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ABSTRACTABSTRACTABSTRACTABSTRACTABSTRACT

Sistemele laser în regim pulsat Er:YAG [i CO
2
 sunt considerate a fi instrumente adecvate pentru abla]ia smal]ului [i dentinei  deoarece ambele ]esuturi au un nivel

ridicat al aborb]iei pentru radia]ia cu lungimea de und\ cuprins\ între 2,9 [i 9,6 µm. Scopul acestui studiu este de a eviden]ia modul în care sistemele laser Er:YAG
[i CO

2
 influen]eaz\ din punct de vedere cantitativ [i calitativ diametrul [i adâncimea craterului în urma abla]iei ]esuturilor dure dentare: smal] [i dentin\.  În acest

experiment s-au utilizat molari 3 umani proasp\t extra[i.  Sursele laser au fost reprezentate de Er:YAG Kavo Key dental model 1240 [i CO
2
 Laser Sonics LS 860.

Dimensiunile craterelor ob]inute au fost m\surate prin microscopie optic\. Rezultatele ob]inute au fost modelate experimental cu programele: GRAPHER [i
STATGRAPHICS. Dup\ procesarea matematic\ a rezultatelor, am ob]inut informa]ii pertinente în ceea ce prive[te influen]a parametrilor cheie în eficien]a abla]iei
conform tipului de laser utilizat. În concluzie, rezultatele cercet\rii noastre demonstreaz\ faptul c\ ambele tipuri de laser execut\ o abla]ie eficient\ a dentinei
atunci când energia laser variaz\ între 200 [i 300 mJ.
Cuvinte cheie: CO

2
, Er:YAG, ]esut dur, eficien]a abla]iei.

Pulsed Er:YAG and CO
2
 lasers should be suitable instruments for dentin and enamel ablation  because both tissues have absorption peaks for radiation situated

at 2.9 and 9.6 µm wavelengths. This is the context of our research that emphasizes the way in which the diameter and the depth of the crater made in enamel and
dentin with the laser Er:YAG and CO

2
 is influenced in quantity and quality. Freshly extracted human 3rd molar were used for this experiment. The laser sources

were Er:YAG Kavo Key dental model 1240 and CO
2
 Laser Sonics LS 860. The dimensions of the obtained craters were measured using the optical microscopy

method. The obtained results were modeled experimentally with the programs: GRAPHER and STATGRAPHICS. After the mathematical processing of the results,
we obtained relevant information regarding the influence of key parameters in the efficiency of the ablation according to the type of laser. Finally, our research
results shows that both lasers ablate dentin efficiently when the laser energy ranges between 200 and 300 mJ.
Key Words: CO

2
, Er:YAG, hard tissue, ablation efficiency

Research on processing of hard dental substance
is of great interest at the moment.  This fact is due to
the appearance of a large number of laser types and
the tendency to improve dentistry maneuvers
through a fast, painless and without side effects
treatment. Taking into account these three points of
view, none of the lasers merchandised for dentistry

purposes have been considered adequate until now.
Practically, researches have been focused on the use
of laser in dentistry on dental hard tissue for both
processing the enamel surface (increase of
microhardness, sealing of pits and fissures,
conditioning), dentin surface (conditioning, closing of
dentin tubules, sterilization), and also for the removal
of decayed and healthy dental hard tissue.  The
drawback of this last procedure is the secondary thermal
effect that could lead to irreversible lesions, intolerable
for the hard tissue and within the pulp.  This fact
induced researchers1,2 to affirm that laser could limit
its use in dentistry if new lasers with appropriate
wavelength and an optimal use of the laser ’s
parameters would not appear. Meanwhile, the
utilization of Er:YAG laser on the dental hard tissue
with no thermal effects has already been proved by
some researchers.3  The possible application of
Excimer l = 193 nm4 and 308 nm5 Nd:YAG6 and
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MATERIAL AND METHOD

CO2
7 ultrapulse with no adjacent thermal effects has

also been proved. The use of these lasers on the dental
hard tissue is also connected to the efficiency of the
ablation and the degree of erosion.  Several studies on
this problem have been made, using lasers with
excimer,8 Nd:YAG,9 Er: YAG.10,11,12

Lately, research has been focused on the utiliza-
tion of CO2,

13,14 Er: YAG,15,16,17,18 excimer lasers as a
possible processing technology of the dental hard sub-
stance in modern dentistry. 19  This is also the context
of our research that emphasizes the way in which the
diameter and the depth of the crater made in enamel
and dentin with the laser Er:YAG and CO2 is influ-
enced in quantity and quality.  This influence depends
on the laser power, the pulse duration, and the number
of pulses.

The model of the experiment is presented in Figure 1.

Fig. 1. The sample exhibit with crater made by: a). CO
2
 laser;  b). Er:YAG

laser.

The 3rd molars were sectioned longitudinally
from the occlusal to the apical area in two halves. The
resulting enamel and dentin flat surfaces were exposed
to laser radiation.  The dimensions of the obtained
craters were measured using the optical microscopy
method.  The samples were placed on a device that
presents the capacity of x-y-z translation for position-
ing the enamel and dentin surfaces in the focal plane
of the laser radiation.  The results obtained were mod-
eled experimentally with the following programs:
GRAPHER and STATGRAPHICS. These two pro-
grams assisted us to find the regressive equation
through a quadratic polynomial, the representation of
the influential factors’ histogram, the estimation of the
model’s confidence. From the above mathematical
data, it was also possible to plot the curvilinear re-
sponse surfaces and subsequently the response curves.

Preparation of Teeth
In this study, healthy human 3rd molars were used

within 48 hours after extraction.  They were sectioned
longitudinally as described above, and fixed in 3.8%
formaldehyde.  In order to get a flat surface, the cut-
ting surfaces were polished 9 µm to 43 µm with a
diamond paste.  These teeth were then placed in hold-
ers so that the surface to be irradiated was situated in
the laser beam’s focal plane.

Laser SourcesLaser SourcesLaser SourcesLaser SourcesLaser Sources
Pulsed Er:YAG and CO2 lasers were used. The

Er:YAG was a KAVO KEY dental model 1240, op-
erating at a wavelength of 2.94 µm and delivering
pulses of 60 - 500 mJ, with a pulse duration of 250
ms each.  This means that every pulse represents a
peak power of 0.24-2 KW.  Since the laser beam was
focused on the tooth surface with a spot of 500 mm,
the energy density (ED) was 30 - 250 J/cm2, with a
peak power density (PPD) of 0.12-1MW/cm2 per
pulse.  Pulse frequency could be set from 1 to 4 Hz.

The CO2 (LaserSonics LS 860) delivered 1-60 W
power in CW mode, at 10.6 mm wavelength.  The
laser was operated in the pulsed mode and provided
6.25 - 350 mJ in a burst of 25 pulses, each with a time
duration of 250 ms, with a 2 ms time interval between
successive pulses.  The laser beam was focused to a
500 mm spot diameter to produce up to 180 J/cm2

ED in every burst.  Each pulse within the burst
contained up to 14 mJ energy to produce an ED of
7.2 J/cm2 and a PPD of 28 KW/cm2.

Experimental Procedure
During the experiment, the samples were treated

with the two types of laser (CO2 and Er:YAG) in the
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following manner: 8 samples were irradiated with CO2
laser and 16 samples were irradiated with Er:YAG la-
ser.  For each sample, 4 craters (holes) were made on
the enamel, respectively 4 craters (holes) on the dentin
with each laser type.  According to Figure 1a, the tooth
was separated in two laser attack areas (using laser CO2):
A and B. Given the established objective functions:
the crater’s diameter and the crater’s depth, we used
the arithmetical mean of the two craters for each of
them, with the same value of the laser parameters.

The influential factors were: the laser power P[W]
and the laser radiation’s energy E[mJ]. The following
parameters of the CO2 laser were constant: pulse length
= 6.25 ms, the length of the exposure = 50 ms.
Because the energy was directly proportional with the
power and the duration of the impulses, only the modi-
fications made by the laser power on the rate of abla-
tion in the dental hard tissues were taken into
consideration. Figure 1b depicts the way the teeth were
treated with the Er:YAG laser: 4 craters on the enamel
and 4 on the dentin for different pulses, respectively
frequencies. Apart from these parameters, the laser’s
energy has also changed within the 140 to 500 mJ
interval. The modeling of the experiment has been
done with the programs GRAPHER and
STATGRAPHICS.  The following modeling methods
were used: the least squares method, for both the simple
and the multiple regression method. The purpose of
the data processing using the mathematical model
method with the two programs was to establish the
model y = f( x1, x2, ….xn), where xn are the significant
influential factors.  The decisions that need to be made
before the experiment on factors are as follows:

• Setting the initial domain of the experiment that
represents the area where the significant influential fac-
tors are defined and can be controlled.

• Establishing the central point of the experiment
(zero level). This is the point where the experiment is
made in the most general case with n influential fac-
tors. This point is situated in a n+1 dimensional plane.

• Establishing the variation intervals. The varia-
tion interval represents the quantity added or subtracted
from the central point, which is the superior or infe-
rior level of the influential factors.

The effective experiment performance refers to
these levels.

The ablation volume calculation was obtained
measuring the depth and geometry of the craters
produced by the CO2 and Er:YAG lasers on enamel
and dentin. Before the measurements, the laser holes

were observed by light microscopy. Thermal damage
adjacent to the edge of the holes after the CO2 laser
drilling in the enamel shows opacity in the lased area
and changes of the normal enamel color, from chalky
white to yellow. The laser hole borders are clear, round
or ovular. The dentine carbonization is accompanied
by cracks. These can be seen when the focus of the
microscope was adjacent to the studied surfaces, and
also on the bottom of the holes. On the dentin wall,
melting occurs together with carbonization. The dentin
edges are clear and round, with various numbers of
fissures (small cracks).

When drilling with Er: YAG laser on the enamel,
the defective ablation is visible, but the edge of the
crater is irregular and most of the time ovular. Com-
paring with the CO2 laser effects, carbonization and
cracks were not found in many craters. However, these
thermal effects are likely to occur at the side of the
laser rim, when the energy is between 350 to 450 mJ.
In dentin, the edge of the holes presents a round,
ovular, or irregular aspect. Focusing inside the holes,
the bottom becomes asymmetrical from the center
toward the periphery.

The values of CO2 laser’s parameters and the val-
ues measured for the crater’s depth and diameter are
presented in the Tables 1 and 2.

Table 1. The measured values of the diameter and depth of craters in the
enamel after CO

2
 laser exposure.

For the samples treated with CO2 laser,
GRAPHER was used to model the experiment. The
diameters of the craters in dentin and enamel extend

[ ] [ ]

[ ] [ ]

[ ] [ ]

[ ] [ ]
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Table 2.The measured values of the diameter and depth of craters in the
dentin, after co

2
 laser exposure

For the samples treated with CO2 laser,
GRAPHER was used to model the experiment. The
diameters of craters in dentin and enamel extend with
the increase in the pulse number (Table 1 and 2).  The
crater’s depth extends together with the increase of
the energy in the case of enamel (Table 1 and 2). The
functional dependence- model is most convenient
through power functions and the equations are as it
follows:

DENTIN; AREA  A
ENAMEL;  AREA  A
• diameter: Y=  0,340159 × X0,102858

• diameter: Y=  0,076746 × X0,358725

• depth: Y=  0,031876 × X0,425929

• depth: Y=  3,733092 × X-0,581483

DENTIN; AREA  B
ENAMEL;  AREA B
• diameter: Y=  0.399093 × X0,080671

• diameter: Y=  0.065474 × X0,387079

• depth: Y=  0.106933 × X0,168913

• depth: Y= 8.812173 × X-0,698526

Y= diameter: d[mm]
X= energy: E[mJ]

Tables 3 and 4 present the measured values for
each crater obtained in the enamel (Table 3) and den-

tin (Table 4), which correspond with the variations in
the Er:YAG laser parameters.

In the case of samples that were treated with
Er:YAG, it can be noticed that the experimental data
show an optimum point for both the diameter and
depth, situated around the value of the energy of
250mJ. This dependence is valid for the enamel and
the dentin as well, at 2 - 4 Hz frequency. In addition,
the curvilinear response surfaces have the largest
curvature.  In the case of the enamel, the influence of
the number of pulses on the crater’s parameters is
insignificant.

The appropriateness of the model was deter-
mined based on the coefficient of the simple/multiple
determination (R -squared). These equations are as
follows:

ENAMEL
f=2[Hz]; i= no.of. pulses[-]; i=10
Y= 0.02043 ×  X0,57789

Y=diameter: d[mm]
X= energy: E[mJ]
R-squared- the appropriateness of the model
R-squared= 83.81 %

with the increase in the pulse number (Table 1 and 2).
The crater’s depth extends together with the increase
of the energy in the case of enamel (Table 1 and 2).

[ ] [ ]

[ ] [ ]

[ ] [ ]

[ ] [ ]

[ ] 
[-] 

[ ] 

[  ]    [ ] 

[ ] 

[  ]    [ ] 

Table  3. The measured values of the diameter and depth of the crater in the
enamel after the Er: YAG laser exposure.

420 TMJ 2004, Vol. 54, No. 4



Using a multiple regression, we can include both
the influence of the energy and of the number of
pulses, and we get an adequate function of the crater’s
parameters, given the variables of the process.

These equations are as follows:
Y= diameter: d[mm]
X1= energy: E[mJ]

X2= no. of pulses [-]
R-squared= the appropriateness of the model

ENAMEL
Crater diameter for f=4[Hz]
Y=0.040463 + 0.004106 × X1 - 0.003 × X2 +
+ (-5.764276 E-6)     × X1

2

R-squared= 50%

Crater diameter for f=2[Hz]
Y= -0.139972 +0.004512 × X1 + 0.003812× X2+
(-5.712508 E-6) × X1

2

R-squared= 82%

Crater depth for f=4[Hz]
Y= -0.132773 + (-3.364577 E-6) × X1 

 -
- 0.0002× X2+ 0.002461× X1

2

R-squared= 67%

Crater depth for f=2[Hz]
Y= -0.070345 +  0.001646× X1 -  0.000387× X2+
(-2.258036 E-6) × X1

2

R-squared = 39%
DENTIN
Crater diameter for f=4[Hz]
Y= 0.30173 + 0.001866×X1+0.001778× X2 +
(-1.948793 E-6) ×X1

2

R-squared=60%

Crater diameter for f =2[Hz]
Y= 0.233809 + 0.001983× X1 + 0.002778× X2+
(-2.442176 E-6) × X1

2

R-squared=70%
Crater depth for f=4[Hz]
Y= - 0.09607 + 0.003704× X1 +  0.025511× X2+
(-5.383761 E-6) × X1

2

R-squared=52%

Crater depth for f=2[Hz]
Y= 0.288145 + 0.00198× X1 + 0.0123633× X2+
(- 2.25989 E-6) × X1

2

R-squared=53%

DISCUSSIONS

Apart from the interaction of laser radiation with
dental hard tissues (enamel, dentin), there are craters
with variable depth and diameters depending on the
laser type used, the number, length, and energy of
laser pulses.20,21 After the mathematical processing of
the results (measuremement of the diameter and the
depth of penetration), what we obtain is relevant

f=2[Hz]; i=10
Y= 0.003315 × X0,698712

Y= depth: a[mm]
X= energy: E[mJ]
R-squared= 77.79 %
DENTIN
f=2[Hz]; i=10
Y= 0.18234 × X0,218299

Y=diameter: d[mm]
X=energy: E[mJ]
R-squared=68.05 %

f=2[Hz]; i=10
Y= 0.29668 × X0,195154

Y=depth: a[mm]
X=energy: E[mJ]
R-squared=43.22 %

[ ] 

[ ] 

[ ] 

[ ]        [ ] 

[ ] 

[ ]        [ ] 

Table 4. The measured values of the diameter and depth of the crater in the
dentin after the Er: YAG laser exposure.
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regarding the influence of the key parameters in the
efficiency of the ablation and also for indicating the
quality of the ablation according to the laser chosen.

Our research confirmed the results from litera-
ture22,23,24 regarding the capacity of the CO2 and
Er:YAG lasers25,26 to ablate dental hard tissues. The
experiment project allowed us to get the models of
response functions concerning the diameter and depth
of each crater. Thus, the regressive functions resulted.
Using these regressions, the two parameters were
obtained with a confidence interval of 70%. Therefore,
with the obtained models we can explain the tendencies
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ranking the influential factors in the order of their
importance over the objective functions.

During processing with Er:YAG, given the di-
rection of the laser beam, there is a deviation of 90o

of the crater’s axis after a certain crater.
The geometry of the crater’s surface is influenced

by the laser parameters and the structure of the treated
tissue. Hence, during the irradiation with either CO2
or Er:YAG lasers we get elliptic surfaces that extend
as the quantity of the used laser increases.  On the
other hand, the crater in dentine is circular, which
indicates the appropriateness of the laser in the ablation
of this tissue.

Presently, from our studies results that both la-
sers ablate efficiently the dentine when the laser en-
ergy varies between 250  and 350 mJ.  From these
two lasers, Er:YAG is the one that is more efficient
for ablating enamel and the dentine. The margin of
the enamel crater showed sharp edges and projections.
Explosive forces fracturing the enamel would create
this effect. Because the water content of the dentin is
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more easily. The secondary thermal effects, like car-
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CONCLUSIONS

Both lasers can ablate dental hard tissues. Controlling
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