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Abstract 

 

Aim: In periodontology, photobiomodulation therapy applications are increasing due to their acceleration of 

regeneration and anti-inflammatory effects. It is known that there is an increase in temperature during laser therapy. 

The aim of this study is to measure the temperature changes while using a 980-nm diode laser with different 

parameters in a new gingival simulation method.  

Materials and Methods: Silicone impression material was placed in a prefabricated 3-cm diameter teflon mold with 

the measuring tip of the digital thermometer in the center. To simulate gingiva, a 1x1 cm
2
 bovine collagen membrane 

was placed. The diode laser was set at 0.4 watts (W), 0.6W, 0.8W, 1W, 1.5W, 2W, 3W, 4W, 5W, and 6W powers 

pulsed (PW), the continuous mode (CW) was applied to the dry membrane, and 0.05 cc and 0.1 cc of blood 

impregnated the membrane for 60 seconds. Temperature changes were measured with a digital thermocouple.  

Results: The highest temperature change was 2.5
°
C and occurred during the 6W CW mode in a 0.1-cc bloody 

membrane. In addition, the CW mode created a temperature change ranging from 1 to 2.5 times greater compared to 

the PW mode. As the W value increased, it was observed that the temperature change increased in direct proportion. 

Conclusion: According to the results of this study, it was determined that the photobiomodulation therapy applied 

with a 980-nm diode laser increased the temperature in the gingival simulation model, but this increase did not exceed 

10
°
C, which is the critical value for bone tissue. 

 

   Research Article (HRU Int J Dent Oral Res 2024; 4(1): 10-14) 
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Introduction 

 

"LASER" is an acronym derived from the words 

"Light Amplification by Stimulated Emission of 

Radiation." Theodore Mainman did the practical work of 

the laser in 1960, and the first worked laser was invented 

by Mainman. In this laser, Mainman used ruby crystals as 

the main substance, leading to the term "ruby laser." The 

thermal effect of the ruby laser on teeth was explained in 

1965 by two researchers named Goldman and Taylor (1). 

Research showed that the ruby laser caused an increase in 

temperature both in the tooth itself and in neighboring 

teeth (2,3). After the discovery of the first ruby laser and 

its application in dentistry, a wide variety of lasers were 

invented and used in both soft and hard tissue treatments   

in dentistry. However, for the laser to act on 

biological tissues, it needs to be absorbed by them. 

Moreover, absorption is related to the physical and 

chemical properties of tissue (4). Following absorption, 

photothermal, photomechanical, and photochemical 

effects occur in the tissue. While these effects depend on 

the duration, wavelength, and power of the laser beam, 

the physical properties of the tissue are also important 

(2).  

Photobiomodulation is a treatment method used to 

reduce inflammation and increase tissue repair and pain-

relieving “analgesic” effects. The biostimulative effect of 

the laser was found incidentally in 1967 when Dr. Mester 

did research on the laser and cancer. 
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Since then, thousands of publications have been added 

to the literature, and the effect of photobiomodulation 

on reducing inflammation, accelerating wound healing, 

and pain reduction continues to be investigated (2,5,6). 

A number of changes occur in the laser-activated cell, 

such as a decrease in inflammation and acceleration in 

wound healing (5). Diode lasers and LEDs are 

generally used in photobiomodulation therapy. 

Generally, devices with wavelengths between 600-

1000 nm are preferred, and energy density varies from 

5 mW/cm
2
 to 5 W/cm

2
. The limits of 

photobiomodulation in dentistry have not been fully 

drawn compared to the treatment of skeletal and 

muscle diseases, but most current studies address this 

field (5).  

Many effects of photobiomodulation therapy are 

explained by the absorption of light by the 

mitochondria. Cells can contain thousands of 

mitochondria, which take part in the cell's energy 

synthesis. In addition, mitochondria synthesize nitric 

oxide in ischemic cells. Nitric oxide binds to 

cytochrome-c oxidase (the terminal enzyme in the 

electron transport chain) to prevent oxygen from 

binding. Thus, it both reduces energy synthesis and 

increases oxidative stress. Increased oxidative stress 

also causes activation of NF-κB, which is one of the 

important keys of the inflammatory state (7). However, 

while all these cellular changes occur, another issue 

that is the subject of research is the photothermal effect 

of laser (8).  

In clinical studies in the fields of periodontology 

and implantology, lasers are usually applied on gingiva 

or inside the periodontal pocket(9,10); however, the 

extent to which the temperature increases during these 

applications in the alveolar bone is unclear in gingival 

simulation models. Moreover, Eriksson et al. showed 

that a change in temperature above the threshold of 

10°C in the alveolar bone causes bone injury and 

endangers its regeneration (11,12). The purpose of this 

pilot study was to evaluate the photothermal effect of a 

980-nm diode laser applied at different powers and 

durations using an in vitro gingival simulation with 

different hemoglobin densities. 

 

Materıal and Methods 

 

Preparation 

To create the main structure, a 3-cm diameter 

prefabricated prepared teflon was used as a mold. The 

mold was filled with a condensation silicone 

impression material (Optosil Xantoprene, Heraeus 

Kulzer Germany), and a thermocouple (305 handheld    

thermometer) probe (J type 1 mm diameter) was 

placed in the center. During this filling, a negative 

space was created using a piece of cardboard 

material with an area of 1x1 cm
2
 and depth of 2 

mm. During the laser application, a Collprotect® 

native collagen membrane (Straumann, Botiss 

Biomaterials, Zossen, Germany) was adjusted in the 

specified dimensions (1x1 cm
2
) to simulate the 

gingiva (Figure 1A, 1B, 1C).  

 

Laser application 

 

Laser application was conducted using a 980-

nm GaAlAs diode laser (CHEESETM, GIGAA 

Laser, Wuhan Gigaa Optronics Technology Co., 

Ltd., China) and low laser therapy application tip 

(Therapy handpiece, Wuhan Gigaa Optronics 

Technology Co., Ltd., China) on a collagen 

membrane. The tip was placed at its standard 

distance by adjusting the spot diameter to 1 cm. The 

laser powers were 0.4W, 0.6W, 0.8W, 1W, 1.5W, 

2W, 3W, 4W, 5W, and 6W, respectively, in both a 

continuous wave (CW) and pulsed wave (PW) 

(500ms stop, 500ms irradiation) mode for 60 

seconds at an adjusted distance of 1 cm from the 

membrane. Each laser application was performed 

while the membrane was dry, while the membrane 

absorbed 0.05 cc of blood, and while it absorbed 0.1 

cc of blood. Peripheral venous blood applied to the 

membrane was obtained from the author (H.G.). In 

addition, the membrane was replaced after each 

laser application (Figure 1D, 1E). 

 

 
 Figure 1: A: Experimental tools and laser,  

 B: Placement of thermocouple tip,  

C: Placement of the collagen membrane in to 

impression material,  

 D: Application of blood,  

 E: Application of laser. 
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Assessment of temperature change 
 

Temperature changes were detected on the digital 

thermometer screen before the laser application and 

after 60 seconds of exposure. The temperature 

difference was calculated, and the temperature change 

for each application was recorded with Microsoft Excel 

(Microsoft, Office 365, Redmond, WA, USA). Tables 

and graphics were also created with Microsoft Excel. 

 

    Results 

 

Temperature changes and applied doses are are 

summarized in Table 1 and Figures 2 and 3, 

respectively. Temperature changes were between 0 and 

2.5
°
C. The highest temperature change occurred with a 

6W CW on the 0.1 cc bloody membrane. With a 

doubling of the blood density, a temperature changes 1-

2.5 times greater than the initial temperature was 

observed at different doses, with the highest 

temperature occurring with the 1W pulsed wave. The 

critical threshold of 10
°
C was not exceeded under any 

doses or conditions. 

 

 Table 1: Temperature differences at different laser 

dose. 

Temperature 

differences 

No 

blood 
0,05cc  0,1cc  

0,4W 
CW 0 0,1 0,2 

PW 0 0,1 0,1 

0,6W 
CW 0,1 0,3 0,4 

PW 0,1 0,1 0,2 

0,8W 
CW 0,2 0,3 0,6 

PW 0,1 0,2 0,2 

1W 
CW 0,2 0,5 0,7 

PW 0,1 0,2 0,5 

1,5W 
CW 0,2 0,7 0,9 

PW 0,2 0,4 0,5 

2W 
CW 0,3 1,1 1,4 

PW 0,3 0,4 0,6 

3W 
CW 0,5 1,5 1,7 

PW 0,4 0,7 0,9 

4W 
CW 0,6 1,9 2 

PW 0,5 0,8 1,1 

5W 
CW 0,8 2 2,2 

PW 0,6 0,7 1,1 

6W 
CW 0,9 2,3 2,5 

PW 0,8 0,9 1,3 

      

W: watt, CW; continuous wave, PW; pulsed wave. 

 

Figure 2: Temperature change graph in CW 

Figure 3: Temperature change graph in PW 

 

Discussion 

 

Studies on photobiomodulation are primarily 

animal studies or conducted in vitro. In vitro studies 

have been used to examine the effects of 

photobiomodulation applications and various laser 

doses on human periodontal tissues; laser 

application has been emphasized to have a positive 

effect on cell proliferation in gingival fibroblasts 

(13). However, studies on oral tissues have 

generally been on the proliferative effects of 

different doses. Although the photothermal effect of 

lasers is mentioned in studies in the field of 

dermatology (14), there are no in vitro studies 

regarding oral tissue simulation methods. Our study 

is one of the first studies showing gingival 

simulation in this context. In addition, according to 

the results of our study, it can be said that the 

temperature differences occurring in this in vitro 

model depended on the laser dose and hemoglobin 

density but did not exceed the critical threshold 

(10
°
C). 
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The recently published studies of Barros et al. 

emphasized that the color and thickness of skin affects 

the transmittance and reflectance of the laser light, and 

it was stated that the texture properties are important 

for laser dose and parameter selection (14). According 

to the results of the present study, it is not possible to 

say whether tissue thickness has an effect, and it can be 

counted among the limitations of this study. However, 

it can be said that the increase in blood density and 

hemoglobin density is associated with temperature 

increases. Eriksson et al. stated that a 10
°
C temperature 

change occurring in the bone can lead to necrosis in 

bone tissue (11); however, the results of our study 

determined that the 980-nm diode laser applied at 

different watts for 60s showed a maximum increase of 

2.5
°
C, which is below the critical threshold. Moreover, 

although membrane was as close to the thermocouple 

type membrane as possible, it was estimated that there 

is little heat loss. In photobiomodulation treatments, 

J/cm
2 
is used instead of W as the basic dose-related unit 

(9). W used in present study because it could be easily 

converted to J/cm
2
. 

In laser research, animal specimens are used more 

frequently than gingival modeling (15); however, in 

such studies, the temperature changes of the laser 

applied to an inorganic material, such as a dental 

implant in bone and close tissues, are tested. Studies 

with animal samples can mimic tissues such as human 

bones and teeth (16), but they are expected to have a 

similar blood composition to mimic soft tissues such as 

gingival. As such, in our study, human blood was 

combined with a bovine collagen membrane. In 

addition, this combination is often used in guided bone 

regeneration treatments in the field of periodontology. 

In this study, a novel approach was undertaken to 

simulate gingival tissue in an in vitro setting. Utilizing 

a prefabricated teflon mold, filled with a condensation 

silicone impression material, alongside a collagen 

membrane to mimic the gingiva, provided a controlled 

environment for laser application. The inclusion of a 

thermocouple probe allowed for precise temperature 

monitoring during laser exposure. In this study, the 

collagen membrane was primarily employed for its 

ability to absorb blood and secondarily for its 

standardized thickness, mimicking physiological tissue. 

The inclusion of both continuous and pulsed modes in 

laser application holds clinical significance. Thus, to 

emulate clinical practice, both modes were employed in 

the study. 

Laser application, performed using a 980-nm 

GaAlAs diode laser, was systematically conducted at 

varying power levels and modes on the collagen            

membrane. Notably, the study explored the effects 

of different blood densities, simulating 

physiological conditions encountered during 

clinical procedures. Temperature changes were 

measured and recorded meticulously, showcasing 

the impact of laser dose and hemoglobin density on 

thermal responses. Comparative analysis with 

existing literature underscored the novelty of this 

research, particularly in the context of oral tissue 

simulation. While previous studies predominantly 

focused on animal models or in vitro assessments 

without tissue simulation, this study provided 

valuable insights into the photothermal effects of 

lasers on simulated gingival tissue. The findings 

indicated that temperature variations remained 

below the critical threshold, suggesting safety 

within the parameters tested. Furthermore, 

limitations such as the influence of tissue thickness 

on laser effects were acknowledged, providing 

avenues for future research refinement. 

 

Conclusions 
 

In summary, our study is among the first to 

explore gingival simulation in the context of 

photobiomodulation. We investigated the impact of 

laser dose and hemoglobin density on temperature 

changes in an in vitro model, finding that the 980-

nm diode laser, applied at different watts for 60 

seconds, resulted in a maximum temperature 

increase of 2.5°C, below the critical threshold of 

10°C. 

While our study did not specifically address 

the potential influence of tissue thickness on the 

observed effects, we did establish a correlation 

between increased blood density and hemoglobin 

density with temperature increases. Our unique 

approach involved combining human blood with a 

bovine collagen membrane, commonly used in 

guided bone regeneration treatments in 

periodontology. 

Our findings contribute valuable insights into 

the temperature dynamics associated with different 

laser doses on human oral tissues. By offering a 

novel perspective on gingival simulation and its 

relevance to photobiomodulation, our study may 

inform future research and clinical applications in 

periodontology. 
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