
© 2017 Annals of Maxillofacial Surgery | Published by Wolters Kluwer - Medknow 207

Original Article ‑ Prospective Study

IntRoductIon and lIteRatuRe RevIew

Extraction of mandibular impacted third molars is 
a common dental surgical procedure. [1-6] This may 
result in tissue trauma and inflammation, developing 
postoperative pain [Figure 1].[5-8] Pain peaks within the 
first 5 h and decreases over a week.[3,4,6,8] The management 
of postoperative pain by medications such as nonsteroidal 
anti-inflammatory drugs and corticosteroids has been 
reported.[4,9] However, their use is often associated 
with potential side effects, such as peptic ulcer disease, 
gastrointestinal bleeding and perforation, impaired renal 
function, allergic reactions, and inhibition of platelet 
function.[4,9] To minimize these side effects, there are 
alternative methods to control postoperative pain, such as 
surgical closure techniques with or without incorporation 
of drains, use of cryotherapy and laser application.[1,6,10-13]

LASER is an acronym for Light Amplification by Stimulated 
Emission of Radiation. The energy output differentiates 
LASER into “hard” and “soft.” Hard lasers have large energy 
output and are used for cutting tissues, whereas soft lasers 
are low-level lasers that promote tissue healing.[11] Low-level 
laser therapy (LLLT) was discovered incidentally in attempt 
to treat cancerous cells with a ruby laser and it was found that 

it did not kill tumor cells instead it accelerated wound healing 
from which the concept of photobiomodulation developed.[14] 
Since then, laser therapy has been used in dentistry for 
different applications, wound healing, aphthous stomatitis, 
mucositis, neural regeneration, postherpetic neuralgia, 
synovitis, arthritis, tempromandibular joint pathology, 
acute abcesses, periapical granulomas, chronic orofacial 
pain, and bone regeneration.[13,15-20] LLLT analgesic effects 
are obtained by stimulating the synthesis of endogenous 
endorphins (β‑endorphin), decreasing the inflammatory 
cytokines and enzymes, altering the pain threshold, 
inducing morphological neurons changes, reducing the 
mitochondrial membrane potential, and blocking the fast 
axonal flow leading to neural conduction blockage.[4,12] 
The anti‑inflammatory effect is due to an increase of the 
phagocytic activity, the number and diameter of lymphatic 
vessels, decrease in the permeability of blood vessels and 
restoration of microcapillary circulation, normalizing the 
permeability of the vascular wall, and decreasing the edema 
[Figure 2].[2,4,6,12,13,17,20,21]
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Figure 1: Sequel of tooth extraction

Figure 2: Mechanism of action of low‑level laser therapy

The effect of LLLT on pain reduction after third molars 
extractions is controversial [Table 1]. Some studies showed 
clinical significance in the reduction of postoperative pain 
and swelling when soft laser of 870 nm wavelength, energy 
output of 4 J/cm2, and constant power of 50 and 80 mW 
were used intraorally from a distance of 1 cm for 10 min 
after extraction.[8,9] Moreover, the use of gallium aluminum 
arsenide (GaAlAs) with wavelengths range from 660 nm to 
904 nm and power of 35–200 mW for different time intervals 
showed clinical significance in pain reduction.[7,21-26] Another 
study reported that the intra- and extra-oral use of 810 nm 
wavelength and 4 J/cm2 energy output using continuous 
wave reduces postoperative pain, swelling, and trismus, 
a reduction that was not deemed statistically significant.[3] 
In addition, the intra- and extra-oral application of 660–
789 nm GaAlAs laser with energy output of 21.6 J and 
50.4 J, respectively, had a significant reduction in pain at 
days 1 and 3 postoperatively.[25] In contrast, other studies 
demonstrated no beneficial effects in pain reduction using 
LLLT after the removal of impacted mandibular third 
molars (MTMs).[4,6,11,23,27-30]

The lack of a standardized laser application methodology 
among studies with regard to the sample selection, sample 
size, control, and LLLT parameters had contributed to the 
controversial postoperative pain reduction effectiveness of 
LLLT. The purpose of this study is to evaluate the effect 
of intraoral LLLT on the postoperative pain following the 
extraction of MTMs.

The aims and objectives of this study are to understand:
• The effect of LLLT on pain
• The effect of age on pain
• The effect of gender on pain
• The effect of surgical difficulty on pain
• The effect of LLLT on the number of postoperative 

analgesics used
• The effect of LLLT on postoperative mouth opening.

subjects and Methods

The experimental design
This randomized, controlled, double-blind, prospective 
split-mouth clinical trial was conducted at Medical Laser 
Center Dental, Abu Dhabi, UAE, after obtaining an ethical 
approval from the Research Committee of Maktoum 

Bin Hamdan Dental University College. Thirty healthy 
patients with bilateral asymptomatic symmetrical impacted 
MTMs on orthopantomographs were included in the study 
[Figure 3]. An informed consent was discussed with each 
patient and signed by both the researcher and the patients. 
The exclusion criteria included the presence of systemic 
disease, chronic pain, neurological or psychiatric disorders, 
photosensitivity disorders, allergy to local anesthetics, 
acute pericoronitis, periodontal disease, pregnancy, 
breastfeeding, smoking, and the use of anti-inflammatory 
agents or analgesics 2 weeks before the study. The same 
oral surgeon performed two surgical extractions at 3-week 
interval for each patient [Figure 4]. The extraction sites 
were randomly assigned into experimental and control 
groups using a computer software (Random Allocation 
Software, Developed by M. Saghaei, MD., Department 
of Anesthesia, Isfahan University of Medical Sciences, 
Isfahan, Iran). A trained dental assistant applied GaAlAs 
diode laser of 810 nm and 0.1 W to the experimental sites 
immediately after suturing for a total of 9 J, while the 
contralateral extraction site served as a control receiving the 
same treatment except for the active laser beam [Figure 5]. 
Neither the surgeon nor the patients were aware of the side 
which received LLLT, and the records were saved by the 
dental assistant [Figure 6].

Experimental protocol
Preoperatively, gender and age were recorded as well as the 
degree of surgical extraction difficulty of impacted MTMs 
using the Pederson difficulty index.

Surgical protocol
Right and left MTMs surgical extractions were performed 
using a standardized technique. Patients received inferior 
alveolar, lingual, and buccal nerves blocks using two 
1.8 ml carpules, each containing 2% lidocaine with 
epinephrine 1:80,000 (New Stetic S.A, Guarne, Colombia). 
A scalpal incision was made using blade number 
15 (Bromed, Ontario, USA), full mucoperiosteal flap 
reflected with number 9 Molt Periosteal Elevator (Nordent, 
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Table 1: Summary of laser parameters used in other clinical trials studying the effect of low‑level laser therapy on 
postsurgical pain

Author, year Study design Laser Wavelength (nm) Power (Mw) Dose Results
Mozzati, 2011 Split-mouth MTMs GaAs 904 200 180 J/cm2 S
Abou El-Soud, 2010 RCT

MTMs
SL-202 870 50 4 J/cm2 S

El Shenawy, 2010 RCT
MTMs

SL-202 870 80 4 J/cm2 S

Batinjan, 2013 RCT
MTMs

HF 660 90 16.2 J S

Gasperini, 2014 Split-face
orthognathic surgery

GaAlAs 660
789
780

20
60
70

5 J/cm2

30 J/cm2

50.4 J/cm2

S

Khullar, 1996 RCT GaAlAs 820 70 6 J S
Roynesdal, 1993 Crossover Biophoton 830 40 6 J S
Fabre, 2015 Case series AlGaInP 660 35 18.28 J S
Amarillas-Escobar, 2009 RCT GaAlAs 810 100 4 J/cm2 S
Markovic, 2006 Two-fold study GaAlAs 637 50 4 J/cm2 S
Fernando, 1993 RCT CBM semiconductor 830 30 4 J/cm2 NS
Boras, 2013 Pilot study GaAlAs 830 3 1.5 J/cm2 NS
Paschoal, 2012 Split mouth GaAlAs 830 100 60 J/cm2 NS
Raouaa, 2013 RCT GaAlAs 808 100 120 J/cm2 NS
Lopez-Ramirez, 2011 RCT GaAlAs 810 500 5 J/cm2 NS
Ferrante, 2012 RCT Diode G-laser 980 300 54 J NS
Carrillo, 1990 RCT HeNe 632.8 300 10 J/cm2 NS
RCT=Randomized controlled trial; MTMs=Mandibular third molars; S=Significant; NS=Not significant; GaAlAs=Gallium aluminum arsenides

Illinois, USA). Buccal and distal bone was removed, as 
planned, with a number 8 round carbide bur (Dentsply, 
Ballaigues,  Switzerland) attached to a low-speed 
surgical handpiece (NSK, Tokyo, Japan). Teeth were 
sectioned by a 703 fissure bur (Dentsply, Ballaigues, 
Switzerland) attached to the same handpiece using copious 
saline (0.9% sodium chloride, Jeddah, Saudi Arabia). 
Wound approximation was achieved using black braided 
nonresorbable 3/0 silk suture attached to 3/8 circle reverse 
cutting needle (SMI, Steinerberg, Belgium) [Figure 7]. 
Postoperatively, patients were prescribed oral Amoxicillin 
500 mg every 8 h for 7 days and ibuprofen 400 mg taken 
orally every 6 h when needed.

Laser protocol
The GaAlAs diode laser device used (Elexxion Claros Pico, 
Radolfzell, Germany) and calibrated by Ophir Orion/TH 
with 30A-SH-V1 sensor head for validity and reliability. 
The device consisted of a display unit that allows for 
laser‑specific indication selection, a foot pedal for activation 
control, rechargeable battery, and handpiece to which a 
Pico T laser applicator of 6 mm in diameter is attached for 
LLLT [Figure 8]. The Pico T applicator is cylindrical and 
has two ends, one to be applied on target tissues, while 
the other is fully threaded clockwise into the handpiece to 
deliver LLLT beam, otherwise if not completely threaded, 
laser beam will not emit. An active beep indicates the 
activation of the device, whether the Pico T is fully threaded 
or not [Figure 9].

Laser parameters
The irradiation parameters used in the study were the 
wavelength of 808 ± 10 nm, power of 100 mW, and pulse 
frequency of continuous waveform - 20,000 Hz. The spot 
size was 6 mm and the beam surface area was 0.28 cm². On 
the other hand, the radiant exposure or fluence was 32.86 J/
cm² and the power density was 0.71 W/cm². Furthermore, 
the applicator was placed at proximity to the soft tissue and 
applied for 30 s at three points occlusal, buccal, and lingual 
with the total time of 90 s and total energy of 9 J, 3 J at each 
point [Figure 10].

Postoperative evaluation of pain and interincisal opening
Pain intensity was recorded using a 10 cm visual analog linear 
scale whose scores are ranged from 0 as no pain to 10 which 
represents the worst possible pain [Figure 11]. Questionnaire 
1 was distributed to patients who were instructed to mark 
the level of pain intensity postoperatively as a point on the 
visual analog scale at 2, 4, 8, 10 h after the surgery as well as 
the mornings of the first 7 successive days before taking any 
medication. In addition, patients were requested to record the 
number of analgesics taken daily. The interincisal opening was 
evaluated by measuring with a caliper the maximal opening 
between the right maxillary and right mandibular central 
incisors before surgery and immediately postoperatively and 
on the 7th day.

Hypothesis and statistical analysis
The hypothesis of this clinical trial is that LLLT has an effect 
on postoperative pain after surgical extraction of MTMs.
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Spearman’s correlation is a nonparametric measure of the strength 
and direction of association that exists between two variables 
measured on at least an ordinal scale. The Mann–Whitney U-test 
is used to compare differences between two independent groups 
when the dependent variable is ordinal. Multiple regression was 
used to predict the value of a variable based on the value of 
two or more other variables. Multiple regression also allows to 
determine the overall fit of the model and the relative contribution 
of each of the predictors to the total variance explained. Paired 
sample t-test was used to compare two population means in the 
case of two samples that are correlated in case–control studies. 
IBM SPSS Statistics 23 for Windows (IBM Corp., United States) 
with a significance level of P ≤ 0.05 was used.

Results

The clinical experiments were conducted from June 2016 to 
August 2016. Thirty patients participated in the study, 53.3% 
were female and 46.7% were male. The mean age of the patients 
included in this study was 29.5, 46.7% of the participants are 
at the ages of 19–29, and 53.3% of them are 30–39 years old. 
Moreover, the surgical difficulty scores of MTM extractions 
were recorded according to Pederson difficulty index. The 
extraction difficulty score ranges from 3 to 8 in this experimental 
study, and the average 5.7 indicates that surgical extractions 
were moderately difficult, 43.3% of the impacted third molars 
scored 3–5 on Pederson index and the remaining 56.7% scored 
6–8 [Table 2]. The R2 (goodness of fit) and adjusted R2 figures 
indicate that approximately 88% of variance in pain is explained 
by age, gender, difficulty, and type of treatment. The F‑ratio 
in ANOVA shows that the independent variables (age, gender, 
difficulty, and type of treatment) statistically significantly 
predict the dependent variable (pain), F (4, 55) = 100.975, 
P < 0.0005 (i.e., the regression model is a good fit of the data). 
The age of the patients has no significant effect on pain intensity 
levels (P > 0.05), whereas gender, surgical difficulty, and laser 
have significant effects on pain. Males experienced less pain 
intensity levels than females, in addition, the more the difficult 
the extraction the more the pain experienced.

There is a significant correlation between LLLT and pain 
reduction, patients had less pain in the surgical sites treated 
with laser than the control sites. 88% of the pain scores was 
<1 at the laser sites, whereas 87% of the control sites scored 
pain from 2.29 to 6.14. Furthermore, LLLT appeared to have a 
high significant effect on pain reduction (P ≤ 0.05). Although 
there was a mild increase in pain intensity after the 4th day 
postoperatively [Figure 12]. The results of the study showed that 
on the 1st postoperative day, the average interincisal opening in 
the control group was 2.93 cm; in the laser group, it was 3.58 cm. 
On the 7th postoperative day, the average interincisal opening in 
the control group was 4.76 cm; in the laser group, it was 5.54 cm. 
Trismus in the LLLT group was significantly less than in the 
control group at the 1st and 7th postoperative days [Figure 13].

The differences in number of analgesics taken over time 
between the laser and the control sides using paired-samples 
t-test (P ≤ 0.05) demonstrated a significant difference in the 

Figure 3: Orthopantomographs of some cases showing the bilateral 
symmetrical impacted mandibular third molars

Figure 4: One oral surgeon performing the surgical extractions

number of rescue analgesics taken between both the laser 
and the control sides. The control sides demonstrated the 
peak number of analgesics taken at 48 h postoperatively with 
an average of 2.83 tablets and a standard error of the mean 
being 0.15, and then, the number of analgesics taken has 
gradually reduced over time. On the other hand, the laser sides 
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Figure 7: A photograph demonstrating the surgical armamentarium used 
in this clinical trial

Figure 8: A photograph illustrating elexxion claros Pico laser device used. 
a: The display elements on the stand, b: The foot pedal for activation 
control, and c: The Pico T applicator fully threaded into the d: handpiece

Figure 11: A schematic diagram shows the visual analog scale

Figure 9: A photograph demonstrating a: the Pico T applicator unthreaded 
from the handpiece. b: The spot size of the Pico T applicator is 6 mm in 
diameter with a surface beam area of 0.28 cm²

a b

Figure 10: Photographs of a clinical case showing the three postoperative 
positions of the Pico T applicator occlusal (a), buccal (b), and lingual 
(c) at proximity to the soft tissue after suturing

a b c

Figure 5: One dental assistant applying the laser beam

Figure 6: A diagram illustrating the experimental design

did not require the intake of medications on the first 4 days 
postoperatively, and then interestingly, they started to take an 
average of one tablet afterward [Figure 14].
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So far, the parameters of ideal radiation for this purpose have 
not been determined due to the great diversity of variables 
such as the type of laser wavelength, power, pulse rate, time, 
and mode of application.[3,4,6,7,11,22-30] A local inflammation 
of a surgical wound does not take place immediately after 
surgery, but it appears gradually and reaches its peak between 
24 and 48 h after the surgery.[3,33] Pain intensity and degree of 
inflammation can vary between patients. For this reason, the 
split-mouth design where the patient becomes his/her own 
control is able to avoid bias in the data collection. Moreover, a 
3-week interval is allowed in between both extractions to allow 
for wound healing and to avoid the presence of any systemic 
effect of one side on the other.[18] In addition, one treatment 
of acute injuries or immediately postoperatively has clinically 
meaningful effects. Whereas for chronic pathologies, LLLT 
typically requires two or three treatments a week for several 
weeks to achieve clinical significance.[18,19,34] According to the 
results of our study, the clinical parameter of pain was reported 
by patients to be less at the sites treated with laser therapy than 
at the other control sites. This effect is in agreement with results 
of another study in which 10 patients treated with 904 nm 
GaAs laser applied immediately after the surgery and on days 
3 and 5 postoperatively, with a total fluence of 180 J/cm2.[22]

In contrast, other split‑mouth studies reported no significant 
reduction in pain using intraoral 830 nm GaAlAs once 
immediately after suturing as well as when applied more the 
one time.[6,11,29] Furthermore, a clinical trial demonstrated lower 
intensity of postoperative pain, swelling, and trismus in the 
laser treated group than in the control group, but the difference 
was not reported to be statistically significant, whereas there 
was a significant reduction in the number of rescue analgesic 
medications required in agreement with the results of this 
study.[3] However, in 2006, Markovic and Todorovic obtained 
a reduction of postoperative pain by applying the laser AsGaAl 
after the surgical removal of third molars.

This study was conducted with third molars in symmetrical 
positions with a similar degree of difficulty, so that each patient 
was his own control. Furthermore, a single surgeon performed 
all surgical procedures to avoid differences among different 
surgeon’s skills, which might have influenced the results. A similar 
double-blind crossover study included 25 patients with bilateral 
identical impactions reported no significant effect of applying 6 J 
LLLT on postoperative pain and swelling except on the 2nd day.[23]

The HeNe laser was also used to investigate the effects of the 
LLLT in reducing pain, postoperative swelling, and trismus 
after a third molar extraction. There were no significant 

Table 2: Distribution of age, gender, and extraction 
difficulty

Demographics Mean±SEM (n=30)
Age 29.53±1.08
Gender 0.47±0.09
Extraction difficulty 5.7±0.26
SEM=Standard error of mean
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Figure 12: A graph illustrating the means of the pain intensity levels over 
time in the laser versus the control sides
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control sites. It shows that the low‑level laser therapy reduced trismus 
postoperatively
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Figure 14: A graph illustrating the means of number of analgesics used 
over time in the laser versus the control sides

dIscussIon

There is a growing interest in investigating the physiological 
effects of LLLT and its various clinical applications in orofacial 
pain, acute and chronic inflammation either as a single therapy 
or complementary therapy.[31,32] However, the lack of quality 
publications on the analgesic and anti‑inflammatory effects of 
LLLT after the surgical removal of third molars, together with 
the obtained controversial results, calls into question its efficacy.
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differences in the levels of pain and swelling between the 
laser group and control group. However, this laser allowed a 
significant reduction of trismus after 7 days in both groups.[28] 
The laser application following third molar extraction can 
be intraorally, extraorally, or both. In this study, the intraoral 
application was adopted to allow for maximum penetration 
and absorption at the surgical site 4–6 mm.[15,18,35]

Several studies reported the use of intraoral soft laser once 
immediately after third molar extraction at 1 cm distance from 
the surgical site and found a significant reduction in pain in 
agreement with this study.[7-9] On the other hand, the extra- and 
intra‑oral application of GaAlAs demonstrated a significant 
reduction in swelling and pain after 24 h postoperatively 
following orthognathic surgery,[25] and in another study, 
the extra- and intra-oral application was used to verify 
the effectiveness of LLLT in improving sensory function 
after sagittal split osteotomy and resulted in a significant 
improvement in subjective sensory assessment.[24] In contrast, 
other studies reported no significant effects.[4,30]

Studies that have accurately measured beam irradiance and 
taken measurements at the target depth report successful 
tissue repair and anti‑inflammatory effects in the range of 
5–55 mW/cm2 at the target site. However, analgesia typically 
requires higher power densities, a systematic review of 
laboratory studies found power densities >300 mW/cm2 are 
necessary to inhibit nerve conduction in C‑fibers and A‑delta 
fibers. Therefore, the power density of 0.71 W/cm2 was used 
in this study.[18,35]

Pain reduction in acute conditions is achieved through 
inhibition of neural flow and high fluence, and greater power 
density is more effective. The fluence used in the study was 
32.86 J/cm². Wound healing and tissue regeneration require 
fairly low intensity and long time 2–6 J/cm2; reduction of 
inflammation is more effective with higher fluence 6–10 J/cm2, 
whereas acute pain may require 20–50 J/cm2.[18,35]

The age of the patients had no influence on the level of pain 
experienced in this clinical trial; nevertheless, a prospective 
study reported that older patients are at greater risk of 
postoperative complications and permanent sequelae.[36] It is 
believed that with an increasing age, bone become harder and 
brittle resulting in more pain, trismus, and swelling.[37]

Females were reported to have more pain intensity levels 
postsurgically than males as well as the more the surgical 
difficulty the more the pain experienced.[5,36-39]

On the other hand, the laser sides experienced no pain on the 
first 4 days postoperatively, and then interestingly, they started 
to experience mild pain afterward. A similar split-mouth study 
reported reduction in postoperative pain when 5 J/cm2 is used; 
but after the 4th day, the laser-treated sites experience more pain 
levels than the control sites.[6] This interesting finding can be 
due to a high dose of laser power density lead to delayed wound 
healing, and this can be managed by increasing the distance 
between the laser tip and the target tissue or by reducing the 

exposure time. Furthermore, the increase in pain might be due 
to a secondary infection, or because the laser effect wears off 
after 3 to 4 days and an additional application is required.[18,19,34]

conclusIon

The use of intraoral GaAlAs of 810 nm and 0.1 W is effective 
in reducing postoperative pain when a dose of 32.86 J/cm2 is 
used and less pain medications were required. Furthermore, 
there is no effect of age on the postoperative pain experienced; 
however, gender has an effect, females experience more pain 
than males. On the other hand, the more the difficult the surgical 
extraction the more the postoperative pain experienced.
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