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Abstract

Objective: The aim of this in vitro study was to evaluate the variation in pulp chamber temperature during diode laser
irradiation using different power and time parameters. Methods: Ten human mandibular central incisors (n=10) were
selected, and their root canals were enlarged and filled with thermal paste. The root portion remained submerged in
a thermal bath at 37°C, and a thermocouple sensor connected to a digital thermometer was placed inside the pulp
chamber to measure the temperature variation. The diode laser (810 nm) was applied at a distance of 1 cm from the
dental surface, using power settings of 1, 2, and 3 W in continuous mode, for 5, 10, 15, 20, and 25 seconds. For each
power setting and for each tooth, five temperature measurements were taken in addition to the baseline measurement.
Data were analyzed using analysis of variance (ANOVA) and Tukey’s post-hoc test (a = 5%). Results: A statistically
significant difference was observed between all temperature readings compared to the baseline, as well as among all
time intervals, indicating a progressive temperature increase over time for all three tested power settings. Furthermore,
higher power resulted in greater temperature elevation (P < 0.05). Conclusion: The irradiation parameters used in
this study led to a progressive increase in pulp chamber temperature, without exceeding the 5.5 °C threshold

associated with irreversible pulpal damage.
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Introduction

The dental pulp maintains a dynamic physiological balance that can be disrupted
by various pathological processes, including bacterial virulence factors, inflammatory
responses, and, notably, thermal and electrical stimulit. The occurrence of thermal stimuli
is frequent in various clinical dental procedures2. Although heat transfer to dental tissues
is inherent to clinical practice, caution must be exercised to prevent iatrogenic damage
to the pulp. Classic studies, such as that of Zach and Cohen? (1965), have demonstrated
that an increase in pulp chamber temperature rise (PCTR) greater than 5.5 °C can lead
to irreversible biological effects on the pulp.

The dental pulp is directly related to the maintenance of tooth vitality and is
vulnerable to temperature increases?. In this context, dental structures exhibit
physiological protective mechanisms, such as the enamel and dentin layers, which
function as thermal insulators*. Studies indicate that greater thicknesses of these layers
offer increased protection against PCTR?>®,

The defensive responses of the dentin—pulp complex to irritative stimuli range
from dentin sclerosis and the formation of reactionary dentin to pulp inflammation and
necrosis’. The literature suggests that temperature increases above 5.5 °C pose a risk
of irreversible pulp damage, while increases between 3.3 °C and 5.5°C may lead to
reversible inflammation3. Therefore, dental procedures that generate heat should be
thoroughly studied to ensure the preservation of pulp vitality.

The use of high-power lasers has become widespread in various fields of
dentistry, including the disinfection of deep carious lesions without cavity preparation?,
endodontic procedures?®, treatment of dentin hypersensitivity'®, debonding of orthodontic
brackets!!, and evaporation of adhesive system solvents!?. However, these devices

cause heating of the target and surrounding tissues due to their photothermal effect!2,
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Several factors influence heat generation, including power output, wavelength, fiber
diameter, and irradiation time'>. Additionally, fiber distance and angulation™, as well as
the composition, optical, and thermal properties of the irradiated tissues, also affect heat
dissipation®'e,

Among high-power lasers, the diode laser stands out for its widespread use and
increasing popularity in dentistry, driven by its cost-effectiveness, portability, and
versatility'”. This type of laser operates predominantly at wavelengths between 810 nm
and 980nm', a range that favors absorption by pigments such as melanin and
hemoglobin™. Despite its broad clinical application®~ 12 and the available knowledge
regarding factors that influence thermal elevation!3~ '¢, further specific investigations are
needed to assess temperature variation in the pulp chamber caused by different
combinations of power and application time with the diode laser. Understanding the
thermal profile of this laser is crucial to optimize usage protocols and ensure pulp safety
and vitality during procedures.

In light of the above, the present study aims to evaluate the temperature variation
in the pulp chamber during irradiation with a high-power diode laser using different power
settings and application times. The conceptual hypothesis of this study is that the PCTR

resulting from diode laser use is proportional to the applied power and exposure time.

Materials and Methods

This study consisted of an in vitro experiment using extracted human teeth
obtained from the Tooth Bank of the School of Dentistry at the Federal University of Santa
Maria. The project was submitted to and approved by the Research Ethics Committee of
the Federal University of Santa Maria, under protocol number CAAE

16516813.4.0000.5346.
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Ten sound mandibular central incisors were selected, in accordance with sample
sizes reported in previous studies employing similar experimental designs®?°, Teeth
presenting pathological alterations such as calcifications or resorptions were excluded
based on clinical and radiographic evaluation.

After selection, the teeth were cleaned using McCall 13-14 curettes (Millenium —
Golgran, Sao Caetano do Sul, Sdo Paulo, Brazil) and Robinson brushes (MK Life, Porto
Alegre, Rio Grande do Sul, Brazil) moistened with pumice paste (Asfer, Sdo Caetano do
Sul, S&o Paulo, Brazil) and water. For disinfection, the specimens were stored for thirty
days in a 0.5% thymol solution at room temperature, with weekly replacements. One day
before the experiment, the teeth were rinsed in running water and stored in distilled water.

Coronal access was performed on the lingual surface using a spherical diamond
bur FG 1016 (KG Sorensen, Cotia, Sado Paulo, Brazil) attached to a high-speed
handpiece (KaVo, Joinville, Santa Catarina, Brazil) under constant irrigation. Residual
pulp and root tissues were removed with 0.5% sodium hypochlorite (Asfer, Sdo Caetano
do Sul, Sdo Paulo, Brazil) and a manual K-file #25 (Dentsply Maillefer, Ballaigues,
Switzerland). Subsequently, the root canals were enlarged using the same FG 1016
diamond bur.

The enamel and dentin thickness of each specimen was measured with a
thickness gauge positioned 2mm coronally from the cementoenamel junction to ensure
standardization of the preparation.

After preparation, the teeth were fixed in an acrylic support, with the roots
submerged in a thermal bath at 37 °C, controlled by a digital thermometer (Incoterm,
Porto Alegre, Rio Grande do Sul, Brazil), to simulate in vivo conditions. All samples
started the experimental protocol from equivalent baseline temperatures. The endodontic
cavity was completely filled with thermal paste (Implastec, Votorantim, Sdo Paulo,

Brazil), allowing heat transfer from the dentin walls to the thermocouple sensor.
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The laser device used was the Thera Lase Surgery diode laser (DMC
Equipamentos Ltda., S&o Carlos, Sado Paulo, Brazil), with a wavelength of 810nm and a
fiber diameter of 400um. The laser was applied to the vestibular surface of the dental
crown, positioned 1cm from the surface and 2mm from the cementoenamel junction,
using power settings of 1, 2, and 3W in continuous mode, for up to 25 seconds.
Temperature was recorded at intervals of 5, 10, 15, 20, and 25 seconds. For each power
setting and each tooth, five temperature readings were taken, in addition to the baseline
measurement.

Temperature was measured using the HI935005 thermometer (Hanna
Instruments, Woonsocket, Rhode Island, USA), connected to a type K thermocouple
sensor (Hanna Instruments, Woonsocket, Rhode Island, USA) with a diameter of 1.6 mm,
was inserted through the root canal into the pulpal chamber until it came into close
contact with the vestibular wall at the cementoenamel junction. To prevent displacement
during laser irradiation, the sensor was stabilized using a small amount of flowable
composite resin (lvoclar Vivadent, Schaan, Liechtenstein). The internal positioning of the
thermocouple ensured that it remained outside the laser beam path, receiving heat
exclusively conducted through enamel and dentin. The device was used according to the
manufacturer’s standard calibration, with no additional calibration procedures performed.

The experiment was conducted in an environment with ambient temperature
ranging from 20 to 24°C and relative humidity of approximately 50%, monitored by a
digital thermo-hygrometer (Kasvi, Pinhais, Parand, Brazil).

Temperature data were tabulated and analyzed using descriptive statistics with
the Statistical Package for the Social Sciences (SPSS), version 18.0 (IBM Corp., Armonk,
NY, USA). The normality of the distribution was verified by the Shapiro-Wilk test, and
homoscedasticity by Levene’s test. Temperature variation (AT) at each of the five time

intervals was compared across the different laser power settings using ANOVA, followed
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by Tukey’s post-hoc test to account for multiple comparisons. The baseline temperature
and the temperatures at each interval (T5s, T10s, T15s, T20s, T25s) were compared

pairwise using the t-test. All analyses were performed with a significance level of 5%.

Results

The thickness of the remaining enamel and dentin in the specimens ranged from
2.0 mm to 2.4 mm, with a mean of 2.15 mm.

Temperature variation at all time intervals (AT5s, AT10s, AT15s, AT20s, and
AT25s) was significantly influenced by the laser power setting (P <0.05), with higher

power levels resulting in greater mean temperature variations (Table 1).
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Table 1. Temperature values (standard deviation) and temperature variation, in degrees Celsius (°C),

intervals and different power settings tested.

T Os T5s AT5s T10s AT10s T15s AT15s
1w | 28,774(0,82) | 28,94%(0,79) | 0,17~ | 29,16 (0,81) 0,39* | 29,38*(0,79) | 0,61*
2W | 29,09* (0,77) | 29,42*8(0,70) | 0,4® | 29,93*8(0,70) | 0,91® | 30,45° (0,75) | 1,43°
3W | 29,16*(0,76) | 29,72% (0,71) | 0,63° | 30,48° (0,64) 1,32¢ | 31,158 (0,66) | 1,99°

T: temperature; AT: temperature variation.

Different letters indicate statistically significant differences between T and AT (ANOVA/Tukey, p < 0.05).

Each column represents an independent statistical test.
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Considering the temperature measured at each interval (T5s, T10s, T15s, T20s,
and T25s), the t-test indicated statistically significant differences both in comparison to
the initial temperature and among the individual time intervals. A progressive

temperature increase was observed over time for all power settings tested (P<0.05).

Discussion

The conceptual hypothesis of this in vitro study was confirmed: the increase in
pulp chamber temperature during diode laser irradiation proved to be proportional to the
power used and the duration of application, with longer exposure times and higher power
levels resulting in more significant thermal elevations.

The photothermal effect generated by high-power lasers arises from the
conversion of electromagnetic energy into thermal energy within the irradiated tissues™.
Therefore, controlling the amount of heat transmitted to the dental pulp is a critical factor
in the safe use of these devices in vital teeth'®. The classic in vivo study conducted in
monkeys by Zach and Cohen3 (1965) demonstrated that temperature increases above
5.5 °C in the dental pulp resulted in necrosis in 15% of the samples evaluated; increases
between 3.3°C and 5.5°C caused reversible inflammation, and no damage was
observed with temperature rises below 2.2 °C. In the present study, power settings of 1,
2, and 3W, regardless of application time (5, 10, 15, 20, and 25 seconds), did not
produce mean temperature increases greater than 3.27 °C. Therefore, the recorded
values remained below the thresholds considered harmful to pulp vitality.

Khouja et al.® (2017) evaluated intrapulpal thermal variation during diode laser
irradiation (808 nm, 1 W, continuous mode) for 30 seconds in premolars and observed a

mean temperature rise of 0.9 °C £0.2. These values were lower than those recorded in
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the present study, which may be attributed to the greater thickness of enamel and dentin
in the premolars used by those authors compared to the incisors analyzed in this
research. Dentin and enamel exhibit low thermal conductivity, and thicker layers act as
additional barriers to heat transfer>®.

The interaction of laser light with dental tissues depends on the optical and
thermal properties of the irradiated substrate, with absorption being the primary
phenomenon responsible for the photothermal effect’. In the case of the diode laser,
enamel - due to its high inorganic content- reflects between 30% and 60% of the incident
radiation, whereas dentin reflects between 20% and 40%?2*. These high reflection rates
reduce absorption and, consequently, limit the temperature increase. This proposition is
supported by the study conducted by Umana et al.?? (2013), who investigated thermal
variation during diode laser irradiation (810 nm, continuous mode, 10 seconds) in third
molars that were sectioned transversely at the middle third of the crown, exposing dentin
directly. Under this configuration, the temperature increase observed for a 1 W power
setting was 0.98 °C + 0.04, which was higher than the value obtained in the present study
for the same parameters (0.39 °C). This difference may be explained by the increased
absorption of light by the exposed dentin tissue, due to its lower reflection index, leading
to greater heat accumulation.

Laser power and exposure time were identified in this study as critical factors in
modulating the pulp chamber temperature rise (PCTR) during irradiation, with the highest
temperature increase recorded under the combination of maximum power (3 W) and
maximum application time (25 seconds). These findings are consistent with previous
studies, which also demonstrated that higher power settings and/or longer exposure
times result in more significant increases in PCTR®22.23,

The difference observed between the temperature of the thermal bath (37°C) and

the baseline measurements in the pulp chamber (28-29°C) reflects the low thermal
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conductivity of enamel and dentin?4. Similar differences have been documented by Hans
(2022)% even with an active microcirculation system. Our study focused on the
temperature variation (AT) between groups, with strict standardization of initial conditions
(Table 1), ensuring valid comparisons between protocols.

Although measures were taken to simulate in vivo conditions, such as maintaining
a 37°C thermal bath and filling the endodontic cavity with thermal paste to promote heat
transfer, it is important to note that temperature values obtained in in vitro studies tend
to be higher than those observed under clinical conditions?®. This occurs because the
laboratory environment does not accurately reproduce physiological elements present in
vivo, such as pulpal blood flow, fluid movement within the dentinal tubules, and the
presence of surrounding periodontal tissues, all of which contribute significantly to
thermal dissipation??7. This methodological limitation restricts the direct extrapolation of
results to clinical practice, highlighting the need for additional in vivo investigations to

validate the findings.

Conclusion

The results of this in vitro experiment demonstrate that the application of the
810 nm diode laser, in continuous mode, at a distance of 1 cm from the irradiated surface,
using power settings of 1, 2, and 3W for durations of 5, 10, 15, 20, and 25 seconds,
resulted in a progressive increase in pulp chamber temperature, proportional to the

power and exposure time applied.
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Resumo

Objetivo: O objetivo deste estudo in vitro foi avaliar a variagdo da temperatura da camara pulpar durante a irradiagéo
com laser de diodo utilizando diferentes pardmetros de poténcia e tempo. Métodos: Dez incisivos centrais
mandibulares humanos (n = 10) foram selecionados e seus canais radiculares foram alargados e preenchidos com
pasta térmica. A porgao radicular permaneceu submersa em um banho térmico a 37 °C e um sensor termopar
conectado a um termbmetro digital foi colocado dentro da camara pulpar para medir a variagéo de temperatura. O
laser de diodo (810 nm) foi aplicado a uma distancia de 1 cm da superficie dentaria usando configuragbes de poténcia
de 1, 2 e 3 W no modo continuo, por 5, 10, 15, 20 e 25 segundos. Para cada configuragdo de poténcia e para cada
dente, foram feitas cinco medigoes de temperatura, além da medi¢do da linha de base. Os dados foram analisados
usando andlise de variancia (ANOVA) e teste post hoc de Tukey (a = 5%). Resultados: Uma diferenca
estatisticamente significativa foi observada entre todas as leituras de temperatura em comparagdo com a linha de
base, bem como entre todos o0s intervalos de tempo, indicando um aumento progressivo da temperatura ao longo do
tempo para todas as trés configuragdes de poténcia testadas. Além disso, poténcias mais altas resultaram em maior
elevagéo da temperatura (P < 0,05). Conclusao: Os parémetros de irradiagéo utilizados neste estudo levaram a um
aumento progressivo da temperatura da cdmara pulpar, sem exceder o limite de 5,5 °C associado a danos pulpares
irreversiveis.

Palavras-chave: Temperatura; Lasers semicondutores; Cavidade pulpar.
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