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Introduction

Periodontal surgery, oral surgery and orthodontic treatment can cause pain both during 
and after completion of the procedure. The management of pain is particularly critical in 
children and adolescents. Intraoperative dental pain can usually be removal by local anesthesia. 
Postoperative dental pain is largely ignored. Postoperative pain emerges from the activation 
of many passageways, transmission and mechanism process. One type of analgesic often fails 
to repress all these mechanisms, even when high dose is used [1]. although, treatment of pain, 
in general is a challenge, there is no reason to assume that pain treatment after surgery is 
not achievable. Several clinical studies investigated that photobiomodulation (PBM) effect to 
prevent pain or swelling after the third molars removal and surgical procedures as well as to 
reduce post-orthodontic pain, while some studies reported beneficial effects of PBM, others 
showed no [2] PBM it is a light therapy using low-level power lasers to improve wound repair 
and reduce postoperative pain, that utilizes non-ionizing forms of light origin, broadband 
light, in the visible and infrared spectrums [3]. There is a so-called optical window in tissue, 
known as the most depth of penetration in soft tissues through a laser beam, the wavelength is 
between 650 and 1200nm [4]. PBM can relieve pain and swelling after the surgical procedure, 
by making a positive effect on the immune response and stimulate lymphatic flow [5]. In 
addition to the ability of the PBM to stimulate blood circulation, which helps to increase the 
ability to absorb antibiotic in the body, the PBM has many features, including improvement 
and remodeling of collagen in the treatment of wounds [6].
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Abstract

If pain occurs during or after the dental therapy, here it also requires more consultation and discussion 
to explain the cause of the pain and its possible reversibility. Moreover, in most cases, the patient will 
consider his physician rather worse. All this leads to the fact that in daily routine practice a pain sensation 
during or after the dental treatments should be avoided as much as possible. Photobiomodulation 
therapies were initially used as a shape of therapy more than 25 years ago. However, their activity in 
reducing postoperative pain after dental procedure remains suspicious, for this reason, we aimed to 
determine the overall treatment effects of photobiomodulation on postoperative pain relief through 
reviewing the literature. In the database PubMed, a literature search was carried out for the period from 
2007 to May 2018. Only original works were evaluated and discussed. In addition, publications were 
included in this review that met the inclusion criteria and publications that do not fulfill the inclusion 
criteria were excluded. The literature has been searched for articles on the effect of photobiomodulation 
on the postoperative pain. The relevant contributions were made by the authors of this paper. Only 
11 scientifically provable articles have been found, which also refer to the photobiomodulation on the 
postoperative pain. Photobiomodulation has been well established in the literature. Strategies to improve 
pain reduction during and after periodontal surgery, oral surgery and orthodontic treatment were also 
provided. Despite these efforts, further studies are needed, to develop a summary to facilitate researchers 
to do more scientific studies.

Keywords: Low-level laser; Photobiomodulation; Postoperative pain; Periodontal disease; Periodontal 
surgery; Oral surgery; Orthodontic treatment
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PBM is an alternative treatment for postoperative pain, which is 
the main problem after periodontal surgical procedures. Compared 
to oral analgesics and non-steroidal anti-inflammatory drugs, PBM 
can be advantageous because the therapeutic window for its anti-
inflammatory action overlaps with its ability to improve tissue 
repair [7]. PBM effect on cells is related to various parameters, such 
as wavelength, pulse frequency, power density and time. According 
to the Arndt-Schulz law [8], “the light stimulus will be insufficient to 
trigger the target function if it is delivered below the recommended 
doses”. If a dose higher than the indicated is given, it may inhibit 
activation of these functions. Study examining the analgesic effect 
of PBM have suggested that one should use a somewhat higher total 
dose to achieve an inhibitory effect [9], which indicates that weak 
stimuli will increase physiological procedure and strong stimuli will 
prevent physiological activity. The importance of this parameter 
should always be kept in mind when using PBM, if the clinician is 
not getting the anticipated response to laser treatment, they should 
reevaluate the dose being used to ensure it lies within the optimal 
range [5]. Moreover, treatments may need to be modified over time 
to ensure that the ideal effect of the laser dose is achieved (pain 
relief vs. wound healing). The aim of this review was to discuss the 
new literature concerning in vivo studies about the effect of PBM 
on the pain reduction during and after periodontal surgery, oral 
surgery and orthodontic treatment.

Material and Methods

Original research articles were used to investigate the effect of 
PBM on pain reduction during and after periodontal surgery, oral 
surgery and orthodontic treatment. PubMed database was the 
main source. Google Scholar has used a second search database 
for online resources where access was not approachable through 
MEDLINE, a literature search was carried out for the period from 
2007 to May 2018. The research was confined to English language 
literature. The following keywords were used: Low-level laser 

(LLL), photobiomodulation (PBM), postoperative pain, periodontal 
disease, periodontal surgery, oral surgery, orthodontic treatment’. 
The study selection process was performed by two blinded 
reviewers. The studies were considered eligible for inclusion in this 
systematic review if it met the following criteria, 

(i) All human studies (in vivo studies)

(ii) Determine the following treatment parameters: power, 
power density, energy, energy density, the frequency of treatment, 
beam and dose (expressed in J/cm2) and

(iii) A special condition during the treatment. 

Excluded studies in the review were 

(i) Studies that exclusively reported literature review 

(ii) Histological studies and

(iii) Animal studies.

Results 

The literature online portal PubMed has been searched. The 
search was carried out with the searching keywords: low-level laser 
(LLL), photobiomodulation (PBM), Postoperative pain, periodontal 
surgery, oral surgery and orthodontic treatment. A total of 1371 
hits were scored. 1161 publication had to be ruled out because they 
were about wound healing and bone healing after PBM. Articles 
were seeming to be critical for inclusion in this review were 210 
studies. Most of which were found multiple times. After removing 
duplicates and assessing the titles of the publications, 83 titles 
remained relevant to the inclusion criteria. These articles were 
read and evaluated by two independent examiners. Articles, which 
is not in English, case reports and “Reviews” were excluded as well 
as studies in which no clear distinction between pain and PBM were 
found. Eleven studies were completed by the analysis (Figure 1). 
The studies included in this review were listed in the Table 1. 

Table 1: Laser irradiation conditions and results observed in vivo after effect of photobiomodulation (PBM) on the 
postoperative pain.

Study Laser and Wave-
length (nm)

Dose J/
cm2

Exposure 
Time Power Place of Influence Result

Ribeiro et al.  
In vivo

Diode  
780 35 20s 70mW Subgingival scaling and root 

planning
Pain scale exhibited lower values 

for the test side

Ramirez et al.  
In vivo

Diode  
810 4 32s 0. 5W

The wound appeared after the 
surgical removal of impacted 

lower third molars
No effect

Sezer et al.  
In vivo

Nd:YAG 
1064 
Diode 
808 

Diode 
660

8 
8 
8

10s 
10s 
60s

0.25W 
0.25W 
0.04W

Acute pericoronitis At day 7 the pain level was sig-
nificantly reduced in all groups

Sanz-Moliner 
et al. 

In vivo

Diode 
810 4 30s 0.1W Modified Widman flap

Laser provided additional ben-
efits to MWF surgery in terms 

of less edema and postoperative 
pain.
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Ferrante et al 
In vivo

Diode 
980 54 60s 300mW

Pain, swelling, and trismus asso-
ciated with surgical removal of 

impacted lower third molar
The intensity of pain was lower

Artes-Ribas 
et al. 

In vivo

Diode 
830 5 20s 100W Elastic separators are placed 

between molars and premolars Reduce pain

Doshi et al. 
In vivo

Diode 
660 4.5 3min. 25mW Periodontal flap Reduction of postoperative pain

Kazancioglu 
et al. 

In vivo

Diode 
808 4 120s 0.1W Pain after third molar surgery Positive effect

Sobouti et al. 
In vivo

Diode 
940

No 
info 30s 0.9W Cosmetic smile lift gingivectomy Reduce pain

Qamruddin 
et al. 

In vivo

Diode 
940 4 20s 200W

Spontaneous and chewing pain 
after the placement of elasto-

meric separators
Reduce pain

Ravi M et al. 
In vivo

Diode 
980 4 90min 0.1W Kirkland flap (KF) surgery

Effect on the immediate postop-
erative pain and thus reducing 

the need for analgesic consump-
tion

Figure 1: The literature search strategy.  
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Discussion 

photobiomodulation is just one of many modern tools which 
we can use in our everyday dental work. When used properly and 
with the appropriate expectations, PBM can be an advantageous 
tool. Like any treatment, the patient’s experience and therapy 
outcome may vary from one to another. It has been observed that 
some people do not respond to treatment and this occurs when 
the device is used incorrectly, that is, the device is set to weak 
standards or that the treatment simply not suitable for the patient 
(28). Moreover, laser use in PBM depends highly on the skill and 
experience of the operator, especially that understanding the terms 
and parameters of the different laser devices can be difficult for 
the untrained dentist, as calculating all these powers and dosages 
may be a daunting task. As with any treatment or therapy that a 
dentist may provide, informed consent must be obtained through 
discussion with the patient about reasonably possible risks and 
benefits of the procedure as well as what might happen without 
the procedure. Further in vivo investigations are necessary to 
determine the optimal laser parameters and irradiation protocols 
to improve the pain reduction during and after periodontal surgery, 
oral surgery and orthodontic treatment. Patient education is 
necessary to be able to apply the laser treatment to improve the 
pain reduction during and after periodontal surgery, oral surgery 
and orthodontic treatment in the clinic. As a result, a dentist may 
expect a cost benefit return when more patients are familiar with 
the advantages of the laser and favour its value.

Effect of PBM on pain in periodontal diseases

Since the periodontal disease is an inflammatory disease of 
tooth-supporting tissues caused by specific microorganisms, which 
lead to progressive destruction of the periodontal membrane and 
alveolar bone, with the formation of periodontal pockets and gingival 
recession [10]. The main purpose of the treatment of periodontitis 
is to manage the infection and to promote the healing of the 
periodontal tissue. Scaling and root planing have been confirmed 
by many studies as an effective treatment for periodontitis. The 
conventional periodontal treatment can be enhanced by using 
Erbium lasers. On the antibacterial effect of using erbium lasers as 
an adjunctive to the SRP, Alfergany MA, et al. have done a review 
study and they have concluded that using erbium lasers resulted in a 
significant reduction in the level of the periodontal microorganisms, 
which is the key to success the treatment of periodontal disease 
[11]. It is well known that this treatment is unpleasant for the 
patients even in many cases it may be painful which necessitates 
using the anesthesia during the treatment. Recently incorporating 
the laser technology in treating the periodontal disease, specially 
the low-level laser, because of their effectiveness in improving 
the healing process, lowering pain after surgery and treatment of 
paraesthesia, sensitive teeth, and many other painful condition, 
in addition to promoting a faster dentin formation, and they are 
mostly recommended in periodontology to reduce the patient’s 
complaints and discomfort caused by hypersensitivity or pain 
after surgical procedures [12]. Data from in vivo study (Doshi et 

al.) indicated that 660nm diode laser (25mW, continues mode CW, 
4.5J, 3min exposure time, 3cm distance to the marginal gingiva, in 
a sweeping motion, 3 consecutive days) has both desensitizing and 
analgesic action 7 days following periodontal flap surgery [13].

In another study, it was demonstrated that the pain scale 
exhibited lower values for the test side with laser energy applied 
at a wavelength of 780nm (35 J/cm2, 20 s per site) [14]. (LLLT) 
has been suggested as an alternative method for postoperative 
pain control compared to oral analgesics and non-steroidal anti-
inflammatory drugs, (LLLT) can be advantageous because the 
therapeutic window for anti-inflammatory action overlaps with 
its ability to improve tissue repair [15]. The study pointed out that 
obtained reduction of postoperative pain by applying the 660nm, 
808nm wavelength diode laser and the 1064nm Nd: YAG laser 
with 8J/cm2 energy density at day 7 [16]. Other authors have these 
therapeutic effects despite applying this same amount of energy 4J/
cm2 and same wavelength 810nm [17,18].

Effect of PBM on pain in oral surgery

The primarily effective principle of low-level laser therapy 
(LLLT) is the so-called laser biostimulation. The exact mechanism 
of how it works is very complex and beyond the scope of this 
review. Basically, it is based on stimulating the mitochondria 
by absorption of different radiation. These absorptions, which 
increases the supply of ATP in the cell. Furthermore, increased 
vasodilation of the vessels, increased macrophage activity, yielded 
an anti-inflammatory effect and much more healing activity was 
observed [19]. Better coagulation provides a dry and isolated 
environment, which allows a better control and less infection 
rate. This might be associated with reduced post-surgical pain 
[20,21]. In one experiment, it was reported that the diode laser 
940nm with 4J/cm2 energy density assisted surgery by having an 
astounding effect on pain in gingivectomy surgery which reduce 
post-surgical pain and bleeding [22]. Moreover, another author has 
demonstrated that diode laser 980 nm with the same parameter, 
is useful for the reduction of postoperative discomfort after, third 
molar surgery [23]. Another study used the wavelength of 810 
nm and higher power with a shorter time of laser application to 
approach an energy density of 4J/cm2, but this study didn’t show 
beneficial effects in reducing pain [24]. In fact, pain intensity and 
degree of inflammation can vary among patients, which might have 
influenced the results. A study evaluated the efficacy of the ozone 
and a gallium-aluminum-arsenide (GaAlAs) diode laser (0.1W, 
120s, 4J/cm2) application in the management of pain, swelling and 
trismus after third-molar surgery. The result showed an 808nm 
diode laser has a positive effect [18].

Effect of PBM on pain in orthodontics

Pain that can occur during orthodontic treatments is 
uncomfortable for patients. Sometimes analgesic should be given 
to the patients during the orthodontic treatment to reduce pain, 
but these drugs according to the literature have been shown to 
reduce the movement velocity of the teeth [25]. Thus, the inhibition 
of prostaglandin synthesis, the intermediary in the onset of pain, 
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has an influence on bone resorption [25]. In addition, side effects 
or allergies can occur. However, studies analyzed the efficacy of the 
low-level laser therapy (LLLT) as a potential alternative to drug in 
the pain management during the orthodontic therapy. An in vivo 
study was able to evaluate pain-relieving effects with an AIGaAs 
diode laser. They showed that a better orthodontic movement of 
the teeth can be achieved by using a diode laser of 830nm, 100mW, 
beam diameter of 7mm, 250mW/cm2 applied for 20 s per point (5J/
cm2). At the same time, it can reduce pain and discomfort [26]. Also, 
in another study was seen that, the effect of a single dose of low-
level diode laser (940nm, power set at 200mW, the energy dose was 
4J/cm2) therapy on spontaneous and chewing pain after locating of 
orthodontic elastomeric separators, the low-level laser was utilized 
for 20 second on 3 points buccally mesial, distal and middle of the 
root of the permanent first molar. The outcome showed that diode 
laser with a 940nm wavelength can reduce pain confederates with 
the placement of separators in orthodontics [27]. All studies show 
that (LLLT) contributes to pain relief in orthodontic treatments also 
as an essential factor affecting the efficiency of (LLLT), laser type, 
wavelength and intensity of treatment was clarified. Although a 
reduction in pain was noted, further research will be needed before 
(LLLT) can establish itself as an alternative method.

Conclusion 

The clinical implementation for each of the diode and Nd: 
YAG lasers as PBM therapy improves control of the pain during 
and after periodontal surgery, oral surgery and orthodontic 
treatment. However, considering the high number of positive 
reports currently available in the literature, PBM seems to be a 
safe and effective treatment option for the pain during and after 
periodontal surgery, oral surgery and orthodontic treatment. But 
the results of this review considered that the reviewed studies are 
not sufficient to confirm the effectiveness of (PBM), but further new 
in vivo investigations are necessary to determine the optimal laser 
parameters and irradiation protocols to improve the pain reduction 
during and after periodontal surgery, oral surgery and orthodontic 
treatment.
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