
JDC SCIENTIFIC ARTICLE

Journal of Dentistry for Children-74:1, 2007 Castilho et al 21Er:YAG Laser and Temperature Changes

ABSTRACT
Purpose: The purpose of this in vitro study was to evaluate the temperature changes in the 
pulp chambers of deciduous molars during cavity preparation with an Er:YAG (erbium 
substituted: yttrium aluminium garnet) laser. 
Methods: Two cavities were prepared in 14 maxillary deciduous molars: one with the Er:
YAG laser and other with a diamond bur using a high-speed handpiece (control), providing 
4 groups with 7 cavities each. The laser treatment was applied for 30 seconds (group 1) 
and 60 seconds (group 3). The internal pulp temperature was recorded during preparation 
procedures with a thermocouple, and temperature changes were calculated by the difference 
between the maximum and initial temperature. 
Results: There were signifi cant differences (P<.01) between Er:YAG laser irradiation for P<.01) between Er:YAG laser irradiation for P
60 seconds and 30 seconds and the 2 high-speed drilling groups, which were similar. The 
Er:YAG laser used for 60 seconds provided the highest temperature alteration (4.01ºC).
Conclusion: Er:YAG laser irradiation increased the temperature of the deciduous teeth 
compared to the high-speed drilling treatment. The temperature increments, however, 
remained below the critical value (5.5ºC). (J Dent Child 2007;74:21-5)
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The word laser is an acronym for “light amplifi cation 
by stimulated emission of radiation.” A laser device 
is a nonionizing light that transforms one type of 

energy, usually electrical, into optical energy.1,2 This energy 
presents some particular characteristics (monochromatic, 
collimate, and coherent) that, in contact with the irradiated 
tissue, results in different effects depending on the: 
 1. laser light’s physical properties, such as: 
  a. wavelength;
  b. power; 
  c. pulse duration; 
  d. spot size; and 
  e. irradiation time.1-4

 2. optical properties of the irradiated tissue, such as: 
  a. optical density; 
  b. structure; and 
  c. absorption maximum peak.1,5,6

This innovative technology has benefi ted from decades 
of continuous investigation.1,7-11

Among the laser systems currently available, the erbium 
substituted: yttrium aluminium garnet (Er:YAG) laser has 
been advocated as a viable approach for caries removal and 
cavity preparation for composite restorations with minimal 
extension into sound tooth structure, as long as it is utilized 
under water-cooling.2,9,10,12-17

The ability of the Er:YAG laser to effectively ablate dental 
hard tissues is ascribed to its 2.94 μm wavelength emission, 
which is coincident to the main absorption peak of water 
and is also well absorbed by hydroxyapatite crystals.1,8,18,19

During irradiation, the water is vaporized almost instanta-
neously and the stream pressure causes an increase in the 
irradiated volume.1,2,19 This expansion surpasses the crystal 
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strength of dental structures and produces an explosive 
ejection of both organic and inorganic tissue micropar-
ticles, thus determining the microcrater-like appearance 
typical of lased surfaces.14,18-22 Histological investigations 
have indicated that the pulpal response to Er:YAG laser 
irradiation is reversible and similar to that of a high-speed 
turbine.4,23 Clinical studies demonstrated that the Er:YAG 
laser causes less pain, vibration, pressure and noise than 
high-speed drilling.3,9,13 Its use often reduces the need for 
local anesthesia and increases patient’s comfort and accep-
tance,3,9 particularly in pediatric dentisty.16

 Previous researchers using the Er:YAG laser in primary 
teeth, however, report only surface morphology,19,21,22,24

bond strength,19,21 or microleakage.11,25,26 No available pub-
lished data exists that evaluate the thermal effect of this laser 
on the deciduous dentin-pulp complex. The pulpal outline 
of primary teeth follows the dentin-enamel junction more 
closely than the pulpal outline of permanent teeth, and the 
dentin is not so thick, leading to thinner dentine-enamel 
layer on the occlusal surface of the primary teeth.11,24

The purpose of this in vitro study was to evaluate tem-
perature changes in the pulp chamber of deciduous human 
molars during cavity preparation with the Er:YAG laser. 

METHODS
Fourteen noncarious maxillary deciduous molars stored in 
0.1% thymol solution at 4°C were used in this experiment. 
All the selected teeth had completed the natural exfoliation 
process. Teeth were cleaned with a scaler to remove the re-
maining pulp tissue and were washed in running water for 
24 hours to completely remove the thymol solution. They 
were also examined under a X10 stereomicroscope (Nikon 
Inc Instrument Group, Melville, NY) to exclude those with 
structural defects. 

The occlusal enamel of each specimen was removed with 
carborundum discs (Broadbean, São Paulo, Brazil) using a 
low-speed handpiece (Dabi Atlante, Ribeirao Preto, São 
Paulo, Brazil) under continuous water-cooling, producing a 
plain dentin surface. To determine the positions of the cavity 
preparations, 3 points were marked in the exposed surface: 
one in the central portion and the other two equidistant 2 
mm from the fi rst point in a mesiodistal direction.

A standardized 4-mm deep cavity was prepared in the 
center of the vestibular face of the tooth’s cervical portion 
using a no. 1011 diamond bur (KG Sorensen, São Paulo, 
Brazil) using a high-speed handpiece (Dabi Atlante, Ri-

beirão Preto, São Paulo, Brazil). 
This was necessary to introduce 
the type K thermocouple inside 
the pulp chamber. An adjustable 
acrylic apparatus was developed 
at the Dental Research Labora-
tory of the University of Ribeirão 
Preto, Ribeirão Preto, São Paulo, 
Brazil, to keep the specimens in 
a standardized position and allow 

an appropriate fi xation of the thermocouple during cavity 
preparation. A wax ring was attached to the specimen to 
facilitate the fi xation in the acrylic device and to avoid the 
water used for refrigeration reaching the thermocouple and 
leading to inaccurate temperature measurements. 

Samples were randomly assigned to 4 groups, each with 7 
cavities, and were submitted to the following treatments: 
 1. group 1—cavity prepared with the Er:YAG laser for 

30 seconds; 
 2. group 2—cavity prepared with a diamond spherical 

bur in a high-speed rotation to the same depth of the 
group 1 cavity; 

 3. group 3—cavity prepared with the Er:YAG laser for 
60 seconds; 

 4. group 4—cavity prepared with a diamond spherical 
bur in a high-speed rotation to the same depth of the 
group 3 cavity. 

Details about the studied groups are described in Table 1.
 Laser irradiation was performed with an Er:YAG laser 

device (Opus 20; Opus Dent, Tel Aviv, Israel) at an output 
energy of 14 Hz and 420 mJ. This laser employs a solid 
crystal of yttrium-aluminum-garnet (YAG) doped with 
erbium ions. The laser beam was delivered on noncontact 
mode by means of a sapphire point (17-mm length, 1.3-
mm diameter) and an angled handpiece attached to the 
optic fi ber system.

The temperature was measured during the cavity prepara-
tion with Er:YAG laser irradiation. Subsequently, the cavity 
depth was measured with a no. 80 Hedströen fi le (Dentsply 
Maillefer, Ballaigues, Switzerland) and a rubber stop. 

The obtained values were transferred to a spherical bur 
with a ruler and a pen. Cavity preparations with high-speed 
drilling were performed similar to the laser cavity depth. 
Burs were discarded after every two prepared samples, and 
all the procedures were accomplished under water-cooling. 
Laser preparation times were standardized at 30 or 60 sec-
onds and were measured by digital chronometer. 

Temperature variation during cavities preparations were 
measured by a digital multimeter (Et-2070; Mimipa, São 
Paulo, Brazil) with a thermocouple positioned inside the 
pulp chamber. The study was performed in a temperature-
controlled room, with the initial temperature of each sample 
standardized at 22ºC. All procedures were accomplished 
at the Laser Center  of the University of Ribeirão Preto, 
Ribeirão Preto, São Paulo, Brazil, following the security pre-
cautions for use of the laser device. Temperature alteration 
was obtained by the difference between the highest recorded 

Table 1. Studied Groups

   Group Cavity preparation Time (s) Cavity depth (mm) Cavity diameter (mm)

       1 Er:YAG laser 30 0.5 1.0

       2 High-speed turbine 10 0.5 1.0

       3 Er:YAG laser 60 0.8 1.5

       4 High-speed turbine 20 0.8 1.5
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value during cavity preparation and the initial value (22ºC). 
Temperature averages and standard deviations were 

calculated and data were analyzed by analysis of variance 
(ANOVA). Multiple comparisons were done using Tukey’s 
statistical test at a 0.01 signifi cance level.

RESULTS
Temperature means and standard deviations for each group 
are shown in Table 2. 

The ANOVA showed a statistically signifi cant difference 
(P<.01) among groups 1 through 4. P<.01) among groups 1 through 4. P

Tukey’s test indicated that group 3 (prepared with the 
Er:YAG laser for 60 seconds) provided the highest increase 
in temperature, followed by group 1 (prepared with the Er:
YAG laser for 30 seconds) and group 2 (prepared with high-
speed drilling with the same dimensions of group 1). 

Group 4 (prepared with high-speed drilling with the same 
dimensions of group 3) was statistically different from group 
3, presenting intermediate values between groups 1 and 2. 

DISCUSSION
In pediatric dentistry, fear and anxiety during the restorative 
procedures are mainly associated with the: 
 1. noise and vibration produced by high- and low-speed 

handpieces; and 
 2. need for local anesthesia.16,19,22

Caries removal and cavity preparation with laser tech-
nology has become a subject of major interest due to the 
possibility of accomplishing noninvasive dental preparations 
with minimum patient discomfort.3,9,13,16

This study showed that the Er:YAG laser device for 
cavity preparation increased deciduous teeth temperature 
when compared to high-speed drilling. These results differ 
from those performed in permanent teeth that observed a 
similar temperature increase with Er:YAG laser irradiation 
and conventional bur preparation15,27 or those that verifi ed 
a lesser increase in intrapulpal temperature during laser 
preparation compared to bur treatment.28

The greater temperature increase was obtained with Er:
YAG laser irradiation for 60 seconds (4.01ºC), followed 
by the application for 30 seconds (2.29ºC). A suitable ex-
planation for such a performance would be that increasing 
the laser irradiation time promotes a reduction in dentin 
thickness1,2 and that the laser focal point is approached to 
the thermocouple. Consequently, the pulp chamber thermal 
alterations are intensifi ed.6,28,29 The stimulus generated in 
the dentin-pulp complex can accelerate the deciduous teeth 
exfoliation process.24

Nevertheless, in all groups, the temperature increments 
remained below the critical threshold described of 5.5ºC.7

This is partially explained by the fact that, when the equip-
ment is working in noncontact mode, during laser irradia-
tion a slight energy dispersion occurs due to the amplifi ca-
tion of the spot size (the beam’s diameter).3,14,28 Besides, 
in healthy dental pulp, blood circulation and periodontal 

structures ensure a certain level of heat dispersion.4,23 For 
this reason, in vitro models for temperature measurements 
are probably only an approximation of the real conditions 
of the buccal cavity . 

Several studies using the Er:YAG laser in permanent 
teeth7,15,17,18,25,28,29 have shown that pulp temperature is not 
increased to a level than can cause irreversible damages to 
pulp tissue. Indeed, it was speculated that the Er:YAG laser 
leads to initiation and completion of pulp repair earlier 
than the high-speed drill.23 On the irradiated surface, the 
Er:YAG laser: 
 1. modifi es the calcium-to-phosphorus ratio; 
 2. reduces the carbon-to-phosphorus ratio; and 
 3. leads to the formation of more stable and less acid-

soluble compounds.  
This results in reduced dental susceptibility to a caries 

attack.5 It is also important to highlight that previous in-
vestigations emphasize that the laser device should be used 
with continuous water mist to avoid pulp necrosis9,12,16-18

or dentin carbonization12,15,19,20 and to provide effective 
dental ablation.1,4,8

In the dental literature, different results can be observed 
related to the temperature changes during Er:YAG laser 
dental treatment. Hoke et al8 observed an increase of 
2.2ºC, Burkes et al obtained values around 4ºC, Zanin 
et al6 verifi ed a maximum increase of 3.1ºC, Oelgiesser et 
al30 reported a maximum temperature peak of 5.5ºC, and 
Attrill et al17 observed a maximum increase of 4.0ºC. These 
results cannot be directly compared to those found in the 
present study, however, since they presented differences in 
scope and experimental design.

Another feature to be considered is that the time spent 
in the cavity preparation with the Er:YAG laser was almost 
three times greater than the diamond bur in a high-speed 
handpiece. Previous research2,3,14 also observed that a lon-
ger time was required during Er:YAG laser treatment. In 
fact, it has been discussed that cavity preparation is only a 
small part of the complete treatment time.3 Thus, since the 
restoration time is supposed to be the same in laser and bur 
treatment and the need for local anesthesia is signifi cantly 
lower in laser practice,3,7,13 the entire clinical time with the 
laser device or mechanical drill would be similar.

Table 2. Mean and Standard Deviation (°C) of 
Temperature Alteration* for Each Experimental Group†

 Group Cavity preparation Time (s) Mean±(SD)

      1 Er:YAG laser 30 2.29±0.70b‡

      2 High-speed turbine 10 1.14±0.39c

      3 Er:YAG laser 60 4.01±0.77a

      4 High-speed turbine 20 1.33±0.50bc

*Temperature alteration was obtained by the difference 
between the highest recorded value during cavity 
preparation and the initial value (standardized in 22ºC).
†Critical value (α=0.001): 1.13.
‡Same letters indicate statistical similarity.
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This study’s results offer perspectives on new research 
that evaluate the temperature alteration during preparation 
with the Er:YAG laser in deciduous teeth varying in the: 
(1) type of cavity; (2) laser parameters; (3) teeth group; and 
(4) histological changes in pulp tissue. Further in vitro and 
in vivo research is required to support optimal and safe ap-
plicability of this promising pediatric dentistry alternative 
technology. 

CONCLUSION
Within the limitations of this in vitro study, it may be conclud-
ed that Er:YAG laser irradiation increased the temperature of 
the deciduous teeth compared to the preparations performed 
with high-speed drilling. The temperature increments, how-
ever, remained below the described critical value of 5.5ºC.
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