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Abstract
Introduction. Trigeminal neuralgia (TN) is a highly prevalent cranial neuropathy, recognized as one of the main chronic orofacial 
neuropathic pain conditions. Low-intensity laser therapy (LILT) has been proposed as an analgesic alternative for treating neuro-
pathic orofacial pain, although studies appear to be limited, without a consensus on dose. The study aim was to describe the 
efficacy of LILT in TN treatment.
Methods. Randomized clinical trials and controlled trials were identified in the PubMed, Scopus, Web of Science, and Science-
Direct databases for May 8, 2021. Three independent researchers reviewed titles and abstracts to determine their eligibility. Risk 
of bias and quality were assessed with the RoB 2 tool (Cochrane) and PEDro scale. Decreased pain was considered the main 
outcome, and changes in the temporomandibular joint range of motion, strength, or disability were secondary outcomes.
Results. The search yielded 1078 articles after eliminating duplicates, reduced to 13 when applying the selection criteria. Nine 
articles were ascribed a low risk of bias or remained without consensus (69.23%), obtaining an average score of 6 (PEDro). 
Thirteen trials showed pain reduction at the end of treatment and in follow-up, although with statistical significance for 8 articles 
only (p < 0.005). A decrease in drug consumption and an increase in serotonin levels were observed in experimental groups, 
which supports the systemic analgesic effects of local and remote LILT.
Conclusions. LILT is effective in reducing pain in TN. However, more research is needed to establish a referential dose consensus 
for TN and other neuropathic pain conditions.
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Introduction

Chronic pain is a frequent medical consultation, standing 
out as one of the main causes of disability in the adult popu-
lation, with a prevalence of 16–70% [1–2]. Chronic pain, per-
sisting for more than 3 months despite medication or treat-
ment, is associated with high drug dependence, anxiety, 
depression, poor quality of life, and limitations in daily living 
activities [2–5].

Neuropathic pain is a chronic pain condition resulting from 
lesions or diseases of central or peripheral nervous system. 
In some cases, it manifests without nociceptor stimulation 
or a nerve lesion [6, 7]. The updated definitions recognize it 
as any pain caused by a lesion or disease of the somatosen-
sory nervous system, a conceptualization based on its patho-
physiology and the diversity of diseases with which it is related 
[8–10]. Its prevalence in the population is 7%, affecting 25% 
of diabetics and 35% of patients with a human immunode-
ficiency virus infection [9, 11]. Clinically, neuropathic pain is 
characterized by spontaneous pain (continuous or paroxys-
mal) or pain evoked by peripheral stimulation, associated with 
sensitivity alterations, such as hyperalgesia, allodynia, and 
hypoesthesia, and muscle weakness [12–14].

Trigeminal neuralgia (TN) is a neuropathic orofacial con-
dition aroused by injuries, compressions, or demyelinating 
diseases of the 5th cranial nerve [15–18]. This neuropathy 
affects the adult population with a prevalence of 10–300 per 
100,000 inhabitants [16, 17], with a higher incidence in women 
(2:1 ratio compared with men) aged 50–60 years [16–18]. 

TN manifests as orofacial pain in the distribution of one or 
more trigeminal nerve branches, compromising maxillary 
(V2) and mandibular (V3) nerves in 65% of cases [19, 20]. 
TN is clinically described as sudden, severe, brief, stabbing 
and recurrent, generally predominantly unilateral pain, and 
classified as type 1 (intermittent) or type 2 (continuous) pain, 
representing different clinical, pathological, and prognostic 
entities [15–21]. TN medical treatment has been oriented 
mainly to its clinical symptoms, including first-line antiepi-
leptic drugs, such as carbamazepine and oxcarbazepine, 
and, as a second option, microvascular decompression sur-
geries, radiosurgery, or nerve blocks in patients resistant to 
drug treatments [22–24]. Although these interventions prove 
to be effective, a 50% relapse has been documented after 
a few months, in addition to adverse effects of medications, 
such as dizziness, nausea, vomiting, or ataxia, or conditions 
where these treatments cannot be applied owing to individual 
contraindications [16, 23–28]. Physical therapy is a non-phar-
macological option for pain management in TN, using such 
modalities as ultrasound, transcutaneous electrical nerve 
stimulation, radiofrequency, transcranial magnetic stimulation 
(TMS), electroacupuncture, or mirror therapy [24, 29–32]. 
Another alternative is low-intensity laser therapy (LILT) or low-
level laser therapy (LLLT), a safe and non-invasive interven-
tion supported by various studies for pain management in 
TN and a variety of orofacial pain disorders [33–37].

LILT is a phototherapy modality that consists of the ap-
plication of low-power non-ionizing electromagnetic radia-
tion (less than 500 mW for a single source: categorized as 
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class IIIb devices) in the spectral band of visible light or infra-
red, used in physical therapy for tissue repair, wound healing, 
and pain reduction [33, 37–42]. Laser production is based 
on the physical phenomenon of stimulated emission of ra-
diation, in which atoms in a medium emit photons when it is 
stimulated by an electrical source [41–43]. Laser energy is 
absorbed by chromophores, that is, molecules or cells that 
absorb light radiation, such as haemoglobin, water, fibro-
blasts, and melanocytes [38, 41–45]. LILT is known as ‘pho-
tobiomodulation’ because its biological effects can be stim-
ulatory or inhibitory, depending on the magnitude of radiated 
energy, but without increasing tissue temperature. LILT is 
commonly generated from gaseous mixtures of helium-neon 
(HeNe; wavelength of 632 nm) or semiconductor diodes of 
arsenide-gallium-aluminum (ArGaAl; wavelength of 630–
950 nm), conditioning different tissues depths depending on 
the wavelength [41–48].

Although the biological effects of LILT are not entirely 
clear, anti-inflammatory and repair responses are based on 
angiogenesis, increased microcirculation, neurogenesis, and 
increased collagen synthesis, while analgesia would be re-
lated to adenosine triphosphate production, increased rest-
ing membrane potential, increased serotonin levels, and 
endogenous opioid peptide release [36, 44–50].

Although the World Association for Laser Therapy sup-
ports the use and dosage of LILT for different clinical condi-
tions, its application for TN or other orofacial pain conditions 
has not been incorporated into the recommendations, even 
though various clinical trials have reported analgesic bene-
fits, supporting LILT as a non-invasive treatment for neuro-
pathic pain without the adverse effects of drugs [22–24, 36, 
50–62]. Thus, the objective of this systematic review was to 
evaluate the existing scientific evidence concerning the ef-
ficacy of LILT in TN management.

Subjects and methods

Study design

This systematic review adheres to the Preferred Reporting 
Items for Systematic Reviews and Meta-Analyses (PRISMA) 
statement (available at http://www.prisma-statement.org) [63]. 
The research was uploaded electronically to the International 
Prospective Register of Systematic Reviews (PROSPERO) 
of the National Institute for Health Research (https://www.
crd.york.ac.uk/prospero) and received the registration num-
ber CRD42021256727.

The systematic review used the PICO acronym (partici-
pants, intervention, comparison, and outcome) to structure 
the research question and search algorithm on the basis of 
the following elements: patients with the diagnosis of TN; 
treated with LILT (LLLT); compared with a control group 
(another treatment, sham application, or placebo); and eval-
uation of pain reduction as the main outcome, and changes 
in function/disability, the temporomandibular joint range of 
motion, muscle strength or electromyographic activity as sec-
ondary outcomes.

Search strategy

A systematic review was carried out considering the elec-
tronic databases of PubMed, Scopus, Web of Science, Scien-
ceDirect, SciELO, and Physiotherapy Evidence Database 
(PEDro), with the last update on May 8, 2021. Keywords were 
chosen from the Medical Subject Headings (MeSH) dictionary 
(https://www.ncbi.nlm.nih.gov/mesh/), used for indexing sci-

entific articles to the PubMed database. The search terms 
included “Neuralgia”, “Trigeminal Neuralgia”, “Trigeminal 
Nerve”, “Lasers”, “Laser Therapy”, and “Low Level Light Ther-
apy” connected through the Boolean operators “OR” and 
“AND”; the following algorithm was obtained: (((“Neural-
gia”) OR (“Trigeminal Neuralgia”)) OR (“Trigeminal Nerve”)) 
AND ((((“Lasers”) OR (“Laser Therapy”)) OR (“Low Level Light 
Therapy”)) OR (“Phototherapy”)).

The searches were downloaded for each database (nbib, 
ris, or ciw formats). The files were analysed with the Rayyan 
tool, developed for the preliminary selection of article ab-
stracts and titles (https://rayyan.qcri.org) [64]. Three inde-
pendent researchers (HD, CF, and MR) analysed article titles 
and abstracts with reference to the selection criteria, classi-
fying them in the categories ‘included,’ ‘possible,’ and ‘ex-
cluded’. In addition, study references were examined, with 
the extraction and revision of their country, author, affiliated 
institutions, and enrolment periods to identify and exclude 
duplicate publications. Articles in the ‘possible’ category were 
reviewed by a researcher team to be included or not in the 
final count. Articles with incomplete abstracts were discarded 
from the analysis and each investigator recorded their ex-
clusion reasons.

For included articles, study objective, PEDro score, par-
ticipants’ demographic data, follow-up sessions, treatment 
protocol, LILT dose, and results in the variables of interest 
were analysed [65, 66].

Selection criteria

The inclusion criteria involved: (1) randomized clinical 
trials or controlled trials; (2) studies in humans; (3) participants 
older than 18 years; (4) articles in the English or Spanish lan-
guage; (5) studies that used LILT or LLLT alone or with an-
other intervention for treatment of TN; and (6) comparison 
with another treatment, sham application, or placebo. The fol-
lowing were excluded: (i) case report studies, systematic re-
views, meta-analyses, and literature reviews; (ii) animal or 
in vitro studies; (iii) reports on LILT in orofacial pain without 
clinical condition specification; (iv) reports on LILT in other 
cranial neuropathies (e.g., facial nerve neuropathy, hypoglos-
sal neuropathy); and (v) studies with incomplete abstracts 
or texts.

Article quality and risk of bias

Article quality was evaluated with the PEDro scale (Co-
hen’s kappa coefficient of 0.5–0.79 for groups of 2 or 3 eval-
uators) [65–67]. Each researcher performed an independent 
assessment, and any disagreements were subsequently dis-
cussed to establish a consensus. Randomized clinical trials 
with scores  5 were classified as ‘low quality,’ while those 
with scores  6 were considered ‘high quality’.

Article risk of bias was assessed with the RoB 2 tool, 
proposed by the Cochrane Collaboration for randomized 
clinical trial analysis in systematic reviews for the following 
domains [68, 69]: (1) bias arising from the randomization 
process; (2) bias due to deviations from the planned interven-
tions; (3) bias due to missing outcome data; (4) outcome 
measurement bias; (5) bias in the reported outcome selec-
tion; and (6) overall article bias. The investigators rated the 
risk of bias for each criterion as high, low, unclear, or no in-
formation if the data provided were not sufficient to decide 
[68–70]. Box and summary plots were constructed with the 
Risk-of-bias Visualization (robvis) tool (https://www.riskof-
bias.info/welcome/robvis-visualization-tool) (see Figure 2) [71]. 
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Studies with 2 or more high risks of bias were considered 
as low quality [72].

Ethical approval
The conducted research is not related to either human or 

animal use.

Results

Search results

The initial search strategy yielded 9970 articles from the 
selected databases (PubMed, n = 212; Scopus, n = 4776; 
Web of Science, n = 42; ScienceDirect, n = 4490; SciELO, 
n = 450). Subsequently, duplicates were eliminated by using 
the Rayyan detection tool [64], and 1078 articles were ob-
tained. The main reasons for exclusion were other treatments 
application, different main outcome, other types of studies, 
articles in languages other than English or Spanish, and LILT 
applied in cranial neuropathies or orofacial pain other than TN. 
After reviewing titles and abstracts, 21 articles were rated 
between ‘possible’ and ‘included’ when applying the selec-

tion criteria. The researchers adopted consensus for these 
articles, discarding 8 and finally obtaining 13 for analysis. 
Causes of exclusion were as follows: other reviews (n = 3), 
other interventions (n = 1), and other orofacial pain condi-
tions (n = 4). Figure 1 shows the PRISMA flow chart with 
a summary of the selection results, while Figure 2 presents 
the article risk of bias [63, 71].

Risk of bias and quality

The results show that 23.07% of the articles (n = 3) were 
rated as high risk of bias [56, 58, 59], especially in domains 
1 and 5 for the RoB 2 tool [56–59, 62]. On the other hand, 
7.69% (n = 1) of studies had 2 or more high risks of bias [56], 
while 38.46% (n = 5) presented no risk of bias for any of the 
domains [36, 51, 52, 54, 60].

Table 1 shows the PEDro score for the 13 articles, while 
Table 2 summarizes the characteristics of the study groups, 
treatment sessions, and outcome measures. Internal validity 
implies a high quality for 61.54% of the articles (n = 7) (score 
 6 for the PEDro scale) [36, 52–55, 60–62], with an average 

of 6 points [65, 66].

Figure 1. Flowchart of the studies included in the review in accordance with the PRISMA 2009 guidelines [63, 72]
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Table 1. PEDro scale score of the analysed studies [65, 66]

Clinical  
trial number

Author, year of publication
PEDro scale criteria Total 

score1 2 3 4 5 6 7 8 9 10 11

1 Antonić et al. (2017) [51] 1 0 0 1 0 0 0 1 0 1 1 5

2 Amanat et al. (2013) [52] 1 1 0 1 1 1 1 1 0 1 1 9

3 Aghamohammadi et al. (2012) [53] 1 1 0 1 1 0 1 1 0 1 1 8

4 Hashimoto et al. (1997) [54] 1 1 0 1 1 1 1 1 0 1 1 9

5 Walker et al. (1987) [55] 1 1 0 1 1 0 0 1 0 1 1 7

6 Stefanoff (1990) [56] 1 0 0 1 0 0 0 1 1 0 0 4

7 Seada et al. (2013) [57] 1 1 1 1 0 0 0 1 0 1 1 7

8 Walker (1983) [58] 1 0 0 1 1 1 1 1 0 1 1 8

9 Ebrahimi et al. (2018) [36] 1 1 0 0 1 0 1 0 0 1 1 6

10 Pinheiro et al. (1998) [59] 1 1 0 1 0 0 0 1 0 0 0 4

11 Hansen and Thorøe (1990) [60] 1 1 1 1 1 0 1 1 0 1 1 9

12 Eckerdal and Bastian (1996) [61] 1 1 1 1 1 1 0 1 0 1 0 8

13 Díaz Pérez et al. (2018) [62] 1 0 0 1 0 0 0 1 0 1 1 5

PEDro (Physiotherapy Evidence Database) scale criteria:
(1) The selection criteria were specified.
(2) Subjects were randomized into groups (in a crossover study, subjects were randomized as they received treatments).
(3) The assignment was hidden.
(4) The groups were similar at the beginning in relation to the most important prognostic indicators.
(5) All subjects were blinded.
(6) All therapists who administered the therapy were blinded.
(7) All assessors who measured at least 1 key outcome were blinded.
(8) Measures of at least 1 of the key outcomes were obtained from more than 85% of the subjects initially assigned to the groups.
(9) Results were presented for all subjects who received treatment or were assigned to the control group, or, when this could not be  
the case, data for at least 1 key outcome were analysed by ‘intention to treat’.
(10) Results of statistical comparisons between groups were reported for at least 1 key outcome.
(11) The study provides point and variability measures for at least 1 key outcome.

Figure 2. Studies included in the review 
assessed with the Cochrane risk of bias tool 

RoB 2 and graphed with the robvis tool 
[68–71]
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Study characteristics

Table 2 shows that 7 studies used LILT alone in experi-
mental groups (EG) [51, 54–57, 59, 60, 62], while 4 applied 
LILT and drugs (carbamazepine, oxcarbazepine, barbiturates, 
and ibuprofen) [36, 52, 53, 58, 61] and only 1 utilized LILT and 
trigeminal ganglion block (bupivacaine and methylpredni-
solone) [53]. On the other hand, control groups (CG) received 
treatments with simulated LILT and drugs (n = 4) [36, 52, 
58, 61], isolated simulated laser (n = 3) [53, 55, 60], TMS ap-
plication (n = 1), and trigeminal ganglion block (n = 1) [53, 57], 
while 4 studies did not use CG [51, 56, 59, 62].

The reported number of treatment sessions was in the 
range of 9–12, except for the studies by Seada et al. [57] and 
Walker [58], who applied the highest number of 24 and 30 
sessions, respectively. It should be noted that for most 
studies, 12 sessions were performed with intervals (1–3 times 
a week), except for Antonić et al. [51], who implemented LILT 
5 times a week.

Regarding the place of treatment, 7 articles (53.84%) re-
ported laser application directly on the face [36, 51–53, 59, 62], 
3 (23.07%) on face and mouth (intraoral) [56, 57, 60], and 2 
(15.38%) in extremity peripheral nerves (saphenous, medi-
an, radial, and ulnar nerves) plus temporomandibular joint [58], 
and cervical spine (transverse process of C7) [53]. In addition, 
Stefanoff et al. [56] reported auriculotherapy point application 
(ear) in addition to face and mouth treatment.

Main outcome

Pain intensity was evaluated in all included articles. The 
visual analogue scale (VAS) stands out as the most useful 
instrument (n = 9, 69.23%) applied to assess pain at rest 
[36, 51–55, 60–62], while some studies determined pain re-
duction through self-report (n = 3, 23.07%) [56, 58, 59], weekly 
pain episodes [55], and pain changes with numeric pain 
rating scale (NPRS) [57]. All studies present a decrease in 
pain in EG in relation to the initial evaluation (T0 or baseline), 
except for Aghamohammadi et al. [53] and Walker et al. [55], 
who did not observe pain decrease before treatment for the 
first and second evaluations (T1 and T2), although it was 
lower for subsequent evaluations. Pain reduction was sta-
tistically significant (p < 0.05) in favour of EG when comparing 
the evolution between sessions (intragroup) and with CG 
(intergroup) (n = 8, 61.53%) [36, 51–55, 57, 62]. On the other 
hand, Stefanoff [56], Walker [58], Pinheiro et al. [59], Hansen 
and Thorøe [60], and Eckerdal and Bastian [61] reported pain 
reduction in EG, but without an analysis indicating statistical 
significance for this change.

Only Walker [58] demonstrated secondary effects after 
the application of HeNe LILT, describing an exacerbation of 
symptoms in 1 participant between 3 and 24 hours after treat-
ment.

Secondary outcomes

Secondary outcomes included drug use frequency [53], 
changes in facial skin temperature (thermography) [54], mas-
ticatory muscle electromyographic activity (surface electro-
myography) [57], temporal and masseter muscle tension (ten-
siometer) [57], mouth opening distance [57], and urinary 
5-hydroxyindoleacetic acid (5-HIAA) excretion [58, 60]. Hashi-
moto et al. [54] reported a statistically significant increase 
in face temperature at 15 and 30 minutes when comparing 
the irradiated side before and after laser treatment (p < 0.01) 
and when comparing it with the contralateral half-face (not 

irradiated) (p < 0.05). Seada et al. [57] indicated lower mas-
ticatory muscle tension (p < 0.01) and a greater mouth 
opening (interincisal distance) in EG between evaluation 
sessions (p = 0.014), although when compared with TMS, 
a greater statistically significant improvement was observed 
in favour of CG (p < 0.01). The same study describes a sta-
tistically significant improvement (p = 0.01) in masseter and 
temporal muscle electromyographic activity [57].

Walker [58] and Hansen and Thorøe [60] implied an in-
crease in 5-HIAA excretion at 24 hours in favour of EG be-
tween sessions, although without reporting the statistical 
analysis for the first and with statistically significant changes 
for the second one (p < 0.05).

LILT dosage in included studies

Table 3 shows LILT modalities and dosage. A greater use 
of diode-type lasers was observed (n = 9, 69.23%) [36, 51–54, 
59–62] compared with HeNe (n = 4, 30.76%) [55–58], most 
of these being infrared lasers with wavelengths of 810–980 
nm (n = 10, 76.92%), while 3 studies documented LILT 
HeNe application with a common wavelength of 632 nm [55, 
56, 58]. The studies revealed an output power range of 0.001 
[55, 58] and 0.25 W [53], with 0.03 W as the most widely 
applied power [51, 59–61].

Continuous (100% duty cycle; n = 6, 46.15%) [36, 51, 
53, 56, 59, 61] and pulsed delivery cycles (n = 7, 53.84%) 
[57, 58, 63] were administered, although in 3 studies the per-
centage of pulsed emission cycle was not specified. Given 
the output powers and emission cycles, the irradiance range 
(power density) obtained was 0.3–200 mW/cm2 [36, 60], 
with an average of 64.33 mW/cm2 [36, 60]. Only the studies 
by Stefanoff [56] and Seada et al. [57] coincide in irradiance 
in the range of 150–170 mW/cm2. Regarding fluence (en-
ergy density), various values can be seen, with the range of 
0.02–214 J/cm2 [53, 58], the most common being 3–10 J/cm2 
[51–53, 59, 61]. The output power, irradiance, or fluence val-
ues were not reported in the study by Diaz Pérez et al. [62].

It was found that treatment times per point differed. The 
most frequent time was 20–60 seconds (n = 6, 46.15%) 
[36, 55, 56, 58, 60, 61], and the parameter was not reported 
in 3 articles (23.07%) [53, 59, 62]. The longest irradiation 
time per point was reported by Amanat et al. [52] (300 sec-
onds), while the lowest irradiation times were described by 
Stefanoff [56] and Walker [58], who used 20 seconds. Walker 
[55] was the only one who applied a progressive weekly in-
crease in irradiation time, observing an exacerbation of symp-
toms if treatment started with times of 60 seconds or more.

In most studies (n = 11), the number of pain points treated 
was not specified, except for Seada et al. [57] and Walker 
et al. [55], who applied LILT in 4 and 3 face points, respec-
tively.

The contact application technique was the most used 
(n = 10, 76.92%) [36, 51, 52, 54, 55, 57–60, 62], while 3 trials 
(23.07%) did not report the application technique [53, 56, 61].

Discussion

The purpose of this systematic review was to investigate 
the scientific evidence on the efficacy of LILT as an analgesic 
treatment in TN. The results suggest that LILT is a therapeutic 
option reducing pain in this clinical condition.

This systematic review included 13 clinical trials, showing 
a low risk of bias in 38.46% of the studies (n = 5) [36, 52–54, 
60] and a high risk of bias for 23.07% (n = 3) [56, 58, 59], 
which is an indicator of good methodological quality for 
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5 articles. The main problems in those at a high risk of bias are 
related to their blinding processes (participants and evalu-
ators) and randomization, which constitute an aspect to con-
sider despite the reported analgesic benefits [56–58]. It should 
be noted that 3 of these articles were published in the pre-
vious 10 years, so it is suggested that they be considered as 
the first reference owing to their methodological quality to 
evaluate the benefits of LILT in TN [36, 52, 53]. A statistically 
significant decrease in pain was observed for the 5 studies 
of a low risk of bias in favour of EG [36, 52–54, 60]. Regard-
less of the risk of bias, analgesic benefits of LILT in TN pa-
tients stand out for 100% of the remaining clinical trials (n = 8) 
[51, 55–59, 61, 62], which supports the literature that pro-
motes the efficacy of this treatment in neuropathic pain con-
ditions and other cranial neuropathies [73–76].

For most studies, the systematic review shows direct 
applications on the face, following the painful points in the 
sensitive territories of the trigeminal nerve, especially in the 
V2 branch (n = 11) [36, 51–53, 55–57, 59–62]. This assumes 
that the researchers supported the analgesic effects of LILT 
in relation to local physiological modifications such as in-
creased synthesis of adenosine triphosphate, DNA, and cel-
lular RNA, and increased resting membrane potential of free 
nerve endings, although they should not rule out systemic 
effects such as endogenous opioid peptide release or in-
creased serotonin availability [36, 44–50]. It should be noted 
that the authors of 3 of these trials performed complemen-
tary intraoral treatments [56, 57, 60], trying to approach the 
superior and inferior alveolar nerves with dental applications 
to achieve the same extraoral physiological changes in the 

Table 3. Types of lasers and parameters used in the included studies

Study Laser type Wave-
length

Output 
power

Duty cycle  
(emission  
modality)

Power density 
(irradiance) Energy density

Treatment  
time  

per point

Total energy  
per point

N
um

be
r 

of
 

tr
ea

te
d 

po
in

ts

A
pp

lic
at

io
n 

te
ch

ni
qu

e

Antonić  
et al. (2017) 
[51]

Laser 1:  
ArGaAl diode

Laser 2:  
ArGaAl diode

Laser 1:  
660 nm
Laser 2:  
810 nm

Laser 1:  
0.03 W
Laser 2:  
0.03 W

Laser 1: 100% 
(continuous  
emission)

Laser 2: 100% 
(continuous  
emission)

30 mW/cm2 Laser 1: 3.0 J/cm2

Laser 2: 3.0 J/cm2
Laser 1: 100 s
Laser 2: 100 s

3 J NS Contact

Amanat  
et al. (2013) 
[52]

ArGaAl diode 980 nm 0.012 W 1.2%  
(pulsed  

emission)

120 mW/cm2 3.6 J/cm2 300 s 3.6 J NS Contact

Aghamo-
hammadi  
et al. (2012) 
[53]

ArGa diode 890 nm < 0.25 W 100%  
(continuous  
emission)

NS 3–10 J/cm2 NS NS NS NS

Hashimoto  
et al. (1997)  
[54]

Laser 1:  
ArGaAl diode

Laser 2:  
ArGaAl diode

Laser 1:  
830 nm
Laser 2:  
830 nm

Laser 1:  
0.06 W
Laser 2:  
0.15 W

100%  
(continuous  
emission)

Laser 1:  
60 mW/cm2

Laser 2:  
15 mW/cm2

Laser 1: 85.9 J/cm2

Laser 2: 214.8 J/cm2
180 s Laser 1: 10.8 J

Laser 2: 27 J
NS Contact

Walker  
et al. (1987) 
[55]

HeNe 632.5 nm 0.001 W 50%  
(pulsed  

emission)

10 mW/cm2 1.43 J/cm2 (week 1)
2.14 J/cm2 (week 2)
2.86 J/cm2 (week 3)
4.28 J/cm2 (week 4)

30 s
45 s
60 s
90 s

42.9 J (week 1)
96.4 J (week 2)
171.6 J (week 3)
385.2 J (week 4)

3 Contact

Stefanoff  
(1990) [56]

HeNe 632.8 nm 0.012 W 100%  
(continuous  
emission)

150–170  
mW/cm2

3–5.1 J/cm2 20–30 s 60–153 J NS NS

Seada  
et al. (2013) 
[57]

HeNE 830 nm 0.015 W NS delivery  
cycle (pulsed  

emission)

150–170  
mW/cm2

0.9–2.04 J/cm2 60–120 s 54–244.8 J 4 Contact

Walker  
(1983) [58]

Laser 1: HeNe
Laser 2: HeNe

632 nm 0.001 W NS delivery  
cycle (pulsed  

emission)

1 mW/cm2 Laser 1: 0.02 J/cm2

Laser 2: 0.03 J/cm2
Laser 1: 20 s
Laser 2: 30 s

Laser 1: 0.04 J
Laser 2: 0.09 J

NS Contact

Ebrahimi  
et al. (2018) 
[36]

ArGaAl 810 nm 0.20 W 100%  
(continuous  
emission)

200 mW/cm2 5 J/cm2 25 s 5 J NS Contact

Pinheiro  
et al. (1998) 
[59]

ArGaAl diode  
(cluster)

632.8 nm
670 nm
830 nm

0.003 W
0.005 W
0.040 W

100%  
(continuous  
emission)

3 mW/cm2

5 mW/cm2

40 mW/cm2

0.1–9.6 J/cm2 NS NS NS Contact

Hansen  
and Thorøe  
(1990) [60]

ArGaAl diode 904 nm 0.003 W 0.02–0.2%  
(pulsed  

emission)

0.3 mW/cm2 0.078 J/cm2 60–120 s 4.7–9.4 J NS Contact

Eckerdal  
and Bastian  
(1996) [61]

ArGaAl  
diode laser

832 nm 0.032 W 100%  
(continuous  
emission)

32 mW/cm2 9.2 J/cm2 60 s 552 J NS NS

Díaz Pérez  
et al. (2018)  
[62]

ArGaAl diode 904 nm NS NS delivery  
cycle (pulsed 

emission)

NS NS NS NS NS Contact

ArGaAl – arsenide-gallium-aluminum, ArGa – arsenide-gallium, HeNe – helium-neon, NS – not specified
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V2 and V3 branches that these nerves originate. However, 
even though intraoral applications led to a reduction in pain, 
this was only statistically significant for Seada et al. [57]. Other 
problems for intraoral applications include more stringent 
hygiene protocols (e.g., protection of the probe with a dispos-
able plastic), joint discomfort, or other discomfort from pro-
longed mouth opening while undergoing treatment. Although 
no studies reported details of the intraoral procedure, the 
probe isolation could attenuate the irradiance on target tis-
sues, reducing the effectiveness of LILT, which could be the 
reason for not finding statistical significance in pain decrease 
[56, 57, 60]. Therefore, it is suggested to carry out new tri-
als that would compare extraoral and intraoral techniques 
to assess the real benefits of the latter. On the other hand, 
Hashimoto et al. [54] and Eckerdal and Bastian [61] reported 
LILT application in the 7th cervical vertebra (transverse pro-
cess of C7) and painful points associated with upper cervical 
spine, showing decreased pain, although with statistical sig-
nificance only for the study by Hashimoto et al. [54]. These 
applications would be supported by cervicothoracic ganglia 
irradiation (stellate ganglion, in C7) and upper cervical (levels 
C2 and C3) seeking to improve synaptic transmission and 
decrease the exacerbated sympathetic nerve activity [54, 
61, 77–79]. Although these physiological mechanisms are 
not clear, they may be associated with other systemic effects 
such as opioid peptide release (beta-endorphins) and greater 
serotonin availability [36, 44–50].

In turn, Walker [58] was the only one who reported a LILT 
intervention at the peripheral level in the cutaneous territories 
of saphenous, median, radial, and ulnar nerves, in addition to 
a temporomandibular joint specific application. The author 
sought local and systemic benefits, confirming them with 
a decrease in joint pain and increase in the systemic seroto-
nin level through greater 5-HIAA urine excretion [58, 60, 80].

The number of treated pain spots was reported only by 
Walker [55] and Seada et al. [57], who applied LILT on the 
face in 3 and 4 spots, respectively, showing a significant pain 
reduction. The other articles did not specify the number of 
intervened points. Therefore, a minimum of 3 points can be 
suggested to start treatment, thus agreeing with the World 
Association for Laser Therapy recommendations for the treat-
ment of temporomandibular disorders [44].

The systematic review shows a comparison between 
LILT and a simulated application for 53.8% of trials (n = 7), 
revealing a decrease in pain in both groups for 6 studies, 
although always with statistical significance in favour of LILT 
[36, 52–55, 60, 61]. The possible analgesic effect obtained 
for CG would be supported by placebo mechanisms, al-
though these would be less effective than analgesic effects 
induced by LILT itself [81]. Although LILT and placebo gen-
erate opioid peptide release, the levels of these peptides with 
laser could be higher and bear a more prolonged effect [52, 
60, 81].

It should be noted that 38.46% of the trials (n = 5) used 
a base drug treatment for both comparison groups, which 
included anticonvulsants (n = 4) [36, 52, 53, 58, 61], barbi-
turates (n = 1) [58], trigeminal ganglion block with bupiva-
caine and methylprednisolone (n = 1) [53], and non-steroidal 
anti-inflammatory drugs (ibuprofen) (n = 1) [61]. These drugs 
have different inhibitory effects on the nervous system such 
as calcium channel blockage (anticonvulsants), greater re-
lease of gamma-aminobutyric acid (barbiturates), less mem-
brane sodium permeability (bupivacaine), and anti-inflam-
matory effects (methylprednisolone and ibuprofen) [22–24]. 
The base pharmacological treatment safeguarded bioethi-
cal principles, ensuring that both groups received equally 

effective treatment regardless of the effects of LILT. Likewise, 
the systematic review shows pain reduction in LILT groups, 
which makes it possible to assume additional laser analgesic 
effects beside those obtained with pharmacological treat-
ment [36, 52, 53, 58, 61]. On the other hand, the paper by 
Seada et al. [57] reported the use of TMS as an active com-
parator, standing out as the only one where a physical agent 
for CG was applied. TMS is a non-invasive technique that 
involves the emission of low-frequency magnetic pulses over 
certain areas of the brain; it has been suggested as a treat-
ment for chronic neuropathic pain [82]. Although Seada et al. 
[57] revealed a decrease in pain with statistical significance 
for both groups, greatest reduction was reported for CG 
(p = 0.001), which suggests that both treatments are effec-
tive. Despite this, LILT could be a better therapeutic option 
than TMS as it is less expensive, easier to apply, and more 
widely available, in addition to the fact that discomfort during 
application has been documented for TMS [57, 82].

This systematic review presents VAS as the most widely 
used instrument for assessing changes in pain (n = 9) [36, 
51–55, 60–62]. It is characterized by good psychometric 
properties as validity (r: 0.62–0.91, correlation with NPRS), 
reliability (r: 0.71–0.94, test-retest), sensitivity (0.6), and speci-
ficity (0.74), standing out for pain variation detection in pa-
tients of all ages [83]. Seven of the presented studies showed 
a statistically significant pain reduction as evaluated with 
this instrument in LILT groups [36, 51–55]. On the other hand, 
2 studies assessed self-report pain changes (pain relief or 
not) [56, 58] and Pinheiro et al. [59] rated participants dichoto-
mously into symptomatic and asymptomatic. Although all 
trials determined a pain decrease, it is suggested to consider 
mostly those that used VAS, given its greater objectivity [36, 
51–55, 62].

Two studies considered 5-HIAA excreted in the urine at 
24 hours after LILT in the middle and at the end of treat-
ment as a secondary outcome [58, 60], which is interesting 
because this substance represents serotonin degradation by 
the body. This hormone plays an important role in pain mod-
ulation, and a higher excretion relates to a greater analgesic 
effect of the laser [80]. Although both studies show an in-
crease in 5-HIAA, supporting the systemic effects of LILT, 
this increase was statistically significant only in the paper by 
Hansen and Thorøe [60]; therefore, it is suggested to incor-
porate this outcome measure into new protocols.

All studies reported the number of the treatment sessions, 
with varied ranges between 3 to 30 at intervals [36, 51–62]. 
Although the studies describe analgesic benefits during 
follow-up sessions, pain reduction was observed from the 
2nd week [36, 52, 56, 58, 60]. Interval sessions are highly 
recommended since the average duration of an LILT analge-
sic effect is 9–72 hours; besides, they allow avoiding cumu-
lative results that could lead to a paradoxical effect (Arndt-
Schulz law) [36, 41, 52].

Most trials used an infrared laser (wavelength > 760 nm) 
(n = 10) [36, 51–54, 57, 59–62]. The researchers probably 
chose these wavelengths to ensure a sufficient irradiation 
depth in the target tissues (2 cm for these types of lasers) 
[41–45].

This systematic review shows that LILT is a safe resource, 
without adverse effects and with analgesic benefits. How-
ever, 1 study reported exacerbation of pain for 9–24 hours 
after treatment in 1 participant, despite pain reduction in sub-
sequent sessions [58]. This event could be due to the low 
power used (0.001 W), not reaching the therapeutic dose.

Although the results support the use of LILT, the diversity 
of parameters applied is considered a great limitation. The 
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papers report a wide range of output powers, irradiance (mW), 
fluence (J/cm2), and treatment times (minutes), which makes 
it difficult to recognize a reliable dosage.

However, after analysing the studies, the following can 
be recommended for LILT in TN: diode-type lasers, infrared 
wavelengths, average output powers of 120–170 mW, and 
energy densities of 3–5 J/cm2 for each treatment point, con-
sidering at least 3–4 points.

Finally, it is suggested for future LILT studies in this and 
other areas to clearly inform the LILT parameters, including 
mean powers, energy densities, and the number of points, 
since these variables are determinant for a dosage consen-
sus and comparisons among clinical trials.

Conclusions

LILT is a safe and non-invasive treatment for different 
neuropathic pain disorders, including TN. This systematic 
review indicates that LILT is effective in reducing pain in the 
short and long term in patients with TN, being well tolerated, 
with no reported side effects in the studies analysed. Re-
sults are promising and promote the need to incorporate LILT 
in treatment protocols for TN and other types of orofacial 
pain, minimizing the consumption of medications. In addition, 
LILT shows advantages in the management of TN compared 
with other techniques such as TMS, extracorporeal shock 
waves, or dry needling, given its high availability, low cost, 
easy application, and lower risk than in the case of invasive 
techniques.

However, it is convenient to review the doses used, in-
forming with greater clarity in new studies the mean powers 
(Wm), energy densities (J/cm2), treatment times, and the num-
ber of points, in order to obtain reliable parameters to es-
tablish a dosage consensus. Likewise, this systematic review 
allowed the researchers to establish a dosage recommen-
dation that can be revised and used for further research.
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