical data were presented as mean and
standard deviation values. Paired t-test was used to
compare between mean surface roughness and mean
shear bond strength before and after surface treatment.
One-way ANOVA (Analysis of Variance) was used to
compare between means surface roughness and shear
bond strength after application of different energy
levels. Duncan’s post-hoc test was used for pair-wise
comparison between the means when ANOVA test is
significant. The significance level was set at P # 0.05.
Statistical analysis was performed with SPSS 14.0
(Statistical Package for Scientific Studies) for
Windows.

RESULTS AND DISCUSSIONS

Results: The results of the tested one hundred sixty
dentin samples (Tables 1 and 2) as affected by
Er:YAG laser ablation at different energy levels surface
pretreatments, were collected and statistically  analyzed
as  shown  in  (Tables 1). Histograms  were  drawn
(Fig.1) The microstructural changes were evaluated
from the obtained Scanning electron microscope
images.

Paired t-test showed that without laser application,
there was no statistically significant increase between
mean surface roughness values (Ra) before and after
etching. With 200, 300 and 400 mJ applications, the
Ra  values after etching was statistically significantly
higher than before etching.

Comparison Between Mean Ra Values with
Different Energy Levels: The means, standard
deviation (SD) values, results of ANOVA and
Duncan’s test are presented in the following table 5
and figures (2):

ANOVA test showed that there was a statistically
significant difference between the different energy level
before treatment. Duncan’s test results showed that
there was no statistically significant difference between
mean Ra values with no laser. While 200mJ level
showed the lowest mean Ra values. There was a
statistically significant difference between the different
energy levels after etching. Duncan’s test results
showed that the statistically significantly lowest Ra
value was found without laser application. This was
followed by 200 and 300 mJ applications with no
statistically significant difference between them. The
highest value was found with 400 mJ and the
difference  with other levels was statically significant
at P # 0.01

Comparison Between Mean Shear Bond Strength
Before and after Treatment: The means, standard
deviation (SD) values and results of paired t-test are
presented in the following table 3 and figure (3):
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Table 1: M ean and standard deviation of Ra values with different Er:YAG laser energy levels  before  and after etching or conditioning.

Treatment Energy level Before After P-value

-------------------------------------- -------------------------------------

M ean SD M ean SD

Etching No laser 1.3 0.4 1.5 0.1 0.176

-----------------------------------------------------------------------------------------------------------------------------------------------------------

200 mJ 1.2 0.3 1.8 0.1 0.001*

-----------------------------------------------------------------------------------------------------------------------------------------------------------

300 mJ 1.5 0.4 1.9 0.1 0.019*

-----------------------------------------------------------------------------------------------------------------------------------------------------------

400 mJ 1.6 0.4 2 0.1 0.010*

*: Significant at P #  0.05

Table 2: The means, standard deviation (SD) of Ra values with different energy levels:

Treatment Before treatment After Etching

---------------------- ------------------------------------------------- ------------------------------------------------------------------------

Energy level M ean SD M ean SD

0.4 0.1No laser 1.3 1.5 a
a

--------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

0.1200 mJ 1.2 0.3 1.8  a
b

--------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

0.1300 mJ 1.5 0.4 1.9  a
b

--------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

0.1400 mJ 1.6 0.4 2  a
c

P-value                 <0.001*                                               <0.001*

*: Significant at P #  0.01, Means with different letters are statistically significantly different 

Table 3: M ean and standard deviation of Shear bond strength results  before  and after etching .

Before After P-value

Treatment  Energy level -------------------------------------- ---------------------------------------

M ean SD M ean SD

Etching No laser 22.8 0.1 73.4 0.2 <0.001*

----------------------------------------------------------------------------------------------------------------------------------------------------------------

200 mJ 29.6 0.2 89.2 0.2 <0.001*

----------------------------------------------------------------------------------------------------------------------------------------------------------------

300 mJ 39.7 0.3 69.6 0.1 <0.001*

----------------------------------------------------------------------------------------------------------------------------------------------------------------

400 mJ 43.1 0.4 63.7 0.3 <0.001*

*: Significant at P #  0.05

Fig. 1: Histogram showing Ra values before and after

etching.

Without  laser  application  and  with 200, 300

and  400mJ,  the mean shear bond strength after

etching  was statistically significantly higher than

before etching. 

Fig. 2: Histogram showing comparison between Ra

values with different energy levels before and

after etching.

Comparison Between Mean Shear Bond Strength

with Different Energy Levels: The means, standard

deviation (SD) values, results of ANOVA and

Duncan’s test are presented in the following table 4

and figure (4).
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Table 4: M ean and standard deviation of Shear bond strength results with different Er:YAG laser energy levels.

Treatment Before etching After etching

----------------- ---------------------------------------------- ---------------------------------------------------------------------

Energy level M ean SD M ean SD

0.1 0.2No laser 22.8 73.4 a
d

--------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

0.2 0.2200 mJ 29.6 89.2 b
e

--------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

0.3 0.1300 mJ 39.7 69.6 c
c

--------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

0.4 0.3400 mJ 43.1 63.7  d
b

P-value               <0.001*                                                               <0.001*

*: Significant at P #  0.05, Means with different letters are statistically significantly different 

Fig. 3: Histogram showing comparison between mean

shear bond strength before and after etching

Fig. 4: Histogram showing comparison between mean

shear bond strength with different energy

levels before and after etching. 

Before Etching: ANOVA test showed that there was

a statistically significant difference between the

different energy levels. Duncan’s test results showed

that the statistically significantly lowest mean shear

bond  strength was found without laser application.

This was followed by 200, 300 and 400 mJ. 500 mJ

showed the statistically significant highest mean.

After Etching: ANOVA test showed that there was a

statistically significant difference between the different

Fig. 5: SEM  images  of 300 mJ Er:YAG lased

dentin surface showing more irregular,

fissuring, scaling and flaking surface. at

magnification. 6000.

Fig. 6: SEM  image  show  open tubule with

collagen fibril network.: at magnification.

12000 .
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energy levels. Duncan’s test results showed that the

statistically significantly lowest mean shear bond

strength was found with 500 mJ application. This was

followed by 400, 300 mJ and no laser. The statistically

significantly highest mean was found with 200 mJ

application.

Correlation Between Shear Bond Strength and

Energy Levels: Results of Pearson’s correlation

coefficient are presented in the following table 5:

There was a statistically significant positive

correlation between shear bond strength and energy

levels before etching.

There was a statistically significant negative

correlation between shear bond strength and energy

levels after etching, before and after conditioning.

Results  of  Scanning  Electron  Microscope:  It

was found that when dentin, ablated with tested

Er:YAG laser energy densities, showing irregular,

fissuring, scaling and flaking of the surface and

removal  of  smear  layer  (Fig.  5)  in comparing

with  etched  dentine  surface  after  removal  of

smear  layer and smear plugs without lasing (fig 6).

The  more  increase  of  the  energy densities used,

the  more  increase of surface irregularity. At 400,

more  dentinal  tubules  openings were found (Fig.7).

In case of etching of dentin surface after Er:YAG

ablation,  it was found that decreasing of surface

scaling  and flaking. Intertubular dentin is more

affected than peritubular dentin & appearance of

peritubular cuffing (Fig. 8). At 400 mJ, there was an

increase  in the width of dentinal tubule opening than

at 200 and 300 (fig. 9).

In case of debonding of resin composite from

dentin surface, the lased none etched samples are

showing adhesive failure and slight remnants of

bonding resin (Fig. 10).  While lased etched debonded

dentin surface are showing adhesive failure and

multiple  remnants and fragments of bonding resin

(Fig. 11).

 

Discussion: This investigation was carried out on the

effect of different energy levels of Er:YAG laser on

dentin surface roughness and bond strength of lased

dentin to resin composite and glassionomer filling

materials.

The  Er:YAG  laser  was  chosen  for  the  study

as  it  was  proposed  by  many  investigators  to  be

 a promising  type  of  laser  for  cutting  hard  dental

tissues  with  minimal pain and thermal  damage . This

was  presumed  as  its  wave  length ( λ = 2.94 µm)

coincides  with  the  absorption  peak  of the

hydroxyaptite  crystals , collagen  and  water  which

are  the  major  constituents  of  dentin . [20 ,21]

Table 5: Correlation between shear bond strength and energy

levels:

Treatment Correlation coefficient (r) P-value

Before etching 0.915 <0.001*

After etching -0.974 <0.001*

*: Significant at P #  0.05

Fig. 7: SEM images of 400 mJ Er:YAG lased dentin

surface showing more irregular, scaling,

flaking and cuffing of peritubular dentin. at

magnification. 6000.

Fig. 8: SEM images of 200 mJ Er:YAG lased and

etched dentin surface showing decreasing of

surface  scaling and flaking . intertubular

dentin  is  more affected than peritubular

dentin  &  appearance of peritubular cuffing.

At magn. 12000.

Dentin samples were prepared from freshly

extracted teeth stored in saline to avoid dryness of

dentin as possible since the dentinal fluid would

enhance the Er:YAG laser ablation as reported by

many  investigators.  In  this investigation, the water
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Fig. 9: SEM image of 400 mJ Er:YAG lased  &

etched  dentin  surface  showing

decreasing of surface scaling and flaking.

Prominent &multiple dentinal tubules

openings. At magnification. 6000.

Fig. 10: SEM images of debonded 400 mJ lased

dentin surface from resin composite  showing

adhesive failure, few resin remnant around

dentinal tubules. A: at magn.1000, B: at

magn. 2500 & C: at magn. 6000.

flow rate was 1.4 ml/min for pulse repetition rate 4 HZ

and energy levels 200 mJ, 300 mJ, 400 mJ and  these

parameters coincide with those of, Keller and Hibst ,[20]

who stated that the beam can ablate, or remove by

melting or vaporization, carious dentin with an energy

level of 250 mJ, sound dentin with 300 mJ, and

enamel with 350 mJ. It is almost impossible to prepare

Fig. 11: SEM images of debonded 400 mJ lased
&etched  dentin  surface from resin
composite  showing adhesive/cohesive
failure, multiple resin remnant around
dentinal tubules. Bonding fragment appear.
At magnification. 6000.

a flat surface using a dental laser. Therefore, flat dentin
surfaces were initially prepared using a diamond saw.
The dentin surfaces were abraded with decreasing grits
of silicon carbide (SiC) paper (from #800 to # 1200)
under water-cooling for 30 s / paper to have a standard
smear layer. 

Effect of Different Energy Levels on Surface
Roughness: It was found that there was increase in the
dentin surface roughness when energy levels were
increased. This may be explained as the increase the
energy densities of Er:YAG laser causing increase
ablasive process at fixed time of exposure. It was
coincide with Keller and Hibst  Aoki et al and[20] [22] 

Hoke et al  who found that  the surface configuration[23]

of the dentin was have pits and grooves. In addition,
it lacks of smear layer and the orifices of many of the
tubules were exposed. Hibst and Keller  mentioned[24]

that the depth of pits ,craters and grooves was
dependent on the pulse energy levels used, the lower
energies show shallower patterns. 

Also there was a statistically significant positive
correlation between surface roughness and energy
levels before and after treatment.  It may be attributed
to surface alteration occurred after laser ablation and
also after acid application. These findings was in
agreement with William et al , and Visuri et al  [25] [26]

It was found that there was a statistically
significant positive correlation between shear bond
strength and energy levels before etching  These results
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were In contrast, Keller and Hibst , Visuri et al ,[8] [21]

and Stiesch-Scholz and Hanning  postulated that the[27]

lased dentin surface possessed an advantage because of

an apparent enlarged surface area for adhesion based

on the scaly and flaky surface appearance following

Er:YAG irradiation. Our results are in agreement with

the findings of Aoki et al , Ceballos et al[22] [28]

Kameyama et al  and Martinez-Insua et al , who[29] [30]

stated that this scaly surface appearance of laser

ablated dentin, along with the cuff like appearance of

peritubular dentin described by Aoki et al , was also[22]

evident  in the SEM images from the current study.

The unusual appearance of laser ablated dentin can be

explained by understanding the process of laser

ablation. Li et al  explained that the Er:YAG laser[31]

thermomechanically ablates hard tissues by causing

micro-explosions within inorganic structures in teeth.

Initially, the Er:YAG laser vaporizes water and other

hydrated organic components until internal pressure

causes the destructive explosion of the inorganic

component  before the melting point is reached. Aoki

et al  determined that intertubular dentin was[22]

selectively  ablated more than peritubular dentin,

leaving a cuff of more highly mineralized peritubular.

The higher water content of intertubular dentin

compared to peritubular dentin can explain this.

Ceballos et al  stated  that the ablation of dentin[28]

fused collagen fibrils together resulting in a lack of

interfibrillar space, restricting resin diffusion into the

subsurface intertubular dentin.

It was found that a statistically significant negative

correlation between shear bond strength and energy

levels after etching. It was also found that the highest

percentage of shear bond strength changes was at non

lased etched samples followed by the samples lased at

200 mJ and etched. These data show that bond

strengths are significantly weaker when tooth surfaces

are prepared with the Er:YAG laser at high energy

levels. Our results confirm the observation that laser

ablated dentin has significantly lower shear bond

strength compared with, conventionally non lased

prepared acid-etched dentin Ceballos et al . And[22]

scanning electron microscope image (fig10) of this

study show low degree of penetration of the resin to

the lased dentin surfaces. We may consider that the

lack of resin penetration in laser-ablated dentin is the

most  likely  explanation  for lower bond strengths.

The bonding mechanism of resin to acid-etched dentin

i s  w e l l  k n o w n  a n d  u n d e r s t o o d  t o  b e

micromechanical  .[32 ,33]

It was found that when dentin specimens were acid

etched after they were laser ablated, a significant

improvement in shear bond strength from lased

specimens alone was observed. In  contrast,

Kameyamaet al . stated that acid treatment following[29]

laser irradiation amplified the deleterious effects to

dentin. Scanning electron image show that the use of

phosphoric acid after laser irradiation eliminates some

of the surface scaling and flaking that magnifies the

laser-ablated dentin surface However, it appears that

the thermo mechanical effects of laser irradiation

extend into the subsurface in both dentin compromising

the integrity of the tooth-restoration bonded interface

and decreasing the resulting shear bond strength. 

Scanning electron microscope images of debonding

of resin composite from dentin surface showing

characteristic adhesive failure, few resin remnant

around dentinal tubules showing characteristic adhesive

failure. While conventionally etched debonded resin

composite from dentin surface showing adhesive failure

at resin dentin interface and cohesive failure of resin

adhesive. 

But Scanning electron microscope images of

debonding of resin composite from lased dentin

surfaces, the lased non etched samples are showing

adhesive failure and slight remnants of bonding resin

( Fig. 10)  While lased etched debonded dentin surface

are showing adhesive and cohesive failure and multiple

remnants and fragments of bonding resin (Fig. 11)

These data are in agreement with the fracture

pattern findings of Kameyama et al  and Martinez-[29]

Insua et al . The cohesive dentin failures may be[30]

explained by the lack of penetration of resin into

Er:YAG ablated dentin, creating a weak subsurface

zone just below the interface.

Conclusions: Under the limitation of this  investigation

the following conclusions could be drawn:

C Still the conventional method is preferable than

Er:YAG laser  for dentin preparation.

C The increase of Er:YAG laser energy levels

followed by increase in dentin surface roughness

even after etching. 

C The increase in Er:YAG laser energy level used

followed by  the increase of the bond strengths of

dentin to resin composite. This was in contrast

after etching of lased dentin surfaces, the increase

of Er:YAG laser energy level used the decrease of

bond strength of dentin to resin composite . 

C Using Er:YAG laser for preparing dentin surfaces

affecting surface morphological characteristics

which may interfere  with bonding of tooth

colored restorative materials to lased dentin.

Recommendations:

C It  is  recommended  to  use  Er:YAG  laser at

energy levels 200 mJ   followed by acid

pretreatment of dentin before application of tooth
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colored restoratives  as it shows highest shear

bond strength and  minimal dentin surface

alteration

C It is recommended to study the interaction patterns

between dentin and resin composite or glass

ionomer when the Er:YAG laser was used for

cavity preparation .
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