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ABSTRACT
Background: Endo-perio lesions are clinical manifestations of inflammation in the periodontal and pulp tissue. Damage to the 
periodontal ligament can inhibit its ability to regenerate. Therefore, laser therapy use is expected to improve the prognosis with regard 
to healing lesions. Unfortunately, the duration of irradiation during laser diode therapy can influence the viability and proliferation 
of human periodontal ligament fibroblast (hPDLF) cells. Purpose: This study aims to determine the effects of different irradiation 
exposure times of the 650 nm laser diode of the pulsed mode type on the viability and proliferation of human periodontal ligament 
fibroblast cells. Methods: This study constituted a laboratory experiment on hPDLF cells using 650 nm laser diode irradiation. Six 
groups formed the research subjects in this study, namely; two control groups, two radiation groups respectively subjected to irradiation 
exposure of 15 seconds and 35 seconds duration followed by 24-hour incubation, and two radiation groups exposed to irradiation for 
15 and 35 seconds respectively followed by 72-hour incubation period. The viability and proliferation of those cells were subsequently 
calculated by ELISA reader, while the data was analyzed by means of one-way ANOVA and Tukey tests. Results: The significance value 
of the viability scores between the 15-second irradiation group and the 35-second irradiation group was less than 0.05, indicating that 
there was a significant difference between these treatment groups. Similarly, the significance value of proliferation scores between the 
15-second irradiation group and the 35-second irradiation group was less than 0.05, again indicating a significant difference between 
these treatment groups. Conclusion: Irradiation using a 650 nm laser diode 15 seconds and 35 seconds in duration can induce an 
increase in the viability and proliferation of hPDLF cells.
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INTRODUCTION

Periodontal tissue and dental pulp actually have a very close 
relationship since they are derived from ectomesenchymal 
tissue. Endo-perio lesions are clinical manifestations of 
inflammation that occur due to the relationship between 
periodontal and pulp tissues.1 Moreover, endo-perio 
lesions  can undergo root canal treatment.2 Unsuccessful 
conventional root canal treatment is usually due to complex 
root canal anatomy rendering the removal of all healthy 
pulp tissue and bacterial residue difficult.3 Since damage 
to the periodontal ligament limits its regenerative ability, 

root canal treatment and laser therapy can improve the 
prognosis of the lesion healing process.4

Progenitor cells are identified in periodontal structures 
including periodontal ligaments. These cells can differentiate 
into fibroblasts, osteoblasts, and cementoblasts which play 
a crucial role in healing periodontal tissue.5 As dominant 
cells, fibroblasts are found in connective tissue where 
they secrete collagen fibers and extracellular substances. 
Fibroblast cells can also be used to see viability and 
proliferation.

Human primary fibroblasts derived from periodontal 
ligaments also play an important role in the development, 
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functioning, and regeneration of periodontal tissue.6,7 
Human periodontal ligament fibroblasts (hPDLF) are the 
main cell types in the tooth-supporting tissue. Fibroblasts, 
the most common connective tissue cells found in the pulp 
and periodontal ligaments, produce collagen fibers that 
actively participate in the healing process.8 Fibroblasts 
also function as defense cells because of their capacity to 
differentiate into odontoblasts and osteoblasts during the 
healing process. The ability of fibroblast cells to develop 
rapidly into wound tissue or survive independently accounts 
for the ease with which they can be cultured for use in 
biological research.9

Light amplification by stimulated emission of radiation 
(LASER) is a device that produces coherent electromagnetic 
radiation that has been employed in the field of dentistry 
since 1960.10 Lasers are known to induce biphasic dose 
responses (BDR), namely; biostimulation and bioinhibition 
responses.11 This effect is related to an increase in adenosine 
triphosphate (ATP) in the mitochondria that produce 
deoxyribonucleic acid (DNA) and ribose nucleic acid 
(RNA) and whose synthesis increases after laser diode 
irradiation. This increase can cause cellular responses to 
injury through the production of proteins associated with 
repair and healing processes.12

Low-level lasers operate within several parameters, 
including: wavelength, energy source, energy density 
(fluence), potential density (irradiance), irradiation time, 
and laser light emission area. A previous study stated that 
laser light plays a role in increasing fibroblast proliferation.13 

Furthermore, the wavelength of red light emitting diodes 
(LEDs) light is 600-700 nm. The wavelength of laser 
therapy is known to have an influence on cell culture, 
with one previous study even stating that wavelengths of 
600-700 nm can stimulate an increase in cell proliferation 
and differentiation.5 Another investigation using low-level 
laser therapy (LLLT) at a wavelength of 650 nm argued 
that the light of photons received by a cell chromophore 
can serve to regenerate tissue, reduce inflammation, and 
reduce pain.14 Similarly, a proliferation test on fibroblast 
cells in periodontal ligaments with irradiation times of 16 
seconds and 33 seconds reportedly produced an increase 
in the number of fibroblast cells.5

In addition, laser irradiation is divided into two types, 
namely; continuous mode and pulsed mode. The latter 
has the advantage that a delay in the irradiation time of 
the “quench period” causes a decrease in temperature on 
the surface of the tissue during laser exposure. The use of 
pulsed mode also allows higher energy consumption than 
the use of continuous mode.15

Consequently, this study aims to determine the effects 
of irradiation by a 650 nm laser diode using pulsed modes 
of 15 seconds and 35 seconds’ duration on the viability 
and proliferation of hPDLF cells. The significance of this 
study is to determine the method and irradiation time of 
laser diode therapy at a wavelength of 650 nm in root canal 
treatment in order to achieve optimal improvement in the 
treatment of periapical lesions.

MATERIALS AND METHODS 

The hPDLF cell culture was produced at the Integrated 
Research and Testing Laboratory, Universitas Gadjah 
Mada, Yogyakarta. This study was approved by the Faculty 
of Dentistry, Airlangga University through the issuing of 
Ethical Clearence Certificate No. 135/HRECC.FODM/
IV/2019. The production of the hPDLF cell culture was 
subsequently approved by patients who had undergone 
dental extraction for orthodontic reasons at Professor 
Soedomo Dental and Oral Hospital, Yogyakarta.

Following initiation of the cell harvesting phase, the 
first maxillary premolar extracted was inserted into a 10ml 
tube containing 10% Dulbecco’s Modified Eagle’s Medium 
(DMEM, D16171, Sigma-Aldrich Pte. Ltd, Singapore) to 
which 0.5µg/ml Fungizone (Amphotericin B, GibcoTM 
Fungizone Antimycotic, Fisher Scientific GSA) and 
Penstrep 2% (GibcoTM Streptomicin, Fisher Scientific 
GSA) was added.16 These teeth were removed from the tube, 
washed three times with buffered saline phosphate (PBS, 
P7059 Sigma-Aldrich Pte. Ltd, Singapore) and placed on 
a petri dish containing a fetal bovine serum medium (FBS 
10%, F4135, Sigma-Aldrich Pte. Ltd, Singapore). The teeth 
were subsequently scalped in the 1/3 apical section, placed 
on a small petri dish covered with a sterile glass deck, added 
to a complete medium of 3ml of DMEM 10%, and placed 
in a large petri dish to be incubated in a CO2 incubator 
(MEMMERT, INC108Med, Germany). The medium in 
the petri dish was removed and replaced once every three 
days.17 The cells were observed until 80% confluent had 
been achieved, the periodontal tissues were then removed, 
and the medium was washed with PBS.18

During the secondary culture stage, 2ml of trypsin-
EDTA 0.25% (SM-2003-C Sigma-Aldrich Pte. Ltd, 
Singapore) was added to the medium. If the cells appeared 
to have been released, the medium would be deposited 
by pipette into a 5ml tube. Centrifuging was carried out 
for ten minutes at a speed of 1500 rpm at which point the 
supernatant was discarded and 1ml of complete medium 
of DMEM 10% was added until it was homogenized. 
The cells were then placed in several petri dishes and 
incubated in a CO2 incubator. The medium was discarded 
and replaced with new medium once every three days. 
During subsequent observation under a microscope, if cell 
confluent reached 80%, calculation of the number of cells 
would be undertaken.18

During the cell treatment stage, the cells were divided 
into 96 well plates. 100 µl of cell suspension at a density of 
2 x 104 cells/well was added to each plate and allowed to 
stand for two hours. The laser diode light (FNRdentolaser 
650 nm) was then irradiated for 15 seconds and 35 seconds 
at a distance of 1 cm withan output power of 20 mW.5 In 
this study, three research groups were formed for viability, 
namely; a control group, a 15-second irradiation group 
(incubated for 24 hours) and a 35-second irradiation group 
(incubated for 24 hours). There were also three research 
groups for proliferation, namely; a control group, a 15-
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second irradiation group (incubated for 72 hours), and a 
35-second irradiation group (incubated for 72 hours).

These cells were incubated in a CO2 incubator for four 
hours in order that they were reattached after harvest. 
Four hours later, observations were carried out under a 
microscope and photographs were taken. The medium on 
the plate was then discarded by means of a pipette. 100µl of 
PBS was added to all well cells before itself being disposed 
of. At this point, complete media was added to each plate 
containing cells and incubated in a CO2 incubator with a 
CO2 level of 5% at a temperature of 37˚ C and a humidity 
level of 98% for a period of 24 hours (for the purposes 
of viability) and another period of 72 hours (to induce 
proliferation).

Observation was conducted under a microscope 
and photographs taken to determine the viability and 
proliferation of hPDLF cells. The cell complete culture 
medium was removed and washed with PBS which was then 
disposed of. 100µl of MTT was added [5 mg MTT (CT01-5 
Sigma-Aldrich Pte. Ltd, Singapore) to each well, together 
with 1ml of PBS and 9ml of complete DMEM medium. 
It was then incubated for four hours until formazan was 
formed. 100µl SDS of 10% stopper solution (RABSTOP1 
Sigma-Aldrich Pte. Ltd, Singapore) was added to 0.01 
NHCl (Titripur® Sigma-Aldreich Pte. LTD, Singapore) 
in each well and incubated overnight.18

Finally, the number of hPDLF cells was calculated with 
Elisa Reader (Reader Type: Model 680 XR, Benchmark) 
at a wavelength of 550nm and a temperature of 25.1°C 
using Endpoint (fast read) reading type with a mix time of 
0 sec. The six plates were alternately inserted into the Elisa 
Reader, in other words; plates 1-3 for viability (flat-shaped 

cells with oval nuclei) and plates 4-6 for proliferation (large, 
flat-branched cells). The living hPDLF cells were colored 
purplish blue, in contrast to the dead cells which did not 
display this color. The data was subsequently analyzed 
statistically with one-way ANOVA and Brown-Forsythe 
tests to compare more than two groups. The data was also 
subjected to analysis by a Tukey HSD test in order to 
compare all treatment group pairs. The statistical analysis 
undertaken employed SPSS version 20 (IBM, Armonk, 
New York, USA) statistical software.

RESULTS

The results of a Brown-Forsythe test, as illustrated by Table 
1, showed a significant difference in the average viability 
scores of the 15-second irradiation group and the 35-
second irradiation group with a p-value of <0.05. Similarly, 
based on the ANOVA test results, as shown in Table 1, a 
significant difference existed in the average proliferation 
scores between the 15-second irradiation group and the 35-
second irradiation group with a p-value of <0.05. 

Moreover, the Tukey HSD test results, as shown in 
Table 2, indicated a significant difference in the average 
viability scores between the 15-second irradiation group 
and the 35-second irradiation group with a p-value of 
<0.05. Similarly, as shown in Table 2, according to the 
Tukey HSD test results, there was a significant difference 
in the average proliferation scores between the 15-second 
irradiation group and the 35-second irradiation group with 
a p-value of <0.05.

Table 1. The mean and standard deviation scores of the viability and proliferation of hPDLF (OD) cells

Treatment n
x ± SD

P
Viability Proliferation

Control 5 0.712 ± 0.013 0.699 ± 0.009

P 15’ 5 0.822 ± 0.03 0.815 ± 0.019 0.000 < 0.05

P 35’ 5 0.936 ± 0.009 0.921 ± 0.02 0.000 < 0.05

Note: x = Mean, P = Probability, SD = Standard Deviation, P15’= 15 second irradiation, n = Replication, P35’= 35 second 
irradiation

Table 2. The results of Tukey HSD test of the viability and proliferation of hPDLF Cells

(l) Treatment groups (J) Treatment groups
P

Viability Proliferation

Control
P 15’
P 35’

0.000
0.000

0.000
0.000

P 15’
Control
P 35’

0.000
0.000

0.000
0.000

P 35’
Control
P 15’

0.000
0.000

0.000
0.000
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DISCUSSION

In this research, hPDLF cells were employed since in 
several previous studies the use of such cells produced 
significant results. In addition to fibroblast cells, osteoblast 
cells were also involved in bone formation and regulation. 
In a previous study, a 940 nm laser diode used on osteoblast 
cells was shown to be capable of triggering the release of 
autocrine factors, such as TGF-β1 in response to irradiation, 
but the results were insignificant.19

Furthermore, the viability of hPDLF cells indicated their 
number living in a culture medium, where viability after 
irradiation with a 570 nm low-level laser was observed at 
six hours and 24 hours.13 Low-level laser therapy (LLLT) 
on stem cells from human exfoliated deciduous teeth 
(SHED) at a wavelength of 660nm generated the highest 
cell viability 24 hours after irradiation. On the other hand, 
the proliferation of hPDLF cells indicated the number of 
such cells that grow and divide in a culture medium. LLLT 
at a wavelength of 660 nm on SHED teeth generated the 
highest cell proliferation which occurred 72 hours after 
irradiation.20

A previous study of a fibroblast cell proliferation test 
conducted on periodontal ligaments with irradiation times 
of 16 seconds and 33 seconds and a wavelength of 660 nm 
showed a significant increase in the number of fibroblast 
cells.5 Another previous study using low-level laser diode (λ 
= 680) suggested that diode lasers be used as an alternative 
to biomodulation. This effect is related to the increase in 
ATP in the mitochondria which causes an increase in DNA 
and RNA synthesis after irradiation with a laser diode. This 
increase can cause cellular responses to injury through the 
production of proteins associated with processes of repair 
and healing.12

In addition, pulsed mode has the advantage of there 
being a delay in irradiation time during the “quench period” 
which causes a decrease in the surface temperature of the 
tissue during laser exposure. Moreover, six out of nine 
previous studies using LLLT show that the use of pulsed 
mode is more effective than continuous mode.15 The laser 
light power dose per laser area (density, unit J/ cm2) is the 
total laser power (laser power multiplied by the length of 
exposure time) divided by the total area of the laser. This 
determines the duration of the laser light exposure which 
is adjusted to the power dose and the quantum yield.21 
Therefore, this study employed the pulsed mode irradiation 
method.

A previous study using 650nm LLLT argued that  
released photon light can be absorbed by the cell 
chromophore to regenerate tissue, reduce inflammation, 
and ease pain.14 Low-level lasers at a wavelength of 650nm 
are also used in the treatment of oral-facial pain, such as 
mucositis pain.22 Therefore, this study employed a 650nm 
laser diode light.

In conclusion, the results for 650nm laser diode 
light showed that 35-second irradiation produced higher 
scores for viability and proliferation caused by the energy 

absorbed by the cells which is sufficient to stimulate their 
biological activity. Laser light exposed to hPDLF cells 
can trigger absorption of laser-emitted photons by the cell 
chromophore. Conversely, a biostimulation response ensues 
due to accelerated electron transport reactions which can, 
in turn, cause an increase in ATP production. Increasing 
ATP synthesis in mitochondria then accelerates the speed 
of cell mitosis. The effects of laser biostimulation can 
increase the secretion of growth factors, such as TGF-β, 
which are responsible for inducing collagen synthesis from 
fibroblasts. TGF-β is involved in cell proliferation, which 
can extend the lifespan of fibroblast cells.10 In conclusion, 
irradiation using a 650nm laser diode with irradiation times 
of 15 seconds and 35 seconds can cause an increase in 
hPDLF cell viability and proliferation.

REFERENCES

 1.  Kumar R, Patil S, Hoshing U, Medha A, Mahaparale R. Non-surgical 
endodontic management of the combined endo-perio lesion. Int J 
Dent Cl. 2011; 3(2): 82–4. 

 2.  Hegde MN, Bhat R, Shetty P. Semiconductor diode laser in 
disinfection of the root canal system in endodontics. Endodontology. 
2015; 27(2): 158–61. 

 3.  Siqueira Junior JF, Rôças I das N, Marceliano-Alves MF, Pérez AR, 
Ricucci D. Unprepared root canal surface areas: Causes, clinical 
implications, and therapeutic strategies. Braz Oral Res. 2018; 32: 
1–19. 

 4.  Asnaashari M, Asnaashari N. Clinical application of 810nm diode 
laser and low level laser therapy for treating an endodontic problem 
a case presentation. J Lasers Med Sci. 2011; 2(2): 82–6. 

 5.  Soares DM, Ginani F, Henriques ÁG, Barboza CAG. Effects of laser 
therapy on the proliferation of human periodontal ligament stem 
cells. Lasers Med Sci. 2015; 30(3): 1171–4. 

 6.  Souto-Lopes M, Azevedo Á, Teixeira A, Bastos-Aires D, Lordelo J, 
Pérez-Mongiovi D. Cytotoxicity of acrylic based resin compounds 
in a human gingival fibroblast cell line. Rev Port Estomatol Med 
Dent e Cir Maxilofac. 2013; 54(2): 87–90. 

 7.  Ok E, Adanir N, Hakki S. Comparison of cytotoxicity of various 
concentrations origanum extract solution with 2% chlorhexidine 
gluconate and 5.25% sodium hypochlorite. Eur J Dent. 2015; 9(1): 
6–10. 

 8.  Mescher AL. Junqueira’s basic histology. 14th ed. USA: McGraw-
Hill; 2015. p. 96–100. 

 9.  Gutiérrez-Venegas G, Cardoso-Jiménez P. Lipoteichoic acid 
promotes nuclear accumulation of β-catenin via AKT in human 
gingival fibroblasts. Int Immunopharmacol. 2011; 11(9): 1278–84. 

10.  Saquib S, Jadhav V, Priyanka N, Perla N. Low-level laser therapy in 
dentistry: a review. Int J Contemp Dent Med Rev. 2014; 2014: 1–3. 

11.  Gagnon D, Gibson TWG, Singh A, zur Linden AR, Kazienko JE, 
LaMarre J. An in vitro method to test the safety and efficacy of low-
level laser therapy (LLLT) in the healing of a canine skin model. 
BMC Vet Res. 2016; 12: 1–10. 

12.  Ferriello V, Faria MR, Cavalcanti BN. The effects of low-level diode 
laser treatment and dental pulp-capping materials on the proliferation 
of L-929 fibroblasts. J Oral Sci. 2010; 52(1): 33–8. 

13.  De Souza LM, Rinco UGR, Aguiar DAT, De Almeida Junior LA, 
Cosme-Silva L, Oliveira TM, Teixeira Marques NC, Sakai VT. 
Effect of photobiomodulation on viability and proliferation of stem 
cells from exfoliated deciduous teeth under different nutritional 
conditions. Laser Phys. 2018; 28(2): 1–5. 

14.  Farivar S, Malekshahabi T, Shiari R. Biological effects of low level 
laser therapy. J Lasers Med Sci. 2014; 5(2): 58–62. 

15.  Hashmi JT, Huang YY, Sharma SK, Kurup DB, De Taboada L, 
Carroll JD, Hamblin MR. Effect of pulsing in low-level light therapy. 
Lasers Surg Med. 2010; 42(6): 450–66. 

Dental Journal (Majalah Kedokteran Gigi) p-ISSN: 1978-3728; e-ISSN: 2442-9740. Accredited No. 32a/E/KPT/2017. 
Open access under CC-BY-SA license. Available at http://e-journal.unair.ac.id/index.php/MKG
DOI: 10.20473/j.djmkg.v52.i3.p142–146

http://e-journal.unair.ac.id/index.php/MKG
http://dx.doi.org/10.20473/j.djmkg.v52.i3.p142-146


146 Ismiyatin, et al./Dent. J. (Majalah Kedokteran Gigi) 2019 September; 52(3): 142–146

16.  Freshney RI. Culture of animal cells: a manual of basic technique 
and specialized applications. 6th ed. New Jersey: John Wiley & 
Sons; 2010. p. 1–8. 

17.  Tucci-Viegas VM, Hochman B, Frana JP, Ferreira LM. Keloid explant 
culture: A model for keloid fibroblasts isolation and cultivation based 
on the biological differences of its specific regions. Int Wound J. 
2010; 7(5): 339–48. 

18.  Zare Jahromi M, Ranjbarian P, Shiravi S. Cytotoxicity evaluation of 
Iranian propolis and calcium hydroxide on dental pulp fibroblasts. 
J Dent Res Dent Clin Dent Prospects. 2014; 8(3): 130–3. 

19.  Illescas-Montes R, Melguizo-Rodríguez L, Manzano-Moreno FJ, 
García-Martínez O, Ruiz C, Ramos-Torrecillas J. Cultured human 
fibroblast biostimulation using a 940 nm diode laser. Materials 
(Basel). 2017; 10(7): 1–10. 

20.  Fernandes AP, Junqueira MDA, Marques NCT, Machado MAAM, 
Santos CF, Oliveira TM, Sakai VT. Effects of low-level laser therapy 
on stem cells from human exfoliated deciduous teeth. J Appl Oral 
Sci. 2016; 24(4): 332–7. 

21.  Astuti SD. An in-vitro antimicrobial effect of 405 nm laser diode 
combined with chlorophylls of Alfalfa (Medicago sativa L.) on 
Enterococcus faecalis. Dent J (Majalah Kedokt Gigi). 2018; 51(1): 
47–51. 

22.  Khalighi HR, Anbari F, Beygom Taheri J, Bakhtiari S, Namazi Z, 
Pouralibaba F. Effect of low-power laser on treatment of orofacial 
pain. J Dent Res Dent Clin Dent Prospects. 2010; 4(3): 75–758.

Dental Journal (Majalah Kedokteran Gigi) p-ISSN: 1978-3728; e-ISSN: 2442-9740. Accredited No. 32a/E/KPT/2017. 
Open access under CC-BY-SA license. Available at http://e-journal.unair.ac.id/index.php/MKG
DOI: 10.20473/j.djmkg.v52.i3.p142–146

http://e-journal.unair.ac.id/index.php/MKG
http://dx.doi.org/10.20473/j.djmkg.v52.i3.p142-146



