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Abstract
Introduction: One of the major complains after surgery is pain. Recent advances in the prevention 
and reduction of postoperative pain have provided several modalities. One of them is the use of laser 
irradiation on the surgical area.
Objectives: To evaluate the effects of low level laser therapy (LLLT) on pain and side effects after surgery.
Methods: In this research, databases such as: PubMed, Science Direct, Google Scholar, Springer and 
Cochrane were used and the words of laser therapy, photobiomodulation, therapeutic laser, low level 
laser therapy, surgery and pain were searched. Articles, including systematic reviews, original articles, 
case series, and clinical intervention studies related to these words, were studied. The language of all 
articles was English and consists of papers from 2009 until 2017.
Results: A total of 370 papers were studied and 10 articles that met inclusion criteria were selected for 
this review. Few of these articles were followed up. Surgery included a wide range of surgeries including 
mastectomy, breast augment post-fracture, episiotomy, tonsillectomy and hernia. The methodological 
quality score on the PEDro scale was between 5 and 11. 8 trials reported positive effects and 2 trials 
reported negative effects. In order to study clinical effect size of laser therapy after surgery, only 4 
papers met entry criteria and the mean effect sizes were 0.13 to 2.77. Accordingly, the best treatment 
protocol included a red laser dose of 4 J/cm2 for the post-operative pain of tonsillectomy, which was 
irradiated through the infra mandibular angle on the tonsils.
Conclusion: LLLT may be an appropriate modality for reducing pain after surgery, nevertheless the 
effect size of this modality is variable. Therefore, further research based on proper protocols for these 
patients and follow-up of therapeutic course should be designed and implemented.
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Introduction
Postoperative pain is an unpleasant complaint of surgeries 
and insufficient attention to pain relief may delay and 
change the recovery cycles and leads to enormous 
costs which society has to bear.1 Unfavorable effects of 
postoperative pain can involve other parts of the body that 
may not be related to the surgical cut. These impairments 
include deep vein thrombosis, impaired function of 
pulmonary and cardiovascular systems, inappropriate 
wound healing, insomnia and weakening morale1,2 which 
might result in increasing rate of mortality and morbidity.1 
Pain that lasts for a long time can become chronic.3 

There are different ways to reduce postoperative pain 
such as surgical blockage of pain transmitted neurons, 
non-opioid drugs or non-steroidal anti-inflammatory 
drugs (NSAIDs), opioid analgesic or patients controlled 
analgesia (PCA) and epidural analgesia.2,4-6 Surgical 

blockage effects on reducing pain is temporary and pain 
will come back after a while.7 Also, because of the side 
effects of above drugs, the use of adequate dosage is 
limited.4,5-8

Recently, new methods have been proposed to reduce 
pain after surgery. One of these novel methods is low-
level laser therapy (LLLT).9 LLLT means the use of low-
power radiations which is between 5-500 mW. Its effects 
are non-thermal9,10 that are used for different goals such 
as healing, pain relief and reducing inflammation.10-14

It was suggested that analgesic effects of LLLT are 
probably related to increased secretion of endorphin 
in inflammation sites and enhanced circulation.15 In 
addition, it was believed LLLT can help the release of 
neurotransmitters, for example serotonin that improves 
endorphin’s performance.16 Furhtermore, LLLT decreases 
the level of pain-related factors such as prostaglandin E2 

http://crossmark.crossref.org/dialog/?doi=10.15171/jlms.2019.13&domain=pdf&date_stamp=2019-02-25
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and cyclooxygenase-2.17 Other mechanisms for reducing 
pain of LLLT are caused by declining in nociceptor signal 
transduction.18

LLLT evidently degraded pain in chronic and 
acute status19,20 like carpal tunnel syndrome (CTS),21 
osteoarthritis, rheumatoid arthritis,22 fibromyalgia,23 
temporomandibular disorders.19 As well as LLLT has been 
used to relieve pain in postoperative pain.24 But, there was 
not any systematic review that studies the role of LLLT in 
improving postoperative pain. So, the aim of this study 
was to systematically review of evidence regarding the 
effects of LLLT on postoperative pain.

Methods
Search Strategy
A systematic search was performed using the following 
databases: PubMed, Science Direct, Google Scholar, 
Springer and Cochrane. Two reviewers accomplished 
the search. The language of all articles was English and 
consists of papers from 2009 until 2017. The keywords 
included laser therapy, photobiomodulation, therapeutic 
laser, low-level laser therapy, surgery and pain. Also, we 
used Medical Subjects Heading in PubMed that included: 
laser therapy, pain, surgery, low-level therapy and 
postoperation. References of all full-text of papers were 
manually searched to recognize additional related studies. 
All articles, including systematic reviews, original article, 
case series, and clinical intervention studies related to 
these words, were studied.

Inclusion and Exclusion Criteria
1. 1) Papers should be randomized control trial.
2. 2) The effect of laser on postoperative pain was 

investigated. 
3. 3) The severity of pain was evaluated as outcome 

measures.
4.  4) The language was English.

As well the exclusion criteria were: (1) Trials not 
having control groups (2) Trials that compare laser 
therapy with other types of therapeutic modalities such 
as ultrasound. 

Data Collection
Data were obtained by two independent reviewers. 
Each reviewer, individually evaluate the abstracts of the 
articles. If they were related to the topic of the present 
study, read the full-text of them. Then, the factors related 
to the articles, including the type of paper, subjects, 
interventions, the method of evaluation and results were 
recorded. If there were any differences among 2 reviewers, 
the third reviewer was consulted. 

Qualitative Evaluation of Clinical Trials
The PEDro scale was used to evaluate the quality of the 
articles. The PEDro scale is introduced by the PEDro 
database and includes 11 criteria for evaluating clinical 

trial’s validity. Articles with less than 5 entries were 
deleted. 

Effect Size
At first, the difference between the mean pain intensity 
(visual analogue scale, VAS) before the intervention 
and the mean pain intensity after the intervention were 
calculated separately in each group and then we divided 
the obtained values into standard deviation (SD) of one 
of the means in the same group. The numerical value 
obtained represents the size of the effect in that group.

Results
Literature Search
A total of 1194 papers were found. After removing 
duplicated 370 articles remain. By studying their titles 
and abstracts, 349 studies were excluded and full-text of 
21 remained papers was assessed for eligibility. Seven of 
them were eliminated due to lack of eligible subjects and 
4 of them were eliminated due to lack of eligible method. 
Finally, 10 articles that met the desired inclusion criteria 
were selected for this study (Figure 1 and Table 1). Few 
of these articles were followed up. The evidence obtained 
from the papers is shown in the tables 1 and 2. These tables 
contain information about (1) author, (year) (2) subjects, 
(3) inclusion criteria, (4) method and (5) results. Also 
the parameters of laser therapy including wavelength, 
dosage, duration of irradiation per point and location of 
irradiation about these 10 articles is shown in Table 2.

Qualitative Evaluation of Clinical Trials
The quality assessment of the 10 trials used in this study is 
shown in Table 3. The magnitude of this scale was between 
5 and 11, with an average score of 9/1. In 8 articles, the 
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Figure 1. Chart of Screening and Search History.
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random allocation of samples was done and only in 2 
articles was not observed. In 7 articles the subjects, in 6 
articles the therapist and in 6 articles the examiner were 
blinded, respectively.

Effect Size of Studies
The effect size of laser therapy has been reported in Table 
4. The effect size was only calculated in 4 papers,24,25,29,31 
and in other articles due to the absence of SD or VAS, 
was not calculated.26-28,30,32,33 As well, in Santos et al29 
VAS measurement was performed twice; more than 2 
hours after surgery, and after 40-48 hours after surgery. 
Therefore, one of these measurements was used to 
determine the treatment effect size. 

Discussion 
Pain is one of the major complaints after surgery. Because 
of the adverse effects of using pain medications,4,5,8 
the new methods for reducing pain are in progress. 
One of these methods is LLLT.9 LLLT is a non-invasive 
method with approximately no side effects and its cost 

is more reasonable. Previous studies have documented 
various mechanisms for the efficacy of laser on pain 
relief, including photobiomodulation, which caused 
certain reactions such as increased production of ATP, 
prostaglandins34,35 and beta-endorphins, decreased 
bradykinin levels, inhibition signal transduction from 
type C fibers,32 and increased secretion of pain relief 
neurotransmitters such as serotonin.36 In addition, LLLT 
can increases blood circulation, thus increases oxygen 
available for tissues and the pain-causing factors are 
diverted.37-39 Therefore, according to the above findings, 
it can be concluded that laser therapy can reduce 
inflammation and pain. 

The effects of LLLT depends on various parameters 
such as wavelength, energy density, duration of radiation, 
power density, pulse status, Location of irradiation and 
the number of therapeutic sessions.12,40-42 Hence if the 
duration, energy density (up to 10.4 j/cm2), the number 
of therapeutic sessions of LLLT are increased (laser 
wavelength between 600-1000), it will have a greater 
effect on pain relief.43-45

Table 2. Parameters of Laser Irradiations in Trials

Author (Year) Laser Wave Length
Laser 
Dosage

Duration of 
Irradiation Per Point

Location of Irradiation

Kozanoglu25 (2009) 904 nm 1.5 J/cm2 20 min
3 points at the antecubital fossa and 7 points on the 
axilla. 

Jackson26 (2009) 630–640 nm 4 min Scanned laser above each breast.

Carvalho27 (2009) 830 nm 10.4 J/cm2 26 s/point 10 points in each scar.

Neiva28 (2009) 685 nm 4 J/cm2 3 min and 20 s Surgical wounds.

Santos29 (2012) 660 nm 3.8 j/ cm2 10 s/point 3 points of the episiotomy (upper, central and lower).

Santos30 (2012)

Red light irradiation 
beams: 660 nm
Infrared laser diode: 
780 nm

8.8 j/ cm2 10 s/point 3 points of the episiotomy (upper, central and lower).

Aghamohammadi31 (2013) 980 nm 4 J/cm2 From mandibular angle irradiated to the tonsils’ bed.

Nesioonpour24 (2014)
Combination of 2 lasers: 
808 nm; and 650 nm

9 J/cm2 20 s/point
Anterior, posterior, medial and lateral sides of fracture 
area and popliteal fossa

Karlekar32 (2015) 980 nm 10 J/cm2 150 s/point Around the sternum.

Fernandes33 (2017) 660 nm 6 J/cm2 60 s/point 8 points around the incision.

Table 3. Results of Assessment of Quality of Studies by PEDro Scale

Author Cri1 Cri2 Cri3 Cri4 Cri5 Cri6 Cri7 Cri8 Cri9 Cri10 Cri11 Sum 

Kozanoglu25 1 1 1 1 0 1 0 1 0 1 1 8

Nesioonpour24 1 1 1 1 1 1 1 1 1 1 1 11

Santos29 1 1 1 1 1 0 1 1 1 1 1 10

Aghamohammadi31 1 1 0 1 1 1 1 1 1 1 1 10

Neiva28 1 1 0 1 1 0 1 1 1 1 1 9

Carvalho 27 1 0 1 1 0 0 0 1 1 1 1 7

Jackson26 1 1 1 1 1 1 0 1 1 1 0 9

Karlekar32 1 0 0 1 0 0 0 1 0 1 1 5

Fernandes33 1 1 1 1 1 1 1 1 1 1 1 11

Santos30 1 1 1 1 1 1 1 1 1 1 1 11

Cri=criteria, Sum= summation.
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Table 4. Results of Effect Size Evaluation

Author

Parameters

LLLT Group Control Group

M1 (SD) M2 (SD) ES M1 (SD) M2 (SD) ES

Kozanoglu25 32.9 (21.8) 8.4 (15.5) 1.12 23.9 (22.1) 13.5 (21.3) 0.47

Nesioonpour24 5.46 (1.79) 2.88 (1.36) 1.44 6.69 (1.87) 4.15 (1.53) 1.35

Santos29
Up to 2 h 2.2 (2.4) 1.7 (2.3)

0.33
2.4 (2.4) 1.6 (2.3)

0.13
40–48 h 2.3 (2.4) 1.5 (1.9) 2.8 (2.3) 2.5 (2.3)

Aghamohammadi31 1.84 (0.80) 1.00 (0.00) 1.05 2.77 (0.57) 1.19 (0.40) 2.77

Neiva28 3 0 - 5 1 -

Carvalho27 - 0.35(1.33) - - 0.92 (1.32) -

Jackson26 21.4 3.32 - 36.7 6.70 -

Karlekar32 - - - - - -

Fernandes33 - - - - - -

Santos30
R→4.4 R→2.4 -

4.7 2.6 -
IR→4.3 IR→2.1 -

Methodological quality of the trials in this review 
based on Pedro’s scale was high. Ten articles were studied 
in this review, of which 8 papers reported that LLLT 
significantly reduced postoperative pain and only the 
results of 2 articles contradicted others.  Kozanoglu et 
al25 compared the effect of pneumatic compression and 
LLLT on lymphoedema and pain after breast surgery. 
They observed that pain was decreased after using both 
of the above-mentioned modalities, but there was no 
significant difference between the two groups in reducing 
postmastectomy pain.25 The laser dosage in this study 
was 1/5 J/cm2. Santos et al examined the effect of LLLT 
on postoperative pain after episiotomy and found that 
LLLT did not have a significant effect on pain relief in 
these patients. They expressed that the dosage of the laser 
was probably not enough, and the location of the surgical 
cut of the participant was different in terms of length and 
depth.30 The depth of laser penetration varies depending 
on the anatomical features of the tissue. There is still no 
complete information about the wavelength needed to 
penetrate a specific depth in the body. Therefore, most 
researchers considered the depth of laser penetration 
hypothetically.46 However, laser was not effective in 2 
mentioned trials due to the use of inadequate dosage 
according to the depth of penetration.

The results of 8 other studies that were studied in 
this review showed that LLLT was effective in reducing 
postoperative pain in patients with breast augmentation 
surgery,26 inguinal hernia surgery,27 tonsillectomy,28,31 
episiotomies,29 tibial fracture surgery24 and coronary 
artery bypass surgery.32,33 In addition, the laser can reduce 
the use of pain relief medication, thus protecting the 
patient from the complications of these drugs. 

Examining of effect size of LLLT showed that it was 
variable in the above papers and only 4 papers had entry 
criteria, with a range of effect sizes ranging from 0.13 to 
2.77. Accordingly, the best treatment protocol was an 

infrared laser dose of 4 J/cm2 for the postoperative pain 
of tonsillectomy, which was irradiated through the infra 
mandibular angle on the tonsils. The infrared laser has a 
greater penetration depth, so it may affect nociceptors.39 
Consequently, it can be argued that LLLT is a suitable 
modality for the treatment of postoperative pain, although 
the effect size of this modality was variable.

In vitro studies have shown that photobiomodulation 
can be effective in reducing pain and inflammation, but 
there is a great ambiguity about applying this method in 
in vivo studies due to various factors that causes pain and 
inflammation, various intervention and differences in the 
choice of parameters. Therefore, selecting proper subjects 
and parameters for LLLT is important.47 This review had 
some limitations, including heterogeneity in the results. 
One of them was that in some articles, along with laser 
therapy, pain reliever had been used, so it was difficult 
to distinguish between them. Another discrepancy for 
the results of this study was because of the differences 
in the number of therapeutic sessions, laser wavelength, 
and radiation duration in the trials. As a result, we failed 
to introduce certain parameters as the most appropriate 
parameters for pain relief. However, according to the 
results of existing studies, we have introduced the 
most appropriate parameters in these articles to reduce 
postoperative pain. But there is a need for further 
investigation in this regard. It is also recommended 
that a specific approach should be developed for future 
systematic reviews and guidelines of photobiomodulation 
so that a standard method is used in all parts of the world 
to obtain more accurate and verifiable results.

Conclusion
According to the findings of the present study, it appears 
that, LLLT may be an appropriate modality with no 
side effects for reducing postoperative pain, but its 
effectiveness depends on the use of suitable parameters 
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especially adequate dosage. However, there is a lack of 
sufficient evidence supporting the effect of laser on pain 
reduction after surgery. Hence, further research should be 
designed and implemented based on proper protocols for 
these patients and follow-up of therapeutic course.
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