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Original Article
The effect of low‑level laser 810  nm and light‑emitting diode 
photobiomodulation  (626  nm) on the stability of the implant and 
inflammatory markers interleukin‑1 beta and prostaglandin E2, 
around implants
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ABSTRACT

Background: One of the most common problems in edentulous patients is the low stability of lower 
dentures. The most effective method to overcome this problem is implant‑supported overdentures. 
After placing an implant, for the process of osseointegration to be complete and successful, it is 
better that patients do not use their denture for few months. This may be nonconvenient for patient 
because they are unable to speak and eat properly. The aim of this study was to evaluate the effect 
of low level laser (LLL) and light‑emitting diode (LED) photobiomodulation on implant stability as 
well as their effect on interleukin‑1 beta (IL‑1β) and prostaglandin E2 (PGE2) biomarkers around 
implant in lower anterior region (over denture).
Materials and Methods: In this clinical trial, 36 implants were placed in fully edentulous 
mandibles (12 people per person ‑ three implants in areas of midline and canine). Each of the implants 
was randomly placed in one of three groups of laser, LED, and control. LLL (power of 50 mw and 
the amount of 20 J/cm2 for each implant) and LED with dose (20 mw/cm2) were irradiated on the 
day of surgery (zero), 3, 7, 10, and 14 days. The stability of implants was measured on the day of 
surgery and weeks 3, 4, and 8 after surgery with Periotest. The inflammatory biomarkers of IL‑1β 
and PGE2 were also collected from gingival crevicular fluid around implants in 4 and 8 weeks. The 
collected data were analyzed by ANOVA statistical tests.pvalue<0.05 considered significant
Results: The amounts of Periotest significantly increased 3rd week after surgery in the control 
group (P < 0.001). However, the laser group and LED group were associated with minimal changes, 
which indicates lower stability of implant in 3rd week in control group but no changes in stability 
of test groups (laser and LED). Laser and LED had no effect on the level of IL‑1β and PGE2 in 4 
and 8 weeks.
Conclusion: The use of LLL or LED has a positive effect on the stability of the implants 3 weeks 
after surgery.
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INTRODUCTION

After surgical phase of implant placement, it usually 
needs few months before prosthetic loading. This 
period is for the “Osseointegration process” to be 
completed. In this regard, it is recommended to 
patients not to wear any temporary prostheses, which 
may interfere with the process of osseointegration. 
This transitional period of edentulism causes 
nutritional and verbal problems, which are unpleasant 
and unacceptable for many patients. In this regard, 
immediate loading of dental implants has been 
recommended; however, the success of this method is 
subject to certain conditions. One of the main issues 
for immediate loading is some measures to improve 
bone to implant contact (BIC) in early healing periods.

The use of light‑emitting diode photobiomodulation 
(LED PBM) light source and low‑level laser  (LLL) 
has been suggested with the aim to accelerate the 
osseointegration and BIC.[1‑5]

The mechanism of action of LED and LLL is based 
on energy photon irradiation by light in the far red 
to near‑infrared  (NIR) spectrum  (630–1000  nm) 
using low energy lasers or LEDs. In general, all cell 
metabolisms are controlled through the redox state of 
the cell. Cellular response to the energy of photons 
stimulated by light varies according to the redox 
quality. The response is low in normal or near the 
normal states, while the response is higher in cases 
of transfer to tendency toward the reduction. Normal 
cells show lower reaction to the energy of photons 
stimulated by light, which is of the advantages of 
these photons. In this method, the photons’ energy is 
absorbed by the cells and stimulates them, which is 
called “PBM”. According to a review of the literature, 
LLL and LED application could have additional 
benefits on bone healing process following implant 
therapy.[6‑11] When an implant is inserted into the 
bone, blood cells come into contact with the implant 
surface, and blood monocytes secrete cytokines, 
growth factor, and prostaglandins.[12] These mediators, 
especially interleukin‑1 beta  (IL‑1β)[13‑18] and 
prostaglandin E2  (PGE2),[19‑22] can be detected in the 
peri‑implant crevicular fluid, and therefore, this fluid 
might be useful for evaluating the phases of healing.

The aim of the present study was to evaluate the effect 
of LLL and LED PBM on implant stability (measured 
by Periotest), acceleration of osseointegration process, 
and their possible effects on BIC. The possible effects of 
LED and LLL on IL‑1β and PGE2 biomarkers around 

implant were also evaluated in patients with implants 
placed in the lower anterior region (over denture).

MATERIALS AND METHODS

This randomized controlled clinical trial was 
conducted by “Split Mouth” method on patients 
referred to the Periodontics unit, School of Dentistry, 
Isfahan Islamic Azad University  (Khorasgan Branch). 
The inclusion criteria were Type II or III bone quality 
based on Lekholm and Zarb classification, sufficient 
amount of bone  (no need for augmentation), at least 
6  months passed of any tooth extraction, good oral 
hygiene, and nonsmoker. The exclusion criteria were 
systemic diseases including diabetes, cardiovascular 
diseases, hormonal disorders, blood disorders, 
history of jaundice, kidney failure, asthma, allergies, 
cancer, weakened immune system, pregnancy and 
lactation, history of using bisphosphonates, history 
of radiotherapy of head and neck in past 2  years, 
history of chemotherapy, and administration of 
immunosuppressive agents.

Three DIO implants (invasive fungal 
infections‑tissue level) with resorbable blast media 
surface, made in Korea, with the same diameter 
and length were placed in the mandible  (one in the 
midline and the other two at the left and right canine 
teeth positions). Using coin drawing, one implant was 
considered as control and other two were exposed to 
LED or laser radiation, respectively.

The LLL  (diode laser doctor smile 810  nm, Italy) 
was radiated in the relevant group on the days 
of surgery  (zero), 3, 7, 10, and 14 with the power 
of 50 mw and the amount of 20  J/cm2 for each 
implant by gently pressing on the buccal mucosa 
of the implant inside the mouth. Irradiation index 
information are as follows: 50 mW  =  0.05W 
W = J/cm2 × s 0.05 = 20/S S = 400 according to this 
formula for each of 20  J/cm2 with 50 mW, we apply 
400 s. Laser irradiation applied from buccal aspect. 
Time: 400 s, power density 50 mW, laser diameter: 
1 cm2 (fiber 400 and apply low level head with 1 cm2 
surface according). Beam shape around laser type 
was a continuous wave.

The LED PBM radiation  (OsseopulseTM AR 300, 
Biolux Research, Vancouver, British Columbia, 
Canada) was carried out at a dose of 20 mw/cm2 
on the days of surgery  (zero), 3, 7, 10, and 14, each 
time for 20  min, on the skin of the other implants 
outside of the mouth  (During LED radiation, the 
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other two implants were protected by aluminum foil 
covering them from inside the mouth). The LED 
devise type and information are as follows: the LED 
device  (Osseopuise TMAR 300, Biolux Research 
Vancouver, British Columbia, Canada) at the 
wavelength of 626 nm in the NIR region was applied 
for 20  min over the surgical area after suturing the 
flap. The treatment parameters were as follows: 
treatment array area: 4.80 cm2, average intensity: 
38.5  mW/cm2, total power: 185 mW, total energy: 
222 J, and average density: 46.2 J/cm2.

The led device had eight emitters with a power 
of 23.125 mW each. The LED device consisted 
of a headset that was adjusted on the patient face. 
A  3‑point contact on the ears and nose was provided 
for device stability.

The third implant was considered as control. The 
stability of the implants at the day of surgery, 3, 
4, and 8  weeks after surgery was evaluated with 
Periotest Device  (Gulden‑Medizinteknik, Bensheim 
an der Bergstrasse, Germany). For any implant, three 
Periotest measurements were performed at each time, 
and the mean was recorded.

The gingival crevicular fluid samples were also 
collected at weeks 4 and 8 by placing a paper point 
inside the peri‑implant sulcus for 30 s. Then, the 
samples were transferred into the tubes containing 
storage solution  (neutral tris‑buffered saline) and sent 
to the laboratory inside ice bag on the same day. The 
levels of IL‑1β and PGE2 markers were measured by 
ELISA method and Thermofisher Kit.

Data analysis was done using the SPSS version  22 
software (SPSS Inc. Chicago, IL, USA). The ANOVA 
test was used for quantitative variables within a 
group  (implant stability and levels of inflammatory 
markers), while the repeated measures were applied 
for intergroup quantitative variables. P  <  0.05 
considered significant

RESULTS

Table 1 and Figure 1 show that the mean of Periotest 
values significantly increased in the control group in 
the 3rd week compared to the surgery time, i.e., lowest 
implant stability  (P  <  0.001), while they were 
associated with minimal changes in the laser and 
LED PBM groups.

Furthermore, according to Figure  1 and Table  1, 
the stability of the implant is on the rise from week 

3 onward in all three groups, and this stability was 
always greater in the laser group than the other two 
groups. Comparing LED PBM group with control 
group, higher stability was reported on LED PBM 
group.

The IL1β and PGE2 values were compared in 
the 1st  and 2nd  month after surgery separately 
for laser, LED PBM, and control groups. First, 
Kolmogorov–Smirnov test was performed to examine 
the normality of data distribution in the 1st  month, 
based on which, their normality was not rejected. 
Then, using the ANOVA method for repeated data, 
the three methods were compared, according to 
which, as shown in Table 2, no significant differences 
were found between the methods  (P  =  0.0337). With 
such a result, there is no need to make pair‑wise 
comparisons, and the conclusion is perfect. However, 
those comparisons were made, and thus, the accuracy 
of the results was confirmed as well. According to 
Table 2, the IL1β values result in the 2nd month were 
also similar in all three groups.

Comparing calculations of IL‑1β and PGE2 in the 
1st month with the 2nd month, using ANOVA repeated 
measures with two methods and time variables, the 
data were analyzed simultaneously, which showed no 
significant difference between methods in the total of 
the two times (P = 0.765), but there was a significant 
difference between the two time periods  (P  < 0.001). 
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Figure  1: The mean of implant stability rate at four 
times (periotest).

Table 1: The mean periotest values at the time of 
surgery and weeks 3, 4, and 8
Periotest values Groups

Control Laser LED PBM
At the time of surgery −6.12 1.019 −5.52 1.380 −5.70 1.067
3 weeks −0.55 1.099 −5.77 1.090 −5.21 0.891
4 weeks −4.58 1.294 −5.98 1.052 −5.58 0.850
8 weeks −5.46 1.264 −6.68 1.159 −5.87 1.079

LED: Light‑emitting diodes; PBM: Photobiomodulation
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In other words, the amount of IL1β in the 2nd  month 
decreased in all groups compared to the 1st  month, 
which represents a reduction of inflammatory process 
over the time. Meanwhile, there was no interaction 
between the methods and materials  (P  =  0124). This 
suggests that  the changes in these three methods 
were the same at both times, occurring in the normal 
range (10–45 ng/ml).

DISCUSSION

The results of this study showed that application of 
LLL and LED PBM had positive effects on stability 
of implants placed on mandibular anterior region in 
subjects with fully edentulous lower jaw. Based on 
(S. Roghondro, M. Wood, T. D. Taylor) curve, there 
is a significant reduction of implant stability between 
3rd  and 4th  week after implant placement. This usual 
reduction of stability during 3rd  and 4th  week after 
implant placement was not observed in implants 
treated with laser and LED PBM.

The possible effect of laser is mainly on cellular level. 
It is known that light wavelength stimulates cellular 
energy metabolism by the activation of mitochondrial 
respiratory chain components. The light absorbed by 
cytochrome c oxidase, a photoacceptor molecule in 
the mitochondria, alters the cellular mechanism and 
causes an increased adenosine triphosphate production 
that results in improved wound healing in ischemic 
and wounded tissues.[23]

The results of this study on the stability of the implant 
are consistent with the studies by Lopes et  al.,[24] 
Mayer et  al.,[25] and Maluf et  al.[26] However, Lopez 
and Mayer conducted an animal study using the 
Osstell device. Maluf also did study on animal using 
the reverse torque method.

The results of this study are inconsistent with 
the clinical trial of García‑Morales et  al.[27] 
García‑Morales et  al. showed that laser has no 

positive effect on the stability of the implant in the 
3rd  week compared with the control group. Perhaps, 
the reasons for the differences in results are due to 
the settings of the laser dose. In García‑Morales 
et  al.’s[27] study, the 830  nm laser with a power of 
86 mw was radiated pointwise, 0.25 J at each spot 
for 3 s at 20 points around the implant area. The 
protocol is suggested for soft tissue wound healing, 
while in the process of stabilization, bone repair 
and osseointegration are considered. In this study, 
the 810  nm diode laser with a power of 50 mw 
and dosage of 20  J/cm was used. The reason for 
choosing this dose was based on the results of two 
separate animal histological studies conducted by 
Mayer et al.[6] as well as Gomes et al.[7] In addition, 
in Garcia study, the laser radiation was pointwise 
and in contact with the soft tissue, while in this 
study, contact was at a surface (an area of 1 cm2) by 
putting gentle pressure on the soft tissue. The reason 
for gentle pressure at the time of laser irradiation 
is due to the fact that the diode laser absorption in 
hemoglobin is high, and the hemoglobin in the blood 
vessels of soft tissue prevents the laser reaching to 
the bone, using gentle pressure, through temporary 
closing of vessels, will remove or reduce the 
hemoglobin in the blood vessels of soft tissues.

Considering the impact of LED on the implant 
stability, the results of this study are consistent with 
Gokmenoglu et al.’s studies.[1]

Regarding the inflammatory factors, there was a 
significant reduction of both PGE2 and IL1B after 
2  months. This is natural phenomenon due to the 
reduction of inflammatory processes while healing 
is completed. However, LLL and LED had no 
impact on the level of these inflammatory markers at 
different time interval compare to control group. The 
results of this study are consistent with the studies 
by de Jesus et al.[28] and Gokmenoglu et al.,[1] which 
indicates that the laser radiation and LED have 
no effect on the inflammatory factors. Based on 
the studies by Yaghobee et  al.[29] and Aboyoussef 
et  al.,[30] the effect of laser on these factors may 
be considered effective in real infectious situations 
such as peri‑implantitis and not natural healing 
phenomenon of inflammation.

CONCLUSION

LLL had a positive effect on the stability of implants 
at 3–4‑week time after implant placement.

Table 2: Interleukin‑1 beta and prostaglandin E2 
values in the 1st and 2nd months
Groups markers Mean±SD (ng/ml)

Control Laser LED PBM
IL1β 1st month 65.01±2.92 63.38±2.14 64.61±2.91
IL1β 2nd month 23.50±2.58 24.57±2.49 24.70±2.55
PGE2 1st month 24.31±2.641 23.85±2.407 24.38±2.645
PGE2 2nd month 14.05±2.438 14.52±2.052 14.41±2.048

LED: Light emitting diodes; PBM: Photobiomodulation; SD: Standard deviation; 
IL1β: Interleukin‑1 beta; PGE2: Prostaglandin E2
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