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Abstract
Objective The aim of this study is to compare the effect of photobiomodulation with low-level laser therapy (LLLT) and 
nimesulide on inflammatory parameters, biomarkers of oxidative stress and inflammation, and quality of life after lower 
third molar (L3M) surgery.
Material and methods A randomized, two-factor, triple-blind, controlled, split-mouth clinical trial was performed with 40 
volunteers who required bilateral L3M removal. Patients were allocated depending on the use or not of 100 mg nimesulide 
1 hbefore surgery, as well as the use or not of LLLT in the preoperative period.
Results Pain peaks occurred after 6 h (nimesulide-placebo [N-P] group) and 8 h (nimesulide group). In the N-P group, LLLT 
resulted in significantly lower mean pain scores than the subgroup without LLLT after 4 h (p = 0.009) and 6 h (p = 0.048). As 
for edema, a shorter distance between the mandibular angle and the outer canthus of the eyes after 7 days (p = 0.037) and a 
smaller cumulative effect (p = 0.036) were observed in the N-P group associated with LLLT. A direct effect between LLLT 
(p = 0.047) and a reduction in the mean scores of overall dissatisfaction with quality of life was detected.
Conclusions Preemptive use of nimesulide only delayed peak pain. LLLT reduced edema, trismus, and contributed to a 
better perception of quality of life. Nimesulide inhibits peroxidation by increasing GSH and stopping neutrophil migration. 
The benefit of the association of both strategies was not superior to the use of LLLT alone.
Clinical relevance Translational study with impact on clinical-surgical protocols involving L3M surgery related to pharma-
cological and non-pharmacological methods.
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Introduction

Mandibular third molar surgery can significantly affect 
the quality of life of patients, particularly during the first 
postoperative days because of the pain intensity as well 
as other inflammatory events, prompting many patients 
to resort to analgesic drugs after this surgical procedure 
[1–5]. In this context, clinical trials involving lower third 
molar removal have been considered important clinical 
models to identify adequate preemptive and non-preemp-
tive pharmacological strategies to control postoperative 
inflammatory pain [6–8].

In addition to the use of non-steroidal anti-inflam-
matory drugs (NSAIDs) [1–3, 9], low-level laser (Light 
Amplification by Stimulated Emission of Radiation) 
therapy (LLLT) has been advocated in the modulation of 
inflammatory events resulting from the surgical removal 
of third molars. Photobiomodulation with LLLT promotes 
photochemical, photophysical, and photobiological effects 
through the transformation of photon energy into adeno-
sine triphosphate (ATP) [10, 11]. The cell stimulation 
resulting from this therapy and other interrelated pro-
cesses increases not only mitochondrial ATP production 
but also cell proliferation, which alleviates oxidative stress 
and preserves cellular components, exerting an important 
anti-inflammatory effect [12, 13]. Areas irradiated with 
LLLT increase  O2 consumption, resulting in high rates of 
electron transport, which enhances ATP synthesis by the 
photosensitized cells. Thus, there is an increase in rela-
tive Cytochrome C oxidase (Cox) activity in mitochon-
drial channels [14]. The light-mitochondria interaction 
also increases the production of reactive oxygen species 
(ROS) in the mitochondria. ROS are a result of the univa-
lent reduction of molecular oxygen, generating free radi-
cals with high reactive potential, such as superoxide anion 
and hydrogen peroxide, which can be damaging to cells 
[15]. In addition to the formation of hydroxyl ions, the 
nitrogen-free radical may react with the nitric oxide free 
radical, generating a potentially reactive nitrogen species, 
known as peroxynitrite [10].

Clinical and experimental research on the pathogenesis 
and mediators involved in the pain process has been widely 
developed in the last 20 years. Although some mechanisms 
involved in this process have already been thoroughly 
described, others remain to be elucidated [16–19]. In this 
context, despite being considered of great relevance in 
the modulation of inflammatory events and studied in a 
considerable variety of human diseases [20], oxidative 
stress has not yet been investigated in clinical models of 
preemptive analgesia related to third molars surgery. ROS 
cause tissue changes induced by redox signaling, as well 
as modulate protein metabolism within complex networks 

of kinases, phosphatases, ion channels, and apoptotic cas-
cades [21]. Oxidative stress arises from an imbalance 
between oxidants and antioxidants in favor of oxidant 
molecules, which leads to the interruption of redox sign-
aling and physiological functions as well as irreversible 
chemical changes [22] through the deregulated production 
of various oxidizing agents [20], such as myeloperoxidase 
(MPO), Nitrite/Nitrate, glutathione (GSH), oxidized glu-
tathione (GSSG), and malondialdehyde (MDA).

Petrini et al. investigated LLLT as a preemptive analgesic/
anti-inflammatory strategy in lower third molar surgeries 
[23]. Patients were divided into two groups according to the 
laser therapy protocol (pre-or postoperatively), and it was 
found that preoperative LLLT resulted in better postoperative 
pain control, as well as lower consumption of rescue anal-
gesic medication within the first 24 h after mandibular third 
molar surgery. However, no statistically significant differ-
ence regarding the type of laser therapy protocol was noted 
for edema and trismus occurrence. Landucci et al. reported 
that preemptive LLLT alone was effective in reducing post-
operative discomfort (pain, edema, and trismus) associated 
with third molar extraction [24]. A possible explanation for 
the analgesic effect of LLLT is its ability to modulate various 
signaling pathways and physiological mechanisms involved 
in analgesia, such as increasing β-endorphin levels and 
modulating pain-related biochemicals, including substance 
P, TNF-alpha, and cyclooxygenase-2 [25–27]. Animal stud-
ies indicate that preoperative LLLT may locally act on the 
oxidative stress pathway to prevent ischemic muscle dam-
age, decreasing the re-release of ROS, while increasing the 
levels of antioxidants and heat shock proteins [28].

These data reinforce the importance of carrying out fur-
ther investigations into possible clinical benefits of LLLT 
only or in combination with NSAIDs (such as nimesulide, 
which is commonly studied in third molar clinical trials) 
[1–3, 9] in preemptive strategies for the relief of postopera-
tive inflammatory events (notably pain, edema, and trismus) 
in mandibular third molar surgery. Moreover, it also con-
stitutes a fertile field for translational studies involving the 
evaluation of certain biomarkers of oxidative stress that may 
be involved in the modulation of the inflammatory process 
that follows the local trauma resulting from the removal of 
mandibular third molars, while also allowing for the assess-
ment of the quality of life of patients in the postoperative 
period.

Thus, the aim of this randomized clinical trial was to 
evaluate clinical parameters (pain, edema, and trismus), 
biomarkers of oxidative stress (myeloperoxidase, malonal-
dehyde, and glutathione) and inflammation (total protein 
concentration), and quality of life of patients submitted 
to preemptive analgesic protocols with LLLT and 100 mg 
nimesulide, either used isolated or in combination, after 
mandibular third molar surgery.
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Material and methods

Ethical considerations

This work was carried out in accordance with the Health 
Research Standards of the Federal University of Ceará and 
the Brazilian National Health Council (Resolution n° 466, 
2012). The research protocol was submitted and approved 
by the Human Research Ethics Committee of the Federal 
University of Ceará (Approval number 3,358,496). The 
volunteers of the present study received an informed con-
sent form (ICF), in which the objectives, methodology, 
as well as related risks and benefits were explained, and 
patient confidentiality was guaranteed. Furthermore, the 
statements and guidelines of the Declaration of Helsinki 
were followed and respected.

Study design

A randomized, split-mouth, prospective, triple-blind, con-
trolled, 2 × 2 factorial, analytical clinical trial was per-
formed. This study was registered in the Brazilian Clinical 
Trials Registry (ReBEC) platform (https:// ensai oscli nicos. 
gov. br). The present clinical trial followed the recommen-
dations described in the latest version of the Consolidated 
Standards of Reporting Trials (CONSORT, http:// www. 
conso rt- state ment. org/ exten sions/ check lists).

Participants

Healthy individuals (American Society of Anesthesi-
ologists – ASA I) of both sexes, aged between 18 and 
35 years, with an indication for bilateral third mandibular 
molar removal, whose consent was obtained through an 
IFC were recruited at the Oral Surgery Service of the Den-
tistry Course of the Faculty of Pharmacy, Dentistry, and 
Nursing of the Federal University of Ceará. Further inclu-
sion criteria were (1) unerupted mandibular third molars; 
(2) third molars with similar patterns of root formation 
in panoramic radiographs, similar position, and degree of 
impaction between the right and left sides within the same 
individual.

Volunteers who met at least one of the following cri-
teria were excluded: (1) history of photosensitivity; (2) 
smokers, pregnant, or lactating women; (3) patients 
using medication with drug-drug interaction with drugs 
used in this study; (4) patients with orthodontic bands 
on mandibular second molars; (5) confirmed history of 
NSAID allergy; (6) signs of any preoperative inflamma-
tory or infectious condition; (7) systemic diseases; (8) 

neurological disorders; and (9) volunteers who had used 
any NSAID within a period of up to 21 days before the 
surgical procedure due to the possibility of a residual anti-
inflammatory effect, which could affect the outcomes of 
the present study [3].

An appropriate clinical record was completed at the ini-
tial consultation and during the postoperative periods. In 
addition, biosecurity measures were taken regarding clinical 
signs or symptoms associated with the coronavirus disease 
2019 (SARS-COV-2) [29].

Further exclusion criteria that were considered after 
inclusion in the study were (1) patients who did not fol-
low the postoperative recommendations; (2) whose surgical 
procedure exceeded 2 h; or (3) who did not return for the 
postoperative evaluation consultations.

Interventions

In the consultation before the surgical procedure, data were 
collected regarding sex, age, general health status, blood 
and platelet count, international normalized ratio (INR), and 
fasting blood glucose concentration. A panoramic radio-
graph was also requested, and the following data were col-
lected: degree of tooth development (Nolla stages), degree of 
impaction of the third molars, and their position according to 
the Pell & Gregory and Winter classifications. In addition, 
the Pernambuco index was used to assess the degree of sur-
gical difficulty [30]. This index is based on scores assigned 
to variables related to the Pell & Gregory and Winter clas-
sifications; root curvature; number of roots; and relationship 
to the second molar, in addition to age and body mass index. 
The surgical difficulty is classified as low (8–12 scores), 
moderate (13–17 scores), and high (18–22 scores) [30].

Surgical procedures were scheduled to be performed in 
two separate clinical sessions (one side at a time), with an 
interval of at least 28 days between them [3]. All patients 
underwent a standardized surgical technique supported by 
scientific evidence performed in an outpatient setting under 
local anesthesia. A single oral and maxillofacial surgeon, 
with 3 years of experience in the respective specialty, per-
formed all surgical procedures.

Initially, individuals considered eligible to participate in 
the study were randomly allocated through a list of random 
numbers generated in Microsoft Excel using the randbe-
tween function [3] into four groups depending on the use of 
100 mg nimesulide (N) or not (N-P, placebo) and the asso-
ciation with LLLT (N + LT or N-P + LT) or not (N + LT-P or 
N-P + LT-P), 1 h before the surgical procedure. Considering 
that each patient served as her/his control (split-mouth meth-
odological design) and to ensure a 2 × 2 factorial design, the 
side of the face was also randomized according to the LLLT 
protocol (1 h before the surgical procedure), in which, with 
the patient blindfolded, one side received preemptive LLLT, 

https://ensaiosclinicos.gov.br
https://ensaiosclinicos.gov.br
http://www.consort-statement.org/extensions/checklists
http://www.consort-statement.org/extensions/checklists
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while on the other side the device was turned off. Both the 
nimesulide and the placebo drug were similarly manipulated 
and dispensed in capsules to preserve the study blinding.

In the postoperative period, all volunteers in all study 
groups were assisted with supportive medication. Dipyrone 
(metamizole) at a dose of 500 mg was prescribed at 6-h 
intervals as it has been recommended as a rescue medication 
in similar study designs [31]. All patients were instructed to 
take the rescue medication when pain or local discomfort 
symptoms occurred. Postoperative instructions were also 
carefully read and explained to each patient, including fol-
lowing a liquid and cold diet for the first 24 h, performing 
strict oral hygiene, and avoiding vigorous mouthwash to 
prevent the occurrence of postsurgical hemorrhage. Patients 
were informed that they should initially contact the surgeon 
by telephone in case of persistent bleeding or if they deemed 
it necessary. In addition, patients were also asked to report 
any physical symptoms experienced during the postoperative 
periods of the study, such as nausea, vomiting, dizziness, 
headache, insomnia, and signs of infection. In cases of an 
infectious process, 500 mg amoxicillin would be prescribed 
at 8-h intervals for 7 days, or another more appropriate phar-
macological regimen in case of allergy to this drug. In case 
of a dental abscess, a surgical drainage procedure would be 
performed in association with the drug prescription above.

The LLLT protocol was performed with a low-level 
gallium-aluminum-arsenic (Ga-Al-As) diode laser device 
(Therapy XT®, DMC, São Carlos, São Paulo, Brazil) 
using continuous emission at 100 mW (0.1 W) through a 
600-μm-wide fiber in direct contact with the mucosa or the 
skin [32]. Patients allocated to the LLLT group received 
a total energy of 24  J (3  J per point), an irradiance of 
3537 mW/cm2, and radiant exposure of 106 J/cm2. Four 
intraoral points were irradiated for 30 s: (I) suture region 
(center of the surgical cavity); (II) lingual face (cervical 
third); (III) lingual face (middle third); and (IV) lingual face 
(apical third). Extraorally, four points (30 s each) related to 
the masseter muscle were irradiated: (I) the most inferior 
region of the masseter muscle (near the insertion in the man-
dible); (II) lower intermediate region; (III) upper intermedi-
ate region; and (IV) the superior region (near the insertion 
in the zygomatic arch) [33, 34].

The same surgical protocol was adopted for both sides 
of the mouth to reduce differences in the level of intraop-
erative trauma. Removal of the lower third molars was per-
formed under local anesthesia with 2% mepivacaine and 
1:200,000 epinephrine (Mepivalem AD; Dentsply, USA), 
using a total of two or three cartridges containing 1.8 mL 
of the anesthetic solution. A full-thickness triangular flap 
was performed, followed by peripheral ostectomy using a 
high-speed bur under irrigation with 0.9% saline. Following 
a methodology similar to that of Albuquerque et al. (2017), 
two samples of soft tissue from the distal region of the third 

molar were collected, one obtained after local anesthesia and 
before performing the surgical flap (time 0'), and the other 
30 min (time 30') after the surgical procedure for laboratory 
analysis. The surgical wound was strictly closed with 4–0 
silk sutures. The biological material collected was properly 
packaged in sterile Eppendorf® tubes and stored in a freezer 
at − 80 °C until complete analysis.

Outcomes

The primary outcome of the present study was the occur-
rence of changes in clinical parameters related to inflam-
matory events (pain, swelling, and trismus). Secondary 
outcomes were the occurrence of quantitative changes in 
biomarkers of oxidative stress and inflammation and the 
impact on the quality of life of patients in the postoperative 
period. To measure the outcomes of the present study, the 
following methodologies were used:

Postoperative pain assessment

The occurrence of postoperative pain was evaluated through 
the assessment of pain intensity and the need for rescue 
medication. The volunteers were instructed to use a 10 cm 
visual analog scale (VAS), in which values range from 0 (no 
pain/discomfort) to 10 (maximum pain/discomfort) [1–3]. 
Before the surgical procedure, each patient received expla-
nations on how to indicate pain intensity through the VAS. 
After the surgical procedure, each patient received a form 
to write down the postoperative pain values at home, and 
this document was returned to the researcher on the day of 
suture removal (seventh postoperative day). In this sense, 
the volunteers of this study were asked to inform the pain 
intensity scores in the following postoperative evaluation 
periods: 0 (end of the surgical procedure), 2, 4, 6, 8, 10, 24, 
48, and 72 h, as well as at 7 days. Additionally, the form 
that each patient received contained a dedicated section to 
register the time required to take the first rescue medica-
tion (if necessary) as performed by Costa et al. [1], as well 
as the daily consumption of rescue medication during the 
postoperative period.

Assessment of postoperative edema and trismus

Lines between certain facial points on the operated side were 
drawn to measure edema [1, 3]. The distances were meas-
ured in millimeters from the mandibular angle (MA) to the 
tragus (MA-Tr distance); outer canthus of the eye (MA-OCE 
distance); ala of the nose (MA-AN distance); labial commis-
sure (MA-LC distance); soft pogonion (MA-SP distance). 
The differences between the preoperative and postoperative 
values (24, 72 h, and 7 days) were compared between the 
groups.
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The assessment of mouth opening limitation (trismus) 
was measured through the comparison of maximum mouth 
opening in predetermined periods (24, 72 h, and 7 days) 
among the groups using a digital caliper interposed between 
the incisal edges of the maxillary and mandibular central 
incisors.

Concentration of biomarkers of oxidative stress 
and inflammation

The samples collected at 0 and 30 min after the beginning 
of the surgical procedures were stored in a – 80 °C freezer 
and later processed to evaluate the following biomarkers: 
myeloperoxidase, malonaldehyde, glutathione, and total 
protein concentration.

Myeloperoxidase

Samples were macerated in a homogenizer with 250 μL of 
0.2 M  NaPO4 solution (pH = 4.7). After maceration, the sam-
ples were centrifuged at 3000 rpm for 15 min, and the super-
natant was separated and immediately stored at – 80 °C. A 
lysing solution (1 mL 0.2% NaCl) was added to the pellets 
and vortexed for 30 s. After vortexing, the samples were 
centrifuged again (3000 rpm, 15 min), and the supernatant 
was discarded.

Then, 250 μL of hexadecyltrimethylammonium bromide 
(HTBA) was added to the pellets and the homogenate was 
macerated for 30 s at 4 °C. After the last maceration, the 
suspension was centrifuged at 10,000 rpm for 15 min before 
plating.

Ninety-six-well plates were incubated in duplicate 
with 25  μL of the homogenate and 25  μL of diluent 
(3,3′,5,5′-tetramethylbenzidine,  H2O2, PBS). The reaction 
was halted after 5 min by adding sulfuric acid, and the plates 
were then read in a spectrophotometer (450 nm). Changes in 
absorbance were plotted on a neutrophil standard curve and 
expressed as neutrophils/mg of tissue [35].

Malonaldehyde

The samples were vigorously homogenized and subjected 
to centrifugation processes, and the supernatant was imme-
diately frozen in liquid nitrogen at – 80 °C. Subsequently, 
the samples were brought to room temperature, 100 µL of 
the supernatant was removed, and 4 mL of ice-cold 1.15% 
potassium chloride (KCl) was added so that the sample was 
homogeneous, resulting in a concentrated acid solution.

Aqueous TBA solution (0.6%, 1 mL) and 3 mL 1% phos-
phoric acid  (H3PO4) were added to a 0.5-mL aliquot of the 
sample, and the mixture was placed in a boiling bath, yield-
ing a pink-colored product. Then, 4 mL of n-butanol was 

added, and the mixture was stirred for 2 min followed by 
centrifugation for 10 min at 3000 rpm.

The absorbance of the supernatant was measured in a 
Beckman spectrophotometer (520 nm to 535 nm), measur-
ing the plasma concentration of thiobarbituric acid reactive 
substances (TBARS) in nmol malondialdehyde (MDA)/mL 
[35].

Glutathione dosage (oxidized and reduced forms)

The same supernatant obtained above was brought to room 
temperature, 100 µL was removed, and homogenization was 
carried out in 5 mL of 0.02 M EDTA. Four milliliters of the 
homogenate was mixed with 3.2 mL of distilled water and 
0.8 mL of 50% trichloroacetic acid. The tube was shaken and 
centrifuged at 3000 rpm for 25 min. Then, 4 mL of 0.4 M 
TRIS (pH 8.9) and 0.1 mL of 0.01 M DTNB were added 
to 2 mL of the supernatant. The mixture was shaken and 
homogenized, followed by absorbance reading in a spectro-
photometer at 412 nm. The final concentration of glutathione 
(µmol/mL) was obtained by comparing the absorbance value 
with a standard curve [35].

Total protein concentration

The samples obtained were vigorously homogenized and 
subjected to centrifugation processes, and the supernatant 
was immediately frozen in liquid nitrogen at − 80 °C. Sub-
sequently, 300 µL of 0.85% sodium chloride was added to 
the samples and homogenized in a TissueLyser® for 5 min 
at 50,000 rpm. Then, 200 µL of the supernatant was mixed 
with the reagent, mixed, and kept in a water bath at 37 °C for 
10 min. The absorbance of the supernatant phase was meas-
ured in a Beckman spectrophotometer (530 nm to 550 nm) 
[36].

Quality of life

To assess quality of life, each patient received two question-
naires: (1) one with a more general approach, namely the 
Oral Health Impact Profile (OHIP-14), which focuses mainly 
on negative repercussions; (2) a condition-specific instru-
ment entitled Health-Related Quality of Life (HRQOL) [37]. 
Each patient was required to answer the questionnaires at the 
initial consultation, 24 h after the surgical procedure, and 
7 days after surgery.

The OHIP-14 questionnaire consists of 14 questions dis-
tributed in seven domains. Two questions were applied to 
each of the seven domains (functional limitation, physical 
pain, psychological discomfort, physical disability, psycho-
logical disability, social disability, and handicap). Ques-
tions refer to how often individuals had trouble chewing, 
pronouncing words, felt discomfort while eating, felt tense, 
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worse sense of taste, had to interrupt meals, felt upset or 
embarrassed, avoided going out or solving problems, or were 
unable to work because of dental problems.

Delayed clinical recovery was attributed to patients under 
the following conditions: prescription of antibiotics or other 
analgesics, surgical wound dehiscence, surgical wound 
debridement, or placement of a dressing [38].

Prevalence, recurrence, and severity of scores were calcu-
lated preoperatively and postoperatively according to Shu-
gars et al. [37]. The percentage of volunteers reporting one 
or more items as “occasionally” or “very often” represented 
a measurement of prevalence. An item reported as “fairly 
often” or “very often” was considered clinically important 
and detrimental to the quality of life. In addition, the recur-
rence score of each patient was computed as the number of 
items reported “fairly often” or “very often,” while severity 
was computed as the sum of the OHIP-14 scores, coded as 
never? (0 points), almost never? (1 point), occasionally? (2 
points), fairly often? (3 points), and very often? (4 points).

The HRQOL instrument was used to assess the patients’ 
perception of their recovery in the domains: pain, lifestyle, 
oral function, and other symptoms related to third molar 
extraction [37, 38]. Apart from pain, the results obtained 
were evaluated with a 5-point Likert scale, referring “no 
problems” (1 point) to “a lot of problems” (5 points). The 
means of worst pain levels in the last 24 h were evaluated 
with a 7-point Likert-type scale anchored in the descriptors 
“no pain” (1 point) to “worst imaginable pain” (7 points). 
The patient’s report of the sensory perception of pain and the 
affective impact or displeasure of pain being experienced at 
that time were recorded daily on Gracely scales, in which the 
patient could select 1 of 13 verbal descriptors [39]. Patients 
also recorded whether analgesics or other medications were 
needed for pain relief on each postoperative day.

The HRQOL instrument and the Gracely scale were 
used to determine the percentage of individuals who daily 
reported symptoms with high and low thresholds of sever-
ity. The percentage of patients with Likert-type responses 
being “a little” or “a lot” (4–5 out of 5) for lifestyle, oral 
function, or other symptoms; (5–7 out of 7) for pain; and 
on the Gracely scale affective words such as “very distress-
ing,” “intolerable,” “very intolerable” and sensory words 
“intense,” “very intense,” and “extremely intense” were 
considered clinically important and harmful to the quality 
of life.

At first, the questionnaires were applied by a collaborator 
who did not know the group to which the patient belonged, 
as well as who did not participate in the performance of the 
surgical procedures or the measurement of any other out-
come, thus ensuring the blinding of the study. In addition, 
the collaborator filled in the data obtained in an electronic 
spreadsheet with the groups coded by letters A and B to 
guarantee the blinding of the statistician.

Sample size

Based on the study by Sierra et al. who observed a reduction 
in edema measurements 7 days after the removal of impacted 
third molars using intraoral LLLT compared to a control 
group without LLLT (0.6 ± 0.3 cm versus 1.0 ± 0.4 cm), a 
sample of 17 patients per study group was estimated as nec-
essary to achieve an evaluation with 90% power and 95% 
confidence [40]. Considering the possibility of sample loss, 
10% was added to the sample, totaling 20 patients per study 
group.

Randomization

The randbetween function of the Microsoft Excel® version 
2010 was used to generate the random allocation sequence 
through simple randomization without any restriction. 
Opaque envelopes containing randomization numbers on 
the outside were used to implement the random allocation 
sequence. Once opened, these envelopes showed the surgeon 
the group to which the study volunteer would be allocated. A 
collaborator who did not participate in any other stage of the 
study was responsible for generating the random allocation 
sequence, as well as for properly organizing and distributing 
the participants in the groups.

Blinding

To ensure triple blinding, the patient, researcher, and statisti-
cian were unaware of the group allocation of the volunteers 
[41]. Before the surgical procedures, a list containing the 
random distribution of all surgical sites (right and left sides) 
and respective drugs to be administered were kept in a sealed 
envelope by an external collaborator who was unaware of the 
study protocol until the final analysis of the data. Statistical 
analysis was performed initially with groups coded with the 
letters “A” (group 1) and “B” (group 2), subgroups coded 
with the letters “c” (with LLLT) and “d” (without LLLT). 
The coding system was revealed only after the results were 
computed to guarantee triple blinding.

Statistical methods

The data were tabulated in a spreadsheet on Microsoft 
Excel® (2010) and submitted to statistical analysis using the 
Statistical Package for the Social Sciences (SPSS) software, 
version 20.0 for Windows®.

To verify the normality of the quantitative data, the 
Kolmogorov–Smirnov test was used. This test considers 
the adherence and agreement between the distribution 
of a set of sample values and a specific theoretical ref-
erence distribution; in this case, the normal distribution. 
Data such as pain scales, quality of life, mouth opening 
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limit, and edema measurements were expressed as mean 
and standard deviation values and analyzed using the 
Mann–Whitney and Kruskal Wallis/Dunn tests (for non-
parametric data) or Student’s t test or ANOVA/Bonfer-
roni (for parametric data). For intragroup analysis, Wil-
coxon and Friedman/Dunn tests (nonparametric data) or 
repeated-measures ANOVA/Bonferroni (parametric data) 
were used. Correlation between study variables was per-
formed using Pearson’s (normal distribution) or Spear-
man’s correlation test (non-normal distribution). The 
Kaplan-Meyer method was used to generate an analysis 
of rescue medication consumption. Categorical data were 
expressed as absolute and percentage frequencies and ana-
lyzed using the chi-square test, or Fisher’s exact test in 
case there was any variable with less than 5 measurements.

Finally, the association between the multiple variables 
of the study was evaluated by multiple linear regression 
analysis. The level of statistical significance adopted for 
all tests was 5% (p < 0.05) (Fig. 1).

Results

Sociodemographic profile and sample 
characterization

Five hundred patients were initially screened for the eli-
gibility criteria. Of these, 460 were removed, as detailed 
in Fig. 2. The final sample consisted of 40 volunteers (8 
males and 32 females), totaling 80 surgical sites divided 
into 4 subgroups of 20 surgical procedures. There was no 
sample loss in any of the groups. Most patients were young 
adults with a similar mean age between the study groups 
(80%) (p > 0.05). There were no statistically significant dif-
ferences regarding the sociodemographic profile (Table 1), 
radiographic position of the third molars, mean number of 
anesthetic cartridges used, time, frequency of bone removal, 
surgical difficulty (Pernambuco index), and tooth develop-
ment (Nolla stages) (Table 2).

Pain scores and rescue medication consumption

Postoperative scores were significantly high 2 h after the 
surgical procedure, with intensity peaks after 6 h in the N-P 
group, and 8 h in the N group. Lower mean VAS scores were 
observed when LLLT was used both in the N-P (3.80 ± 2.26) 
and N (2.75 ± 2.71) groups. For N-P patients, a significant 
reduction in pain intensity was observed after 10 h in the 
subgroups with and without LLLT (p < 0.001). In the N 
group, the reduction in pain intensity occurred after seven 
days both in the subgroup without (p = 0.025) and with 
(p = 0.031) LLLT. In the N-P group, mean pain scores 
were significantly lower in the subgroup with LLLT 4 h 
(p = 0.09) and 6 h = 0.048) after tooth extraction compared 
to the subgroup without LLLT, as well as in the cumula-
tive effect throughout the study (p = 0.036). Multifactorial 
analysis revealed that, for patients who received nimesulide, 
pain scores were significantly lower regardless of LLLT 
(p = 0,065) and 4 h after surgery (p = 0.045) (Table 3). There 
was no statistically significant difference between the study 
groups regarding the mean consumption of rescue medica-
tion (p = 0.858) (Fig. 3).

Trismus and facial edema assessment

Both groups showed a significant reduction in the maximum 
mouth opening 24 h after the surgical procedure; however, 
maximum opening values were significantly increased in the 
7-day postoperative period (p < 0.001; Table 4).

As depicted in Table 4, the MA-Tr and MA-OCE meas-
urements showed higher statistically significant values 
24 h after tooth extraction in all study groups. In both the 

Fig. 1  Linear measurements used to assess postoperative edema, 
from the mandibular angle (MA) to (1) tragus (MA-Tr distance), 
(2) outer canthus of the eye (MA-OCE distance), (3) ala of the nose 
(MA-AN distance), 4) labial commissure (MA-LC distance), and (5) 
soft pogonion (MA-SP distance)



 Clinical Oral Investigations

1 3

placebo and nimesulide groups, a significant reduction in 
facial edema occurred within seven days of the surgical 
procedure. The MA-OCE measurement showed lower val-
ues after 7 days (p = 0.037) and a lower cumulative effect 
(p = 0.036) in the placebo group associated with LLLT.

In both study groups, the MA-AN measurement exhib-
ited a statistically significant peak 24 h after surgery and 
up to 7 days after the surgical procedure (Table 4). There 
was no significant reduction in this measurement when 
LLLT was associated with nimesulide; however, a reduc-
tion was observed in the placebo group when LLLT was 
used (24-h postoperative period, p = 0.007; cumulative 
effect of the evaluation periods, p = 0.034).

The MA-LC and MA-SP measurements showed statisti-
cally significant higher values 24 h after tooth extraction 
in all study groups, with a significant reduction in these 
measurements occurring 7 days after the surgical proce-
dure. The isolated or combined use of LLLT and nime-
sulide did not result in a statistically significant reduction 
of these measurements (Table 4).

Concentration of biomarkers of oxidative stress 
and inflammation

The N-P + LT-P (from 182.50 ± 128.60 to 192.50 ± 89.75 mg/
dL, p = 0.841), N-P + LT (from 114.20 ± 50.54 to 
104.70 ± 48.81 mg/dL, p = 0.674) and N + LT groups (from 
182.30 ± 145.60 to 145.80 ± 33.64 mg/dL, p = 0.450) showed 
no significant variation in GSH concentration from T0 to 
T30, respectively. However, the N + LT-P group exhibited a 
significant increase in this biomarker in the evaluated period 
(from 131.70 ± 54.97 to 369.80 ± 195.70 mg/dL, p = 0.009). 
No difference was observed between the four study groups 
at T0 (p = 0.395), whereas at T30 the N + LT-P group had 
significantly higher GSH mean values than the other groups 
(p < 0.001) (Table 5) (Fig. 4).

The myeloperoxidase (MPO) concentration showed 
a significant increase from T0 to T3 in the N-P + LT-P 
(1456 ± 1106 to 10,340 ± 1563 mg/dL, p < 0.001), N-P + LT 
(753.3 ± 263.3 to 1639 ± 235.3 mg/dL, p < 0.001) and N + LT 
(653.3 ± 330.4 to 3014 ± 1173 mg/dL, p < 0.001) groups, 

Fig. 2  Flow diagram of patients recruited according to the CONSORT guidelines
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respectively. No significant variation in MPO was detected 
in the N + LT-P group (888.4 ± 264.3 to 1152 ± 478.8 mg/
dL, p = 0.145). At T0, the four groups did not differ sig-
nificantly (p = 0.052), but at T30 the N-P + LT-P group pre-
sented mean MPO values significantly higher than the other 
groups (p < 0.001) (Table 5; Fig. 5).

Malonaldehyde (MDA) levels showed a significant 
increase from T0 to T30 in the N-P + LT-P (1.13 ± 0.35 
to 5.73 ± 1.01 mg/dL, p < 0.001) and PL (1.56 ± 0.67 to 
2.57 ± 0.81  mg/dL, p = 0.007) groups, with no statisti-
cally significant difference in the N + LT-P (2.45 ± 1.30 to 
1.92 ± 0.48 mg/dL, p = 0.295) and N + LT (3.45 ± 1.96 to 
3.98 ± 1.82 mg/dL, p = 0.555) groups. At T0, the N + LT-P 
and N + LT groups exhibited higher values than the other 
groups (p = 0.001), whereas at T30 the N-P + LT-P group 
showed significantly higher concentration levels than the 
other groups (p < 0.00) (Table 5; Fig. 6).

As for total protein concentration, in the N-P + LT-P 
(p = 0.040), N + LT-P (p < 0.001), and N + LT (p < 0.001) 

groups, there was a significant increase in protein leakage 
from T0 (0.199 ± 0.034, 0.256 ± 0.020, and 0.308 ± 0.028, 
respectively) to T30 (0.473 ± 0.106, 0.493 ± 0.007, and 
0.505 ± 0.017, respectively). In the N + LT-P group, there 
was no significant variation from T0 (0.390 ± 0.102) to 
T30 (0.429 ± 0.05) (p = 0.722). No significant difference 
between the groups at T0 (p = 0.096) and T30 (p = 0.812) 
was detected (Fig. 7).

Impact on oral health‑related quality of life

Table 6 describes the findings related to the scores of the 
OHIP-14 domains according to the evaluation periods of 
the present study. In all study groups, there was a signifi-
cant increase in the mean scores of functional limitation and 
physical pain after 24 h and a reduction after seven days. In 
the N-P group, the use of LLLT was associated with lower 
mean values of functional limitation (p = 0.027), physical 
pain (p = 0.033), and the cumulative effect of these domains 
(p = 0.020 and p = 0.034, respectively). A significant reduc-
tion in psychological discomfort was also observed seven 
days after the surgical procedure in this group. In the N 
group, the domain psychological discomfort did not show 
significant variation in the mean scores over seven days, 
regardless of the association (p = 0.054) or not (p = 0.071) 
with LLLT.

The mean scores regarding physical disability exhibited 
a peak in the evaluated period of 24 h, being significantly 
reduced 7 days after the surgical procedure in all groups. 
No statistically significant difference was observed in the 
comparison between the placebo and nimesulide subgroups.

In both N and N-P groups, the psychological and social 
disability domains showed a significant increase in mean 
scores 24 h after the surgical procedure, followed by a sta-
tistically significant reduction after 7 days. The cumulative 
effect of the scores in both domains exhibited lower values 
when associated with LLLT both in the placebo (p < 0.001) 
and nimesulide (p = 0.037) groups. In the 7-day evaluation 
period, there was a significant reduction in the mean scores 
related to the psychological domain when LLLT was used, 
both in the placebo (p < 0.001) and in the nimesulide group 
(p = 0.037). Regarding the social disability domain, both pla-
cebo and nimesulide groups, when associated with LLLT, 
showed lower mean scores in the evaluation on the 7th day 
compared to the peak observed 24 h after the surgical pro-
cedure (p < 0.001 in both groups).

The handicap scores exhibited a significant increase 
after 24 h and a decrease after 7 days in the N-P subgroups 
(p < 0.05), with no significant variation in the nimesulide 
subgroups in either evaluation period.

Total quality of life scores evidenced a significant 
increase after 24 h and a decrease after 7 days in all groups 

Table 1  Demographic and socioeconomic profile of the sample

* Number of minimum wages (R$1039.00 or equivalent to 
USD$186.47 considering the exchange rate variation for the year 
2021)
a Mann-Whitney test (mean ± SD)
b Fisher’s exact test or Pearson's chi-square test (n, %)

Study groups p value

Placebo (w/or w/o 
LLLT)

Nimesulide (w/or 
w/o LLLT)

Age (years) 21.8 ± 2.6 23.8 ± 3.5 0.063a

Sex
Male 4 (20.0%) 4 (20.0%) 1.000b

Female 16 (80.0%) 16 (80.0%)
Marital status
Married 1 (5.0%) 2 (10.0%) 0.548b

Single 19 (95.0%) 18 (90.0%)
Race
White 8 (40.0%) 8 (40.0%) 1.000b

Black 1 (5.0%) 1 (5.0%)
Mixed-race 11 (55.0%) 11 (55.0%)
Educational level (school years)
 ≤ 8 1 (5.0%) 1 (5.0%) 0.626b

9–11 7 (35.0%) 10 (50.0%)
 ≥ 12 12 (60.0%) 9 (45.0%)
Family income*
 < 1 1 (5.0%) 2 (10.0%) 0.701b

2 10 (50.0%) 7 (35.0%)
3 2 (10.0%) 1 (5.0%)
4 3 (15.0%) 3 (15.0%)
5 3 (15.0%) 3 (15.0%)
 > 5 1 (5.0%) 4 (20.0%)
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in the present study. The use of LLLT in the N-P group 
resulted in lower overall mean scores in the 7-day evalu-
ation compared to the peak observed in the 24-h postop-
erative period (p = 0.039), as well as a lower mean of the 
cumulative effect of these scores (p = 0.024). In addition, 
multifactorial statistical analysis demonstrated a direct 
effect of LLLT (p = 0.047) in reducing the overall mean 
scores for quality of life, regardless of the association with 
nimesulide (p = 0.519), on the evaluation performed seven 
days after third molar surgery.

Discussion

Third molar surgery is generally associated with moder-
ate to severe postoperative pain [42]. The quest to reduce 
the negative impacts on quality of life, with fewer side 
effects in patients undergoing these procedures, has been 
a field of continuous research in Oral and Maxillofacial 
Surgery. In this context, the present study evaluated dif-
ferent preemptive analgesia strategies, including the use 
of LLLT associated or not with nimesulide. The interest 

Table 2  Characterization of 
the third molars extracted and 
surgical aspects among the 
study groups

* Corresponding time from incision to suture. Captions: Pell & Gregory Class I: the crown of the third 
molar, in its mesiodistal diameter, is completely in front of the anterior border of the mandibular ramus; 
Pell & Gregory Class II: the third molar crown is partially within the mandibular ramus; Pell & Gregory 
position A: the occlusal surface of the third molar is in the same occlusal plane as the adjacent second 
molar; Pell & Gregory position B: the occlusal surface of the third molar is between the occlusal plane and 
the cervical line of the adjacent second molar; Pell & Gregory position C: the occlusal surface of the third 
molar is below the cervical line of the adjacent second molar
a p < 0.05, Fisher’s exact test or Pearson's chi-square test (n, %)
b Wilcoxon test (mean ± SD)

Placebo p value Nimesulide p value

w/o LLLT w/ LLLT w/o LLLT w/ LLLT

Eruption status
Fully erupted 0 (0.0%) 0 (0.0%) 1.000a 1 (5.0%) 1 (5.0%) 0.762a

Impacted 10 (100.0%) 20 (100.0%) 19 (95.0%) 19 (95.0%)
Ramus relationship
Class I 0 (0.0%) 0 (0.0%) 1.000a 2 (10.0%) 2 (10.0%) 1.000a

Class II 20 (100.0%) 20 (100.0%) 18 (90.0%) 18 (90.0%)
Relationship to the second molar
A 0 (0.0%) 0 (0.0%) 1.000a 2 (10.0%) 2 (10.0%) 1.000a

B 20 (100.0%) 20 (100.0%) 17 (85.0%) 17 (85.0%)
C 0 (0.0%) 0 (0.0%) 1 (5.0%) 1 (5.0%)
Angulation
Horizontal 0 (0.0%) 1 (5.0%) 1.000a 6 (30.0%) 8 (40.0%) 0.766a

Vertical 20 (100.0%) 19 (95.0%) 11 (55.0%) 10 (50.0%)
Mesioangular 0 (0.0%) 0 (0.0%) 3 (15.0%) 2 (10.0%)
Proximity to the inferior alveolar nerve
Absent 20 (100.0%) 20 (100.0%) 1.000a 14 (70.0%) 15 (75.0%) 1.000a

Root darkening 0 (0.0%) 0 (0.0%) 6 (30.0%) 5 (25.0%)
Surgical aspects
Number of anesthetic 

cartridges used
2.0 ± 0.0 2.0 ± 0.0 1.000b 2.1 ± 0.2 2.0 ± 0.0 0.317b

Surgical time (minutes)* 5.9 ± 3.8 5.33 ± 3.79 0.081b 10.0 ± 6.2 11.6 ± 7.2 0.235b

Bone sectioning 5 (25.0%) 3 (15.0%) 0.695a 12 (60.0%) 14 (70.0%) 0.741a

Pernambuco index
Values (scores) 12.33 ± 0.5 13.26 ± 2.6 0.628a 12.33 ± 0.5 13.26 ± 2.6 0.628a

Nolla stages
10 13 (65.0%) 18 (90.0%) 0.149 a 13 (65.0%) 18 (90.0%) 0.149 a

9 6 (30.0%) 2 (10.0%) 0.149 a 6 (30.0%) 2 (10.0%)
8 1 (5.0%) 0 (0.0%) 0.149 a 1 (5.0%) 0 (0.0%)
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in this therapeutic protocol is based on the hypothesis that 
the preoperative administration of an anti-inflammatory 
drug can reduce the severity of pain resulting from the 
surgical procedure for the removal of third molars or even 
prevent the establishment of postoperative pain [1]. To 
the best of our knowledge, this therapeutic protocol has 
not been explored in other clinical studies on third molar 
surgery, which reinforces its importance in bringing new 
results to the scientific literature.

As noted in a recent systematic review with meta-anal-
ysis published by the present research group [9], preemp-
tively administered NSAIDs are important interventions in 
the management of inflammatory events after lower third 
molar extraction, and a wide variety of drugs that affect the 
COX pathway could be used for this purpose. For the pre-
sent study, the efficacy of nimesulide administered orally 
1 h before the surgical procedure, alone or associated with 
LLLT, was evaluated, as this drug has already demonstrated 
modulation of postoperative inflammatory events related to 
the extraction of third molars [2, 43, 44]. Our methodologi-
cal design has an unprecedented approach, being directly 

related to the need for well-established clinical-surgical pro-
tocols regarding the central theme of this study.

From a methodological perspective, this surgical proce-
dure was chosen because it is one of the best clinical models 
for studying inflammatory pain, as observed in the rand-
omized clinical trial by Albuquerque et al. [3]. This model 
generally allows for a more homogeneous sample by includ-
ing young and healthy individuals while using a standard-
ized surgical technique [42]. Another methodological aspect 
that supports these results is the fact that its split-mouth 
design allows the evaluation of radiographically similar sur-
gical sites in terms of root formation and position/degree of 
tooth impaction in the same individual, in addition to being 
a methodological approach in which the individual is his 
control for the perception of postoperative pain [45]. Added 
to these aspects, the degree of surgical difficulty using the 
Pernambuco index showed that the operative trauma was 
similar among the groups, with the same degree of difficulty 
for both sides, which reduces the occurrence of bias in the 
results observed.

The findings of the present study demonstrated that the 
use of nimesulide delayed the peak of pain compared to the 

Table 3  Mean ± SD of VAS scores related to pain and rescue medication consumption among the study groups

Entries in bold refer to data that obtained a statistically significant p value
* p < 0.05 versus baseline; †p < 0.05 versus peak; **mean number of pills taken over the study evaluation periods
a Paired t test
b Wilcoxon test
c Repeated-measures-1-way-ANOVA/Bonferroni test
d Friedman/Dunn test
e LLLT factor of the repeated-measures-2-way-ANOVA/Bonferroni test
f Nimesulide factor of the repeated-measures-1-way-ANOVA/Bonferroni test
g ANOVA-1-way/Bonferroni test
h Kruskal-Wallis/Dunn test
α Immediately before anesthesia

Placebo p value Nimesulide p value Multifactorial analysis p value

w/o LLLT w/ LLLT w/o LLLT w/ LLLT LLLT Nimesulide

VAS
0  hα 0.10 ± 0.31 0.10 ± 0.45 1.000b 0.25 ± 0.72 0.45 ± 1.39 0.541b 0.547e 0.457f 0.671 h

2 h 2.75 ± 1.89* 2.45 ± 2.86* 0.584b 2.55 ± 2.42* 3.00 ± 2.70* 0.513b 0.863e 0.390f 0.754 h

4 h 4.40 ± 2.19* 3.25 ± 2.12* 0.009b 2.45 ± 2.35* 2.50 ± 1.99* 0.908b 0.065e 0.045f 0.021 h

6 h 4.65 ± 2.21* 3.80 ± 2.26* 0.048b 2.70 ± 2.49* 2.65 ± 2.01* 0.909b 0.137e 0.185f 0.017 h

8 h 3.60 ± 2.30* 3.20 ± 1.82* 0.504b 3.00 ± 2.60* 2.75 ± 2.71* 0.480b 0.346e 0.827f 0.370 h

10 h 3.10 ± 2.25*† 2.60 ± 1.82*† 0.242b 2.90 ± 2.49* 2.35 ± 2.11* 0.242b 0.096e 0.936f 0.795 h

1 day 2.30 ± 1.66*† 1.90 ± 1.45*† 0.163b 2.30 ± 2.58* 2.20 ± 2.53 0.881b 0.487e 0.676f 0.855 h

3 days 1.40 ± 1.43*† 1.20 ± 1.47† 0.577b 1.15 ± 1.53 1.25 ± 1.92 0.858b 0.879e 0.650f 0.651 h

7 days 0.35 ± 0.93† 0.25 ± 0.64† 0.705b 0.70 ± 1.66† 0.65 ± 1.84† 0.897b 0.747e 0.914f 0.951 h

p value  < 0.001d 0.001d 0.025d 0.031d

Cumulative effect 2.52 ± 1.28 2.08 ± 1.28 0.036a 2.00 ± 1.67 1.98 ± 1.49 0.943a 0.214e 0.289f 0.441 h

Rescue medication 
consupmtion**

0.85 ± 0.99 1.00 ± 1.30 0.625a 1.40 ± 1.54 1.10 ± 1.33 0.445a 0.761e 0.363f 0.340 h
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placebo group (8 and 6 h, respectively). In part, this finding 
can be explained by the pharmacological properties of nime-
sulide, which has a short half-life but displays a rapid onset 
of action (15 min on average) [31]. This mechanism leads 
to a faster reduction in peripheral and central nociception, 
secondary to a reduction in the sensory influx of nocicep-
tive input from the peripheral to the central nervous system, 
which is a characteristic of NSAIDs. In the present study, 
mean pain scores were significantly increased 2 h after the 
surgical procedure in both N and N-P groups. The peak of 
pain after third molar surgery usually occurs within a period 
of 12 h [46], with some authors reporting specific peaks 5 h 
[47] and 6 h after the surgical intervention [48, 49].

In the nimesulide group, multifactorial statistical analysis 
demonstrated that this NSAID, regardless of whether LLLT 
was used or not, significantly reduced mean pain scores after 
4 h. However, it is necessary to underline that the use of 
LLLT proved to be clinically beneficial, as the mean VAS 
scores were statistically lower in the subgroup treated with 
LLLT. These findings are supported by the study by Kah-
raman et al., who demonstrated that LLLT preemptively 
used in third molar surgeries, intraorally and near the surgi-
cal sites, caused a reduction in pain scores compared to an 
extraoral protocol (transcutaneous), promoting a reduction 
in the use of medication by patients [33].

The mean VAS scores in the nimesulide group treated 
with LLLT were lower than those in the placebo group with 

LLLT, and when the subgroups of the nimesulide group 
were compared, the association with LLLT did not signifi-
cantly reduce the mean pain scores. This fact may reflect 
a competition for site of action between the LLLT and the 
NSAID. In this context, it can be speculated that the preemp-
tive administration of nimesulide (1 h before the surgical 
procedure) has modulated the action of the LLLT, which 
would partially justify the results observed. In a systematic 
review, findings from four animal studies showed that there 
were no superior results when NSAIDs and LLLT were com-
bined. This evidence derives from preclinical studies and 
suggests that LLLT can modulate inflammatory biochemical 
markers and produce local anti-inflammatory effects in cells 
and soft tissues, acting on COX-2 pathways similarly to what 
occurs with the use of NSAIDs. [50]. However, the scientific 
literature still lacks well-designed clinical trials that pro-
vide better explanations regarding the action of LLLT con-
comitantly with the administration of NSAIDs and possible 
competition for the site of action between these therapeutic 
approaches.

Petrini et al. [23] and Koszowski et al. [51] reported that 
the use of preemptive and preventive LLLT was effective in 
reducing the perception of pain and edema by patients in the 
LLLT group in the first 24-postoperative hours. The effect 
of LLLT in reducing postoperative inflammatory events has 
been considered a direct consequence of the activation of 
lymphatic flow and blood supply, characterized by the rapid 

Fig. 3  Pain scale measurements 
throughout the postopera-
tive period. Data expressed as 
Mean ± SD
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Table 4  Characterization of variables related to inflammatory events in each study group

Entries in bold refer to data that obtained a statistically significant p value
* p < 0.05 versus baseline; †p < 0.05 versus peak; Mean ± SD
a Paired t test
b Repetead-measures-1-way ANOVA/Bonferroni test
c LLLT factor of the repeated-measures-2-way-ANOVA/Bonferroni test
d Nimesulide factor of the repeated-measures-1-way -ANOVA/Bonferroni test
e One-way ANOVA/Bonferroni Test
f Kruskal-Wallis/Dunn Test
α immediately before anesthesia

Placebo p value Nimesulide p value Multifactorial analysis

w/o  LLLTA w/  LLLTB w/o  LLLTC w/  LLLTD LLLT Nimesulide

Mouth Opening (mm)
Initialα 49.05 ± 8.04 48.25 ± 6.84 0.389a 48.39 ± 8.49 49.55 ± 7.27 0.142a 0.762e 0.106f

24 h 34.35 ± 12.38* 33.90 ± 10.89* 0.758a 30.20 ± 13.82* 29.65 ± 11.52* 0.795a 0.696e 0.969f

72 h 35.70 ± 10.75* 35.55 ± 10.16* 0.921a 34.55 ± 13.95*† 33.00 ± 11.67* 0.390a 0.465e 0.547f

7 days 43.25 ± 9.74*† 42.45 ± 9.94*† 0.655a 41.60 ± 10.47*† 40.60 ± 9.49*† 0.594a 0.485e 0.938f

p value  < 0.001c  < 0.001c  < 0.001c  < 0.001c

Cumulative effect 40.68 ± 9.31 40.03 ± 8.35 0.615a 38.68 ± 11.06 38.20 ± 8.81 0.693a 0.526e 0.698f

MA-Tr (mm)
Initialα 5.76 ± 0.55 5.58 ± 0.65 0.262a 5.61 ± 0.78 5.65 ± 0.87 0.848a 0.621c 0.418d

24 h 6.67 ± 0.66* 6.41 ± 0.72* 0.105a 6.20 ± 0.99* 6.01 ± 0.78* 0.452a 0.133c 0.828d

72 h 6.75 ± 0.73* 6.43 ± 0.73* 0.115a 6.24 ± 1.11 6.16 ± 1.01 0.783a 0.255c 0.492d

7 days 6.02 ± 0.59*† 5.77 ± 0.68*† 0.151a 5.78 ± 0.70† 5.78 ± 0.86† 0.982a 0.369c 0.388d

p value  < 0.001b  < 0.001b 0.002b 0.018b

Cumulative effect 6.30 ± 0.58 6.05 ± 0.63 0.098a 5.96 ± 0.81 5.90 ± 0.75 0.784a 0.232c 0.455d

MA-OCE (mm)
Initialα 9.18 ± 0.72 8.91 ± 0.53 0.113a 9.36 ± 0.88 9.16 ± 0.75 0.312a 0.071c 0.796d

24 h 10.03 ± 1.00* 9.77 ± 0.83* 0.130a 9.75 ± 0.83* 9.93 ± 0.83* 0.335a 0.752c 0.081d

72 h 10.22 ± 0.93* 9.99 ± 0.92* 0.197a 10.10 ± 0.93* 10.12 ± 0.92* 0.936a 0.490c 0.412d

7 days 9.41 ± 0.69*† 9.11 ± 0.54*† *0.037a 9.45 ± 0.68† 9.34 ± 0.74† 0.590a 0.091c 0.409d

p value  < 0.001b  < 0.001b 0.03b6  < 0.001b

Cumulative effect 9.71 ± 0.79 9.44 ± 0.66 0.036a 9.66 ± 0.65 9.64 ± 0.70 0.877a 0.179c 0.264d

MA-AN (mm)
Initialα 9.53 ± 0.53 9.35 ± 0.62 0.365a 9.83 ± 0.74 9.75 ± 0.69 0.710a 0.374c 0.740d

24 h 10.75 ± 0.86* 10.18 ± 0.87* 0.007a 10.77 ± 0.82* 10.96 ± 0.92* 0.527a 0.301c 0.039d

72 h 10.79 ± 0.77* 10.42 ± 0.90* 0.131a 11.17 ± 0.86* 10.90 ± 0.89* 0.282a 0.066c 0.766d

7 days 9.83 ± 0.58*† 9.53 ± 0.67*† 0.120a 9.99 ± 0.71† 9.88 ± 0.67*† 0.587a 0.143c 0.509d

p value  < 0.001b  < 0.001b  < 0.001b 0.001b

Cumulative effect 10.22 ± 0.60 9.87 ± 0.71 0.034a 10.44 ± 0.65 10.37 ± 0.62 0.759a 0.143c 0.314d

MA-LC (mm)
Initialα 7.44 ± 0.73 7.44 ± 0.75 1.000a 8.07 ± 0.99 7.90 ± 0.86 0.566a 0.634c 0.634d

24 h 8.73 ± 0.87* 8.42 ± 0.95* 0.143a 9.10 ± 0.92* 9.17 ± 0.94* 0.752a 0.459c 0.224d

72 h 8.87 ± 0.82* 8.75 ± 0.96* 0.597a 9.08 ± 0.85* 9.10 ± 0.82* 0.943a 0.772c 0.689d

7 days 7.70 ± 0.85*† 7.64 ± 0.79*† 0.793a 8.19 ± 0.93*† 8.15 ± 0.77*† 0.879a 0.776c 0.964d

p value  < 0.001b  < 0.001b 0.001b 0.001b

Cumulative effect 8.18 ± 0.67 8.06 ± 0.78 0.502a 8.61 ± 0.78 8.58 ± 0.66 0.904a 0.614c 0.756d

MA-SP (mm)
Initialα 9.59 ± 0.76 9.43 ± 0.81 0.328a 9.92 ± 0.97 9.77 ± 0.77 0.541a 0.283c 0.994d

24 h 10.68 ± 1.05* 10.38 ± 0.88* 0.153a 11.19 ± 1.07* 11.15 ± 1.29* 0.917a 0.387c 0.492d

72 h 10.83 ± 1.02* 10.57 ± 0.93* 0.284a 11.29 ± 1.12* 11.09 ± 1.21* 0.513a 0.239c 0.897d

7 days 9.86 ± 0.83*† 9.59 ± 0.80*† 0.100a 9.68 ± 2.27*† 10.00 ± 0.80*† 0.591a 0.940c 0.334d

p value  < 0.001b  < 0.001b  < 0.001b  < 0.001b

Cumulative effect 10.24 ± 0.78 9.99 ± 0.80 0.124a 10.52 ± 1.04 10.50 ± 0.76 0.950a 0.407c 0.471d

Total cumulative effect 8.93 ± 0.55 8.68 ± 0.54 0.034a 9.04 ± 0.56 9.00 ± 0.56 0.782a 0.113c 0.246d
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increase in the number and diameter of capillaries in the ini-
tial hours until the peak in the twelfth hour and subsequent 
decrease to baseline values [52]. In addition, the analgesic 
effect of LLLT can also be explained by its ability to modu-
late various signaling pathways and physiological mecha-
nisms involved in analgesia, such as increasing β-endorphin 
levels and influencing the production of substance P, tumor 
necrosis factor- α, and COX-2 [27]. Another aspect related to 
pain assessment was the consumption of rescue medication, 
which did not show a statistically significant difference when 
the study groups were evaluated.

As varying degrees of pain, edema, and trismus can be 
found in virtually all patients undergoing third molar surgery 
recovery, this surgical procedure has been chosen to assess 
the effects of LLLT on the inflammatory process related to 
bone and connective tissues as well as mastication muscles 
[32]. The irradiation protocol used in the present study was 
developed based on intraoral and extraoral points similarly 
used in the studies by Kahraman et al. [33] and Raiesian 
et al. [34], who reported favorable postsurgical clinical out-
comes (pain, edema, and trismus).

The total cumulative effect of linear facial measurements 
showed that LLLT in the placebo group significantly reduced 
edema; however, this finding was not observed in the nime-
sulide group. Previous studies demonstrated that nimesulide 
did not present favorable clinical results regarding the reduc-
tion of edema and trismus [31]. Thus, the isolated action of 
LLLT was the main responsible for this clinical outcome. 
A study by Eshghpour et al. corroborates this hypothesis, 
demonstrating that the isolated use of LLLT with varying 
frequencies of red and infrared light generated better clini-
cal results regarding pain and edema compared to the pla-
cebo group [53]. In addition, both study groups showed a 
significant reduction in the maximum mouth opening 24 h 
after the surgical procedure, with a significant increase in 

this parameter in the 7-day postoperative evaluation period. 
The studies by De Menezes and Cury [54] and Pouchain 
et al. [2] corroborate our findings, which evidenced a sig-
nificant improvement in mouth opening values only 72 h 
after surgery.

Wang et al. reported an increase in GSH levels when 
NSAIDs were used [55], and the increase in GSH observed 
in the N + LT-P group of this study corroborates this finding. 
The increased GSH levels caused by nimesulide might affect 
the migration of neutrophils to the inflammation site, reduc-
ing the amount of MPO. MPO levels were reduced in all 
groups in this study, corroborating the findings by Pravalika 
et al. [56], who demonstrated the reduction of GSH levels 
through the expression of MPO, revealing an inversely pro-
portional effect between GSH and MPO levels.

MDA levels increased in all groups, except for the 
N + LT-P group, which might be related to the fact that MDA 
is a result of peroxidation and oxidative stress [57]. As an 
NSAID, nimesulide inhibits peroxidation by increasing GSH 
levels while also reducing neutrophil migration (MPO), 
which could be responsible for the decrease in peroxida-
tion seen in the N-P + LT-P and N-P + LT groups. Moreover, 
nimesulide also plays a role in the concentration of inflam-
matory biomarkers, which may help explain the increase 
in GSH concentration observed in the N + LT group. On 
the other hand, LLLT was not capable of blocking the per-
oxidation pathway nor contributed to the nimesulide effect, 
reinforcing the clinical finding that the overlap of these two 
treatments does not bring significant clinical benefit.

As for total protein concentration, in the N-P + LT-P, 
N + LT-P, and N + LT groups, a significant increase in 
protein leakage between T0 and T30 was detected. In the 
N + LT-P group, there was no significant variation from 
T0 to T30, that is, nimesulide alone was able to reduce the 
degree of inflammation (edema), resulting in less pain from 
a clinical point of view.

The overall quality of life scores was significantly high 
after 24 h, decreasing 7 days after the surgical procedure in 
both groups of the present study. The use of LLLT in the 
N-P group resulted in lower overall dissatisfaction at the 
7th-day evaluation compared to the peak observed in the 
24-h postoperative period, being statistically significant, as 
well as lower mean cumulative effect scores. In addition, 
multifactorial statistical analysis showed a direct effect of 
LLLT in reducing overall dissatisfaction with their quality 
of life regardless of the association with nimesulide 7 days 
after third molar removal. Thus, it was demonstrated that the 
reduction of pain perception with LLLT promoted a better 
quality of life through the modulation of various signaling 
pathways and physiological mechanisms involved in anal-
gesia [44]. The study by Kazancioglu et al. corroborated 
these findings, as it showed that analgesic therapies posi-
tively affected the results of the OHIP-14 questionnaire, with 

Fig. 7  Total protein concentration by group and surgical time
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Table 6  Quality of life characterization in each study group

Placebo p value Nimesulide p value Multifactorial analysis

w/o  LLLTA w/  LLLTB w/o  LLLC w/  LLLTD LLLT Nimesulide

Functional limitation
Initialα 0.65 ± 1.27 0.50 ± 0.95 0.625a 1.05 ± 1.76 0.80 ± 1.15 0.566a 0.450c 0.850d

24 h 3.90 ± 2.47* 3.05 ± 2.46* 0.235a 3.55 ± 2.06* 3.25 ± 1.86* 0.594a 0.202c 0.539d

7 dys 1.60 ± 2.54† 0.60 ± 0.94† 0.027a 2.35 ± 2.08† 2.45 ± 2.31† 0.881a 0.280c 0.188d

p value  < 0.001b 0.001b  < .001b  < 0.001b

Cumulative effect 2.05 ± 1.61 1.38 ± 1.13 *0.020a 2.32 ± 1.52 2.17 ± 1.33 0.716a 0.099c 0.291d

Physical pain
Initialα 2.55 ± 2.52 2.15 ± 2.01 0.553a 2.65 ± 2.46 3.30 ± 2.11 0.288a 0.780c 0.246d

24 h 4.95 ± 2.19* 4.65 ± 2.54* 0.611a 5.10 ± 1.65* 4.95 ± 2.01* 0.780a 0.570c 0.850d

7 days 2.95 ± 2.70† 1.60 ± 1.50† 0.033a 3.95 ± 2.01† 2.85 ± 2.30† 0.122a 0.010c 0.782d

p value 0.001b  < 0.001b 0.001b 0.001b

Cumulative effect 3.48 ± 1.80 2.80 ± 1.62 *0.034a 3.90 ± 1.62 3.70 ± 1.47 0.669a 0.166c 0.385d

Psychological discomfort
Initialα 2.80 ± 1.91 2.75 ± 2.12 0.932a 3.20 ± 2.48 3.40 ± 2.28 0.727a 0.854c 0.760d

24 h 3.35 ± 2.18* 3.35 ± 2.56* 1.000a 2.30 ± 2.58 2.00 ± 1.78 0.619a 0.736c 0.736d

7 days 1.55 ± 2.09† 1.50 ± 2.12† 0.893a 2.25 ± 2.53 2.05 ± 1.64 0.782a 0.757c 0.853d

p value 0.004b 0.003b 0.071b 0.054b

Cumulative effect 2.57 ± 1.30 2.53 ± 1.85 0.903a 2.58 ± 2.16 2.48 ± 1.41 0.833a 0.806c 0.902d

Physical disability
Initialα 1.70 ± 2.27 0.70 ± 1.59 0.094a 1.80 ± 1.85 1.65 ± 2.06 0.774a 0.141c 0..274d

24 h 4.20 ± 2.46* 3.90 ± 2.13* 0.600a 4.35 ± 2.16* 4.25 ± 2.38* 0.853a 0.609c 0.798d

7 days 1.65 ± 2.30† 1.15 ± 1.98† 0.180a 2.70 ± 2.45† 2.25 ± 1.86† 0.487a 0.200c 0.946d

pvalue 0.001b  < 0.001b 0.003b  < 0.001b

Cumulative effect 2.52 ± 1.44 1.92 ± 1.69 *0.036a 2.95 ± 1.63 2.72 ± 1.49 0.570a 0.093c 0.452d

Psychological disability
Initialα 1.30 ± 1.75 1.65 ± 1.66 0.467a 1.50 ± 1.57 1.80 ± 1.64 0.566a 0.357c 0.943d

24 h 3.25 ± 2.51* 2.65 ± 1.73* 0.319a 2.50 ± 1.99 2.45 ± 1.64* 0.928a 0.422c 0.496d

7 days 1.65 ± 2.11† 0.85 ± 1.27† 0.084a 1.90 ± 1.89 1.60 ± 1.60† 0.570a 0.114c 0.466d

p value 0.012b  < 0.001b 0.092b 0.037b

Cumulative effect 2.07 ± 1.47 1.72 ± 1.18 0.190a 1.97 ± 1.49 1.95 ± 1.34 0.966a 0.437c 0.480d

Social disability
Initialα 0.65 ± 0.93 1.10 ± 1.71 0.225a 1.80 ± 2.24 1.20 ± 1.64 0.254a 0.811c 0.100d

24 h 3.50 ± 2.04* 2.75 ± 1.80* 0.218a 2.50 ± 1.76 2.90 ± 1.52* 0.330a 0.626c 0.114d

7 dys 1.65 ± 2.18† 0.70 ± 1.08† *0.048a 2.10 ± 2.22 1.75 ± 1.59*† 0.557a 0.044c 0.422d

p value  < 0.001b 0.001b 0.561b  < 0.001b

Cumulative effect 1.93 ± 1.33 1.52 ± 1.03 0.118a 2.13 ± 1.58 1.95 ± 1.20 0.600a 0.169c 0.589d

Handicap
Initialα 0.70 ± 1.34 0.75 ± 1.16 0.847a 1.10 ± 1.59 0.90 ± 1.45 0.703a 0.796c 0.667d

24 h 3.00 ± 2.10* 2.90 ± 1.80* 0.850a 2.35 ± 1.90 1.80 ± 1.67 0.270a 0.367c 0.531d

7 days 1.40 ± 2.26† 0.70 ± 1.17† 0.100a 1.55 ± 2.11 1.45 ± 1.70 0.857a 0.247c 0.384d

p value 0.001b  < 0.001b 0.061b 0.082b

Cumulative effect 1.70 ± 1.56 1.45 ± 1.18 0.345a 1.67 ± 1.43 1.38 ± 1.26 0.459a 0.249c 0.942d

OHIP-14
Initialα 10.35 ± 9.62 9.60 ± 8.86 0.772a 13.10 ± 11.13 13.05 ± 9.49 0.986a 0.834c 0.855d

24 h 26.15 ± 13.73* 23.25 ± 12.72* 0.407a 22.65 ± 10.50* 21.60 ± 9.86* 0.689a 0.363c 0.669d

7 days 12.45 ± 14.89† 7.10 ± 8.20† *0.039a 16.80 ± 13.39† 14.40 ± 10.82† 0.539a 0.047c 0.519d

p value  < 0.001b  < 0.001b 0.018b  < 0.001b

Cumulative effect 16.32 ± 9.13 13.32 ± 8.38 *0.024a 17.51 ± 9.68 16.35 ± 7.93 0.639a 0.136c 0.507d
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similar scores during the postoperative period compared to 
the preoperative state [58]. An increase in the mean overall 
OHIP-14 score was observed on the first and third postopera-
tive days. On the seventh postoperative day, the mean scores 
approached preoperative values.

None of the patients evaluated in the present clinical trial 
had adverse effects related to the use of nimesulide dur-
ing the study period, similarly to the studies by Barbalho 
et al. [31], De Menezes and Cury [54], and Da Costa Araújo 
et al. [59]. Several side effects related to nimesulide have 
been reported, such as drowsiness, dizziness, headache, nau-
sea, vomiting, allergy, syncope, and dyspnea. In a review 
of hepatic adverse effects, a greater number and severity 
of hepatotoxic events were observed in patients who used 
nimesulide compared to other NSAIDs [60]. These authors 
reported that the patients most at risk for hepatotoxicity with 
nimesulide were the elderly, females, and those who had 
used the drug for a mean period of 62 days. Factors that may 
explain the absence of self-reported adverse effects related to 
nimesulide intake could have been the age of the volunteers 
recruited for the present study (mean age of approximately 
22 years) and the short period of use of this drug, as simi-
larly reported by Barbalho et al. [31], De Menezes and Cury 
[54], and Da Costa Araújo et al. [59]. Furthermore, there 
were no adverse reactions when using LLLT alone or in 
combination with nimesulide, corroborating previous reports 
in the scientific literature [61].

In addition to the fact that a triple-blind randomized clini-
cal trial was carried out, another relevant aspect of this work 
was its methodological design, which used a two-factor sta-
tistical model to better investigate the outcomes of two study 
groups. According to Richard [62], this approach involves 
testing two or more different interventions in the same group 
simultaneously. For the present work, the chosen factor was 
LLLT. Another benefit of bifactorial designs is the possibil-
ity of minimizing the number of patients needed for a given 
study group. Furthermore, factorial studies can not only 
address more than one question efficiently, as observed in the 
present study, but also increase the power of the sample [62].

In conclusion, the preemptive use of nimesulide delayed 
the peak of pain. LLLT reduced edema and trismus and 

contributed to a better perception of quality of life. Nime-
sulide inhibits peroxidation by increasing GSH levels and 
stopping neutrophil migration (MPO). LLLT did not block 
the peroxidation pathway and did not contribute to the nime-
sulide overall effect, reinforcing the clinical finding that the 
overlap of the two treatments does not bring significant clini-
cal benefit, that is, the benefit of the association of both strat-
egies was not superior to the isolated use of LLLT.
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