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Abstract: Neuropathic pain (NP) can be challenging to treat effectively as analgesic pharmacotherapy
(MED) can reduce pain, but the majority of patients do not experience complete pain relief. Our pilot
approach is to assess the feasibility and efficacy of an evidence-based photobiomodulation (PBM)
intervention protocol. This would be as an alternative to paralleled standard analgesic MED for
modulating NP intensity-related physical function and quality of life (QoL) prospectively in a mixed
neurological primary burning mouth syndrome and oral iatrogenic neuropathy study population
(n = 28). The study group assignments and outcome evaluation strategy/location depended on
the individual patient preferences and convenience rather than on randomisation. Our prospective
parallel study aimed to evaluate the possible pre/post-benefit of PBM and to allow for a first
qualitative comparison with MED, various patient-reported outcome measures (PROMs) based on
Initiative on Methods, Measurement, and Pain Assessment in Clinical Trials (IMMPACT-II) were
used for up to a nine-month follow-up period in both intervention groups (PBM and MED). The
PBM protocol applied to the PBM group was as follows: λ810 nm, 200 mW, 0.088 cm2, 30 s/point,
9 trigger and affected points, twice a week for five consecutive weeks, whereas the MED protocol
followed the National Institute of Clinical Excellence (NICE) guidelines. Our results showed that
despite the severe and persistent nature of the symptoms of 57.50 ± 47.93 months at baseline in the
PBM group, a notably rapid reduction in PISmax on VAS from 7.6 at baseline (T0) to 3.9 at one-month
post-treatment (T3) could be achieved. On the other hand, mean PISmax was only reduced from
8.2 at baseline to 6.8 at T3 in the MED group. Our positive PBM findings furthermore support more
patients’ benefits in improving QoL and functional activities, which were considerably impaired
by NP such as: eating, drinking and tasting, whereas the analgesic medication regimens did not. No
adverse events were observed in both groups. To the best knowledge of the authors, our study is
the first to investigate PBM efficacy as a monotherapy compared to the gold standard analgesic
pharmacotherapy. Our positive data proves statistically significant improvements in patient self-
reported NP, functionality, psychological profile and QoL at mid- and end-treatment, as well as
throughout the follow-up time points (one, three, six and nine months) and sustained up to nine
months in the PBM group, compared to the MED group. Our study, for the first time, proves the
efficacy and safety of PBM as a potent analgesic in oral NP and as a valid alternative to the gold
standard pharmacotherapy approach. Furthermore, we observed long-term pain relief and functional
benefits that indicate that PBM modulates NP pathology in a pro-regenerative manner, presumably
via antioxidant mechanisms.
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1. Introduction

Neuropathic pain (NP) is an altered sensation in the orofacial region [1] due to a
lesion or a disease of the somatosensory nervous system, which interferes with every
social interaction and causes a significant loss of function [2,3]. This can have negative
effects on a patient’s self-image and quality of life (QoL), resulting in a significant negative
psychological effect [4].

Trigeminal nerve (TN) injury following oral surgical interventions is one of the clinical
manifestations of oral NP [5]. Equally, the International Association of Study Pain (IASP)
has identified burning mouth syndrome (BMS), as a “distinctive neuropathic entity” [6]
commonly affecting the anterior two-thirds of the tongue, where the peripheral nerves
are distributed [7,8]. In 2018, the International Headache Society (HIS) has given further
specifications of idiopathic or primary BMS for diagnostic criteria purposes and defined
it as “an intraoral burning or dysaesthetic sensation, recurring daily for more than two
hours per day over more than three months, without evident causative lesions on clinical
examination and investigation” [9]. Although the precise etiopathogenesis remains unclear,
neurophysiological studies have suggested that BMS is neuro-pathogenic in nature, indi-
cating a dysfunction at the peripheral and central reflex arc paths and the processing of
cortical excitation [10,11]. The most accepted theory explains the partial or total loss of
chorda tympani nerve function, resulting in pain along TN pathways, as both taste and
pain systems are regulated by central nervous system interneurons [12,13]. Subsequently, a
cascade of the following molecular and chemical changes occurs: an increase in reactive
oxygen species (ROS), adenosine triphosphate (ATP) production imbalance, cytosolic Ca+2

imbalance mechanism, which can lead to a failure in the Na+/K+ ATPase and in primary
sensory neurons [14]. This may contribute to NP’s ectopic activity characteristic [15,16],
which have both been previously implicated in NP pathogenesis [17,18]. In this context,
BMS is a trigeminal small-fibre sensory neuropathy because of axonal degeneration and a
decrease of epithelial nerve fibres [8,19].

Studies showed that pharmacological and non-pharmacological strategies in NP
management are challenging [20–23]. It is noteworthy that some systematic medications
are effective in the short term but can be associated with major side effects, threatening the
large-scale and long-term applicability [24]. Hence, photobiomodulation (PBM) therapy
could be a promising alternative treatment modality. The photonic energy in PBM is
presumably absorbed within intracellular mitochondria by cytochrome C oxidase, where it
binds to nitric oxide (NO) [25,26] and decouples it in a stressed cell, resulting in measurable
ROS reduction and an ATP production upswing [27]. In nerve cells, this correlates with
reduced pain stimulus conductance based on a plethora of postulated molecular and cellular
modes of action, as well as its obvious experimentally observed analgesic effects [28–32].

The analgesic effect of PBM, however, is primarily due to an increased release of β-
endorphin, serotonin and enkephalins (natural endogenous opioid neuropeptides), acting
to attenuate substance P release, bradykinin, histamine and prostaglandin E2 secretions that
inhibit the afferent pain fibres [33]. By causing reversible changes in membrane permeability,
the therapeutically applied photons furthermore stimulate cell activity and proliferation,
while decreasing C and A delta fibre activity [13,34]. At the supra-cellular level, PBM has
been correlated with increased microcirculation, modulation of neurotransmission and
improved nerve regeneration, numbers of proliferating fibroblasts and macrophages and
a decrease in inflammatory cytokines, amongst others demonstrated by tumour necrosis
factor-alpha (TNF-α) and interleukin-1beta (IL-1β) levels [35–37]. PBM alters the nerve
conduction and excitation in peripheral neurons by its action on the Na+/K+ pump [38],
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resulting in noxious stimuli reduction, through its effects on transient receptor potential
cation channel subfamily V member 1 (TRPV1) and nerve growth factor (NGF) signaling
blockers, decreasing their expressions (blockage of inflammatory thermal hyperalgesia) [39].
Nevertheless, the physiological mechanisms underlying pain reduction after PBM remain
unclear [40]. Figure 1 illustrates the aforementioned mechanisms of action of PBM and
signaling pathways in pain management.

Figure 1. Schematic description of the PBM effects on injured peripheral neurons via its primary,
secondary and tertiary activities. Several signaling pathways are induced by PBM irradiation, in
reducing neuropathic pain and pro-inflammatory cytokines and neurotransmitter mediators. Abbre-
viations: PBM: photobiomodulation; TRPV1: transient receptor potential cation channel subfamily
V member 1; Ca+2: calcium ion; K+1: potassium ion; Na+1: sodium ion; cyt c oxidase: cytostome c
oxidase; CAMP: cyclic adenosine monophosphate, ROS: reactive oxygen species; ATP: adenosine
triphosphate; NO: nitric oxide; AP1: activation protein1; NF-kB: nuclear factor-kappa (Supplementary
File S2).

Although several clinical RCT studies have already documented and provided ev-
idence of PBM effectiveness in reducing NP intensity, improving the functionality and
QoL [35,41–51], the most recent systematic reviews and meta-analyses [52–54] highlighted
a high degree of heterogeneity in these studies with respect to the methodology and laser
protocols used.

Applicability studies that evaluate the acceptance and feasibility of a well-defined PBM
procedure in relation to its efficacy in pain management and improving the functionality
and QoL in patients with chronic orofacial pain are still missing. Such studies are needed in
order to establish standardised PBM for daily practice as a possible alternative or adjuvant
therapy to analgesic medication in outpatient care.

Here, we embraced a prospective pilot approach to assess the feasibility and efficacy
of an evidence-based PBM intervention protocol as an alternative to paralleled standard
analgesic pharmacotherapy for modulating NP intensity, related physical function and
QoL in a mixed primary BMS and oral iatrogenic neuropathy (OIN) study population. To
this end, study group assignments and outcome evaluation strategy/location depended on
the individual patient preferences and convenience rather than on randomisation. It aimed
to evaluate the possible pre/post-benefit of PBM as well as to allow for a first qualitative
comparison with the standard care analgesic medication, various patient-reported outcome
measures (PROMs) were used in this study for up to a nine-month follow-up period in
both intervention groups.
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2. Materials and Methods
2.1. Study Design

A comparative experimental non-randomised intervention clinical study was con-
ducted to evaluate the efficacy of laser-PBM (PBM group), compared to the pharmacother-
apy (MED group) in NP management. The blinding strategies in our study were as follows:
blinding of data collectors and outcome adjudicators. The performer of the laser treatment
is a clinician with a wealth of experience in the fields of laser therapy and pharmacotherapy
of NP. The New Procedure Committee (NPC) at King’s College Hospital NHS Foundation
Trust, London, UK approved the study in utilising laser-PBM (λ810 nm) in treating chronic
NP for BMS and oral iatrogenic nerve injury (OINI) cohort. Informed written consent
was obtained from all the recruited participants, after a full explanation of the proposed
treatments and alternative treatment modalities, in terms of advantages and drawbacks.
The investigations were performed according to the Declaration of Helsinki on Biomedical
Studies Involving Human Subjects. The study protocol was designed using the recommen-
dations of the Consolidated Standards of Reporting Trials (CONSORT) extension statement
for pilot and feasibility trials checklist (CONSORT 2010 Statement: extension to randomised
pilot and feasibility trials [55] and followed their checklist (Supplementary File S1).

The primary objectives were to assess pain modulation and patients’ acceptability of
PBM, related to adverse events and treatment compliance, during the intervention period
and up to nine months of follow-up, as compared to pharmacotherapy that represents the
standard-of-care reference. The secondary objectives were to similarly assess and compare
both groups for taste alteration as well as further functionality problems (FP), psychological
and QoL changes. Moreover, the operator’s reporting of any adverse effects or drop out of
treatment was taken into consideration.

PROMs were utilised in our study to allow the efficacy of the clinical intervention to
be measured from the patients’ perspective as well as the clinical effectiveness and safety
measurements [56,57]. All the evaluation questionnaires used to carry out the data analysis
have fulfilled the outcome domains of the Initiative on Methods, Measurement, and Pain
Assessment in Clinical Trials (IMMPACT) [58].

2.1.1. Patient Cohort

A total of 18 Caucasian subjects (male and female) with various symptoms’ onset
times/durations, ranged between 12–188 months (mean 57.50 months) and a total of
10 Caucasian subjects (male and female) with various symptoms’ onset times/durations,
ranged between 18–63 months (mean 38.90 months) were recruited for PBM group and
MED group, respectively, according to the eligibility criteria. The study cohort had primary
neurological BMS (pnBMS) and OINI [Trigeminal nerve (V3); post-traumatic nerve injury
of the inferior alveolar nerve or lingual nerve]. This cohort had blood tests prior to the
recruitment process to exclude any underlying conditions. These patients were diagnosed
in accordance with the International Classification of Headache Disorders, third edition-
beta (ICHD Beta 3) diagnostic criteria [9] and invited to participate in the PBM study by
letter. The study was conducted and data were collected at the King’s College Hospital
NHS Foundation Trust in London, United Kingdom.

2.1.2. Population (P), Intervention (I), Comparison (C), and Outcome (O)—PICO

P: Adult aged ≥ 18-year-old diagnosed with NP, as a result of pnBMS and OINI (V3),
according to ICHD Beta 3 [9].

I: λ810 nm laser-PBM or pharmacological treatment modality.
C: Pharmacotherapy versus laser-PBM.
O: Patient-self-reported pain, physical and psychological functionality, QoL, any reported

adverse effects and treatment compliance.
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2.1.3. Overall Inclusion and Exclusion Criteria for Both Groups (PBM and MED)
Inclusion Criteria

1. Subjects of both genders aged ≥ 18 years old with ongoing NP diagnosed according
to the ICHD Beta 3 [9].

2. Subjects who were diagnosed with oral iatrogenic neuropathy (OIN) (inferior alveolar
nerve or lingual or mental nerve after any dental interventions (mandibular third
molar surgery or dental implant intervention).

3. Subjects who were diagnosed with pnBMS according to the ICHD Beta 3 BMS (idio-
pathic without clinical or laboratory test abnormalities) [9].

4. Subjects with symptom duration ≥ 3 months with normal appearance of intraoral
mucosa.

5. Subjects with no physiological or systematic conditions, contributing to the pain.
6. Subjects who had never had phototherapy prior to study enrolment.
7. Subjects volunteering to enrol to either: MED or PBM group based on their wish.
8. Subjects willing to participate in the study from the recruitment process to the end of

the protocol.
9. Subjects with controlled systematic diseases with American Society of Anaesthesiolo-

gists (ASA) Classification I, II.

Exclusion Criteria

1. Elicited pain or without pain
2. Subjects with symptoms’ duration < 3 months.
3. Subjects who have BMS due to other underlining conditions [secondary BMS: BMS by

local factors (lfBMS), BMS by systemic factors (sfBMS)].
4. Subjects on medications and whose symptoms were improving.
5. Pregnant and lactating women.
6. Subjects with intraoral mucosal lesions/conditions.
7. Subject with the following neuropathic orofacial pain: Trigeminal neuralgia, glos-

sopharyngeal neuralgia, temporomandibular joint dysfunction syndrome, migraine,
odonatological and head and neck origin.

8. Subjects with systematic diseases/or on medications induce NP.
9. Subjects with neurological disorders or autoimmune disorders.
10. Subjects with parafunctional habits and intra-oral trauma.
11. Subjects with hyposalivation related to Sjogren syndrome (unstimulated saliva pro-

duction ≤ 0.1 millilitres/minute) or any predisposing factors not related to BMS.
12. Subjects who were smokers or had stopped smoking < 6 months prior to enrolling in

the study.

2.1.4. Specific Inclusion Criteria for PBM Group

The study included subjects who have had medications with no symptom’ improve-
ment, and who stopped the medications at least 3 months prior to enrolling in the study.

2.1.5. Treatment Protocols

In the PBM group, the visual analogue scale (VAS) pain score [59] (Figure 2) was
assessed and documented pre-treatment (T0), mid-treatment (T1) and end-treatment (T2)
for all subjects by a self-report form. Then, a follow-up telephone call one-month (T3),
three-months (T4), six-months (T5) and nine-months (T6) after treatment completion was
used for the VAS pain score evaluation. For the MED group allocated patients, the VAS
pain score was assessed at the clinic at T0, T3, T4, T5 and T6.
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Figure 2. Shows the visual analogue scale (VAS) utilised throughout the treatment and follow-up
time points [59].

The FP questionnaire and scoring scale [60] (Table 1) was assessed at T0, T1 and T2 for
all subjects by a self-report form. Then, follow-up telephone calls were conducted at T3,
T4, T5 and T6 after completing the treatment evaluating the FP improvement in the PBM
group, whereas T0, T3, T4, T5 and T6 were based on subjects’ self-reported at the clinic in
the MED group.

Table 1. Functional problems of 15-questionnaires reflect on patients’ affected daily functions. The
scoring of the scale is based level of interface of the function on ranges from 0 = no interference. The
score for each item ranges from 0–5 indicates no interference-tolerable, respectively, whereas from
6–10 indicates intolerable/prevention of a number of activities [60].

Are Your Daily Functions Affected?

Rated on a Scale from:
0: No Interference

10: Complete Interference
Score

Speech

Eating

Drinking

Kissing

Sleeping

Smell

Confidence

Work

Family relationships

Social events

Pronunciation

Taste

Make-up application

Shaving

Brushing teeth

Others (please state)
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In terms of a psychological assessment tool and overall QoL, European QoL Group
(EuroQol) 5 dimensions 5 levels questionnaire (EQ-5D-5L) [61] (Figure 3) was utilised, as it
is a valid and reliable instrumental tool and was administered to all the recruited subjects
at T0, T1 and T2 by a self-report form. Then, follow-up telephone calls at T3, T4, T5 and T6
were conducted after completing the treatment evaluating the QoL measures, whereas in
the MED group the T0, T3, T4, T5 and T6 were based on patients’ self-reported at the clinic.

Figure 3. Shows the European Quality of life (EuroQol) Group, 5 dimension 5 levels (EQ 5D-5L)
questionnaires. Based on combining supplementary measures that all capture aspects related to the
QoL. The EQ-5D-5L questionnaires are based on qualitative and quantitative measures. (A) The
variables’ questions and associated levels. (B) Overall general health percentage [61].

PBM Group Protocol

A total of nine intra-oral trigger and affected points were irradiated (Figure 4A–F)
with λ810 nm at a therapeutic power output of 200 mW [measured by the PM160T-HP
power meter (ThorLabs, Bergkirchen, Germany)] for 30 s per each point in a continuous
emission mode (CW) at a distance < 1 mm from the target tissue (non-contact), twice a
week for five consecutive weeks. The total number of treatments was ten. Table 2 illustrates
the PBM protocol and laser parameters calculations.

A single probe was applied to the target tissue at 90◦ (Figure 4A–F). The total number
of the trigger and affected points was nine and the distribution of these irradiated points
was as follows: three trigger points on the anterior two-thirds of the dorsum of the tongue
(left or right, depending on each patient’s symptoms) (Figure 4A–C), three irradiated points
on the affected areas of the lingual gingivae of the lower posterior teeth along the anatomical
distributions of the V3, lingual nerve and chorda tympani (Figure 4D) and three irradiated
points on the affected area of the ventral surface of the tongue along the distribution of
the lingual nerve and the chorda tympani (Figure 4E,F). It is noteworthy that the chorda
tympani nerve is responsible for taste, which carries pre-synaptic parasympathetic fibres
joining the lingual nerve (branch of V3).
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Figure 4. (A–F) Illustrates the position of the 810 nm laser intraoral single prob applied at 90◦

(perpendicular) with <1 mm distance from the target tissue as well the allocation and number
irradiated points on the trigger and affected points, using “spot technique”. The blue circles illustrate
the number and allocation of the points irradiating the affected areas. Clinical photos (A–C) shows
the following 3 points on the anterior two-thirds of dorsal tongue: anterior (A), middle (B) and
posterior (C) of right side of the dorsal tongue; clinical photo (D) shows the distribution of 3 points
on the affected areas along the distribution of the inferior alveolar nerve and lingual nerve along
chorda tympani nerve (sensory branch of the facial nerve); photos (E,F) illustrate the application of
the PBM irradiation on the affected areas on the ventral surface of the tongue where the lingual and
chorda tympani nerves are distributed). Clinical photo (F) shows the application of single laser probe
at 90◦ to the ventral surface of the tongue, irradiating the middle point, whereas assembled photo (E)
shows the allocation of the 3 irradiated points: anterior, middle and posterior of right ventral surface
of the tongue.

This protocol was based on the analysis of the best available evidence-based practice
in the literature [35,41–51]. A single operator, who is a senior specialist clinician with a
wealth of experience in PBM, performed the laser treatment. The questionnaires of the
assessment tools listed in subheading 2.1.5 were administered in interview form at baseline
(T0) mid-treatment (T1) and at the end (T2) of each treatment session and during the
follow-up time points (T3 at one-month, T4 at three-months, T5 at six-months and T6 at
nine-month after the PBM intervention period). The data were recorded and stored by a
senior laser nurse on Microsoft Excel.

MED Group Protocol

The current National Institute for Health and Care Excellence (NICE) guidelines
for pharmacological management of NP [24,62] suggest the utilisation of Amitriptyline,
Duloxetine, Gabapentin or Pregabalin, as an initial line of NP treatment with switching if
the first, second or third drug tried was ineffective or un-tolerated. Hence, the effective
dose should be individualised, according to patient response and tolerability. Table 3
illustrates the implemented treatment protocol. The same measuring tools utilised in the
PBM group were employed in the MED group to evaluate the variables at baseline and
for the follow-up protocol. However, for the MED group, the T1 and T2 time points were
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unrecorded due to an expected high variance in initial pharmacokinetics based on the large
heterogeneity in medications prescribed to the recruited subjects.

The initial benefits of some of the above-mentioned medications can be noticed within
the first or second week of the treatment course; however, it may take up to two months for
full effects (last accessed 29 January 2022, www.nhs.uk, www.britishpainsociety) [63–65].
Based on this and the hospital review appointment system, the subjects were followed up
at time points T3, T4, T5 and T6 (at the clinic), which were comparable with the PMB group.
The data were recorded and stored by a senior laser nurse on Microsoft Excel. A single
experienced clinician treated the recruited subjects and performed follow-up with them
throughout the study period.

Table 2. Illustrates the laser device specifications, PBM-therapeutic protocol and laser parameters’
calculations of the study. Abbreviation: 1/e2: light beams do not typically have defined edges
and the beam distribution is not usually uniform (to calculate the power density, physicians use
the mathematical function 1/e2 to define the area); NOHD: nominal ocular hazard distance (the
distance at which the power output is safe to view without safety spectacles (i.e., below the MPE);
1/e2: the spot size is recommended to be used for dosage calculations; J: Joule; s: seconds; W/cm2:
watt/centimetre square; mm: millimetre.

Device
Information

Manufacturer THOR Photomedicine Ltd.
Model identifier LX2.1

Semi-conductor materials (emitter type) GaAIAs
Probe design Single probe

Beam delivery system Hand-held probe
Medical/laser class 3B laser

NOHD 64 cm
Laser-aiming beam None

Irradiation
Parameters

Wavelength 810 nm
Operating emission mode Continuous wave

Beam profile Gaussian distribution

Treatment
Parameters

1/e2 Spot area size area 0.088 cm2

1/e2 Spot size and shape 0.335 cm, circular
Beam divergence full angle 10◦ × 54◦

Polarisation Linear
Therapeutic power output 200 mW

Irradiance 2 W/cm2

Irradiance at aperture (mW/cm2) 1.97 W/cm2

Fluence (dose) 59.1 J/cm2

Energy 6 J/point
Total energy 54 J

Power density (irradiance) 1.97 W/cm2

Exposure time 30 s/point
Time interval Relatively alternate day, excluding weekend

Treatment frequency Twice a week (Mondays and Wednesdays)
Total number of treatments 10

Duration of treatment 5 consecutive weeks
Number of irradiated points 9 points

Irradiated target Trigger points and sites of injury (affected areas)
Scanning technique Spot technique
Light-tissue distance <1 mm distance (non-contact)

www.nhs.uk
www.britishpainsociety
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Table 3. Shows the pharmacological treatment modality and doses over different time points. It
shows that the doses of analgesic medications needed to be increased for all ten patients at the
3-month (T4) follow-up evaluation and 2/10 patients had another medication added. This indicates
that for those patients recruited to the MED group, the initial doses of the medications had become
ineffective to reduce the pain intensity below a tolerable level between 1–3 months after prescription.
Abbreviations: BMS: burning mouth syndrome; OIN: oral iatrogenic neuropathy; Pt. no.: number of
patients, mg: milligram.

Pt. No. Condition Prescribed
Medication

Dose of the Medications and Follow-Up Time Points

Baseline
(T0)

1-Month
Follow-Up

(T3)

3-Month
Follow-Up

(T4)

6-Month
Follow-Up

(T5)

9-Month
Follow-Up

(T6)

3 BMS Nortriptyline 10 mg 10 mg 20 mg 20 mg 20 mg
2 OIN, BMS Nortriptyline 20 mg 20 mg 40 mg 40 mg 40 mg

1 OIN Nortriptyline
Pregabalin

10 mg
100 mg

10 mg
100 mg

20 mg
200 mg

20 mg
200 mg

20 mg
200 mg

1 BMS Pregabalin 100 mg 100 mg 200 mg 200 mg 200 mg
1 BMS Pregabalin 25 mg 25 mg 50 mg 50 mg 50 mg

2 BMS Gabapentin
Nortriptyline 600 mg 600 mg 600 mg

10 mg
600 mg
10 mg

600 mg
10 mg

2.2. Measures and Tools Used to Evaluate Outcome Variables
2.2.1. Pain Intensity Assessment

A traditional paper format VAS was used to evaluate pain intensity [59] as it has been
shown to be an accurate, valid, reliable and reproducible instrument for subjective rating
for pain intensity [66,67]. It is a psychometric scale based on 10 cm lines anchored at the
ends by words that define the bounds of various pain dimensions (Figure 2). The patient
was asked to place a vertical mark on the scale, indicating the pain intensity level which was
assessed verbally as follows: none-annoying-uncomfortable-dreadful-horrible-agonising,
or numerically on a 0–10 scale as shown in Figure 2.

2.2.2. Functionality Problems Questionnaire and Scoring

The questionnaires’ scale utilised in this study was adopted from the functionality
pain scale (FPS) [60] and modified to address the functional disabilities that subjects might
experience, specifically due to NP. As the FPS incorporates both subjective and objective
components to assess pain, based on the pain’s perceived tolerability and interference with
functioning, this study adapted scale, should therefore be equally valid and reliable in
achieving the required data (Table 1). The FP scoring scale used range from zero to ten
(0 = no interference; 10 = complete interference).

2.2.3. Psychological Assessment Tool and Overall QoL

The European QoL Group (EuroQol) 5 dimensions 5 levels questionnaire (EQ-5D-5L)
provides a generic QoL measure based on combining supplementary measures that capture
all aspects related to QoL [61]. The EQ-5D-5L questionnaires are based on qualitative and
quantitative measures (Figure 3A).

EQ 5D-5L includes a VAS (EQ-VAS) allowing the subjects to score their general health
on a thermometer style scale rated from 0 (worse imaginable health) to 100 (best imaginable
health). It describes the levels of each dimension (Figure 3B). The labels for the five
levels (5L) are “no problems”, “slight problems”, “moderate problems”, “severe problems”
and “extreme problems” for all five dimensions (5D); mobility, self-care, usual activities,
pain/discomfort, and anxiety/depression.
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2.3. Data Analyses and Statistics

Data for both PBM and MED groups was collected blinded as described above and
unblinded for statistical analysis by an independent collaborator. Data analysis and suit-
able statistical tests were performed using GraphPad Prism version 9.0.1 for Windows,
GraphPad Software, San Diego, CA, USA, www.graphpad.com. The statistical tests applied
to any set of data very much depended on the type and distribution characteristics of that
specific dataset and are consistently stated within the result section. An overall unbiased
two-sided approach was chosen for all statistical tests.

3. Results
3.1. Trial Study Populations, Demographics and Baseline Characteristics

Upon ethics approval by New Clinical Procedures Committee (NCPC) at King’s Col-
lege Hospital NHS Foundation had been granted, the study took place between June 2016
and January 2019 in agreement with NCPC and was registered 177 NCPC. The interven-
tional procedure number IP1547 was obtained from the National Institute for Health and
Care Excellence (NICE), England. Out of the 155 screened informed chronic orofacial NP-
patients, diagnosed with either BMS or OIN and recruited for trial participation, 28 patients
both consented and met the eligibility criteria, all of which completed the study. 18 study
participants were allocated to the PBM group and 10 to the paralleled analgesic pharma-
cotherapy MED group. Figure 5 illustrates a detailed breakdown of patients enrolled in the
trial flow. None of the patients reported any adverse effects throughout the 10 treatments.

Although no randomisation method was used to assign patients to both study groups,
baseline demographics and baseline characteristics of those study populations was not
found to be significantly different (Table 4). Contingency analysis could thus not reveal any
disproportional allocation over respective PBM- and paralleled MED-intervention groups in
terms of; gender (83.33% and 100% female), NP type (61.11% and 88.00% BMS), or the exis-
tence of any underlying controlled disease condition (38.89% and 10.00%). These conditions
were as follows: a history of breast cancer, hypothyroidism, arthritis, fibromyalgia, spina
bifida and depression (Figure 6). The overall representation of BMS- and OIN-diagnosed
patients for the complete study cohort was 67.86% and 32.14%, respectively. The patients
allocated to the PBM study group also compared in age (mean ± SD = 58.00 ± 10.39 years)
to those patients assigned to the MED group (mean ± SD = 56.80 ± 10.84 years). Although
there was a vast spread in the duration that patients had already suffered from chronic NP,
the number of months passed since onset until trial intervention was also not statistically
different between study groups (PBM group mean ± SD = 57.50 ± 47.93 months versus
MED group 38.90 ± 15.77 months). The above study population demographic and base-
line characteristic comparisons therefore justify further explorative or qualitative outcome
comparisons between paralleled study groups.

Table 4. Shows the baseline characteristics comparisons between the test (PBM) and pharmacotherapy
comparison (MED) groups * Based on unpaired t-test (age), Fisher’s exact contingency analysis test
(gender, type of NP and medical history) or non-parametric Mann–Whitney U ranks test (Onset).

Baseline Characteristics PBM
(n = 18)

MED
(n = 10)

Different *
(Y/N) p-Value *

Age (years; mean ± SD) 58.00 ± 10.39 56.80 ± 10.84 N 0.7752
Gender (% female) 83.33 % 100.00% N 0.5330

Type of NP (% BMS) 61.11 % 80.00% N 0.4170
Onset (months; mean ± SD) 57.50 ± 47.93 38.90 ± 15.77 N 0.7500

Medical history
(% fit and well) 61.11 % 90.00% N 0.1937

3.2. Patients’ Acceptance of Treatments

There were no adverse events observed or reported in both groups during the treat-
ments and throughout the follow-up time points and there were no dropouts from the

www.graphpad.com
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study (Figure 5). For the MED group, however, Table 3 shows that the doses of analgesic
medications needed to be increased for all 10 patients at the three-month (T4) follow-up
evaluation and 2/10 patients were even prescribed additional medication for pain manage-
ment. This indicates that for those patients recruited to the MED group, the initial doses
of the medications had become ineffective to reduce the pain intensity below a tolerable
level between 1–3 months after prescription. In particular, the prescribed mediation dose
of Nortriptyline increased from 10 mg at T0 to 20 mg at T4 (3/10 subjects) or from 20 mg
to 40 mg (2/10), whereas for one subject who was initially on 10 mg Nortriptyline and
100 mg Pregabalin, the doses increased to 20 mg and 200 mg, respectively. In addition, the
initial doses of 100 mg and 25 mg Pregabalin for two subjects also needed to be doubled
at T4. The two subjects, who were on 600 mg Gabapentin, were additionally prescribed
Nortriptyline at the T4 time point.

Figure 5. Illustrates the CONSORT diagram flow of subjects’ enrolment, allocation, follow-up and anal-
ysis for both groups: PBM and MED, including the treatments and follow-up protocols. Abbreviations:
T0: baseline (Pre-treatment); T1: mid-treatment; T2: end-treatment; T3: one-month; T4: three-months;
T5: six-months; T6: nine-months; VAS: visual analogue scale; EQ-5D-5L: European-QoL-5 dimensions
5 levels; mW: milliwatt; CW: continuous emission mode; n: number (Supplementary File S2).
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Figure 6. Shows types of self-reported previous or ongoing and medical conditions represent-
ing a confounder risk in both test (PBM) and comparison (MED) groups. Abbreviations: PBM:
photobiomodulation; MED: pharmacotherapy; #: number of patients; IDDM: insulin-dependent
diabetic mellites.

All the above-mentioned medication regimens remained unchanged thereafter at
the six-month (T5) and nine-month (T6) follow-up time points. In contrast, none of the
18 PBM group subjects was in need of additional analgesic medication throughout the
five-week intervention period and nine-month follow-up period, indicating a long-lasting,
neuro-regenerative, beneficial effect on oral NP by the PBM procedure.

3.3. Self-Reported Maximum Pain Intensity Score (PISmax)

PBM significantly alleviated self-reported highest pain intensity (PISmax) on a visual
analogue scale from zero to ten cm, already with −2.94 cm (p-value < 0.0001) at mid-
treatment (T1) and with −3.67 cm (p-value < 0.0001) at end-treatment (T2), as compared to
baseline (T0: PISmax = 7.61 ± 1.09 cm). Interestingly, this fast reduction in pain sensation
remained stable and highly statistically significant throughout the follow-up assessment
period (p-values at T3 to T6 below 0.0001) with the therapeutic benefit still being as high as
a −3.47 cm reduction on the VAS at the nine-month follow-up assessment time point (T6:
PISmax = 4.14 ± 1.30 cm) (Figure 7A).

Moreover, for the parallel MED group, a less pronounced but significant—seemingly
linear— reduction on mean PISmax was also observed for consecutive intervention follow-
up time points T3: −1.40 cm (p-value = 0.0014), T4: −1.60 cm (p-value = 0.0020), T5:
−1.90 cm (p-value = 0.0002) and T6: −2.30 cm (p-value < 0.0001) as compared to the
baseline assessment at (T0: PISmax = 8.20 ± 0.63 cm) (Figure 7B).

This indicates that PBM and pharmacotherapy analgesic effect dynamics are presum-
ably substantially different with a faster, more pronounced and long-lasting benefit in
favour of the medication-free PBM intervention. Even though analgesic medication doses
were raised at T4 for all subjects in the MED group (Table 3), the gradual reduction in
PISmax by this intervention could not parallel the improvements reported by the PBM
group at any time point assessed. Indeed, when comparing PISmax in the follow-up pe-
riod between the paralleled intervention groups by a full mixed-effects two-way ANOVA
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analysis, PBM was initially −2.86 cm (p-value < 0.0001) more effective than standard of
care medication therapy at T3, despite the fact that the baseline mean PISmax values at T0
were not different between both groups (p-value = 0.4124). Figure 7C furthermore shows
that mean differences in PISmax between both interventions remained in favour of the
PBM treatment throughout the subsequent follow-up period with the therapeutic benefit
still remaining a significant −1.76 cm (p-value = 0.0001) at T6, the nine-months follow-up
assessment time point.

Figure 7. (A–C) Shows self-reported highest pain intensity score (PISmax). (A) shows PISmax

(mean ± SD) over time in the PBM group (circles) and (B) shows PISmax (mean ± SD) over time for
the parallel MED group (squares) on a visual analogue scale from zero to ten cm. (C) shows mean
differences in PISmax between both interventions and the 95%-confidence intervals as the result of
a full mixed-effects two-way ANOVA analysis, demonstrating analgesic efficacy in favour of the
PBM-treatment throughout the study period. Bonferroni’s multiple comparison statistics: p-value
indications: n.s. = not significant; ** < 0.01; *** < 0.001; # < 0.0001. In (A,B) (means ± SD): p-value
indications show the significance level of pairwise differences between means of the respective time
points with T0. Abbreviations: PISmax: self-reported highest pain intensity score; T0: baseline; T1:
mid-treatment; T2: end-treatment; T3: one-month; T4: 3 months; T5: 6 months; T6: 9 months.

3.4. EQ-5D-5L Indices

The EQ-5D-5L Quality-of-Life (QoL) assessment was introduced by the EuroQol
Group in 2009 (last accessed 29 January 2022, http://www.euroqol.org) and essentially
consists of both the EQ-5D descriptive system and the EQ-VAS [68–70]. The descriptive
system comprises five dimensions: mobility, self-care, usual activities, pain/discomfort
and anxiety/depression. Each dimension has five levels: no problems (0), slight problems
(1), moderate problems (2), severe problems (3) and extreme problems (4). The EQ-VAS
records the patients’ self-rated health on a vertical VAS, where the endpoints are labelled
‘The best health you can imagine’ (=100%) and ‘The worst health you can imagine’ (0%).
Figure 8A,B describes the detailed results of both groups at different time points.

3.5. Extended QoL-Assessment-Functional Indices

Besides the general EQ-5D-5L, a more in-depth QoL assessment was performed by
patients’ self-grading their overall pain interference with oral health-related functional
indices on a scale from zero (=no interference) to ten (=complete interference) (Table 1) [60].
These functional indices were speech, pronunciation, confidence, eating, drinking, brushing
teeth, taste, smell, kissing, make-up application/shaving, social events, family relation,
sleeping and work. Additionally, the total FP score was calculated as the mean pain
interference grade of all functional parameters for each given patient and time point.

http://www.euroqol.org
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Pain caused by BMS or OIN interfered considerably with the functional parameters
assessed, except for work, make-up application/shaving and smell, thereby validating the
relevance of this in-house QoL assessment for oral NP patient studies (Figure 9). Statistical
main effects analysis revealed that functionality-based QoL of these patients could be
improved by the paralleled therapeutic interventions in this study (p-value = 0.0151), with
PBM-treated patients being significantly more responsive (p-value = 0.0022), based on
the lower corresponding total FP scores. In particular, observed improvements (i.e., of
those pain-related functional indices with a time-point dependent significant effect), speech,
confidence, brushing teeth, kissing, but most obviously eating (p-value = 0.0018), drinking
(p-value = 0.0006) and taste (p-value < 0.0001) were primarily achieved with PBM, whereas
the type of intervention did not significantly matter for social events, family relation or sleeping
(p-value ≥ 0.05).

Figure 8. (A,B) Shows the results of EQ-5D-5L indices for PBM and MED groups for the different
assessment time points. (A) Shows the self-reported EQ-5D-5L indices as mean (± SD) and aligned
for paralleled intervention groups PBM (circles) and MED (squares). (B) Depicts mean differences
between the interventions (±95%-confidence intervals) at different time points of selected EQ-5D-5L
indices, for which a main-effects analysis revealed a significant group and time dependency, along
with p-value indications for Bonferroni’s multiple comparison statistics of the full mixed-effects model:
n.s.: not significant; * < 0.05; ** < 0.01; # < 0.0001. Abbreviations: T0: baseline; T1: mid-treatment; T2:
end-treatment; T3: one-month; T4: three-months; T5: six months; T6: nine-months.
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Figure 9. Pain interference with 14 functional indices as experienced and self-reported by the
study participants on a scale from zero (=no interference) to ten (total interference or complete
loss of functionality), allocated to either PBM (circles) or MED (squares) intervention groups. The
functional parameters assessed, relating to QoL, are depicted above in each graph, as well as the
significance level of the main effects by ANOVA analysis (Group-effect = intervention dependency,
Time-effect = time-point dependency) for the respective functional parameter in the study (n.s. = not
significant; * < 0.05; ** < 0.01; *** < 0.001; # < 0.0001). Abbreviations: T0: baseline; T1: mid-treatment;
T2: end-treatment; T3: one-month; T4: three-months; T5: six-months; T6: nine-months.
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4. Discussion

NP can be challenging to treat effectively [1,71]. Pharmacotherapy can reduce pain, but
the majority of patients do not experience complete pain relief [71,72]. Hence, it is highly
debilitating, profoundly distressing and may negatively affect the patient’s QoL [73,74].

Our prospective parallel study has demonstrated the efficacy of λ810 nm PBM in
modulating NP intensity and improving functionality and QoL at mid- and end-treatment
sequence and sustained throughout the follow-up time points at one, three, six and nine
months, comparing to or exceeding the gold standard-of-care pharmacotherapy, while
being safe and well accepted by the patient. This clearly shows the most important finding
of our study. To the authors’ best knowledge, this is the first comprehensive parallel study
(PBM and pharmacotherapy) in treating NP, induced by BMS and OIN, of a Caucasian
cohort based on a long-term follow-up period of nine months.

The results of published clinical studies to date are inconsistent in NP management.
Despite the positive outcomes of the current published RCTs [35,41–51], utilising PBM in
alleviating NP intensity in patients with pnBMS, a lack of high methodological quality
and a standardised laser-PBM protocol is repeatedly noted in recent systematic reviews
and meta-analyses [52–54]. The questions raised by previous studies and reviews have
served us to structure our current study laser-PBM protocol and to employ a robust
methodology, in order to contribute to achieving a consensus in PBM therapy protocol for
pnBMS management, which is essential for replication in future studies. We have outlined
the key findings of our study to support the abovementioned statements.

4.1. Demographic Characteristic of Study Cohort

It is interesting to note that the majority of the subjects who enrolled in our study were
female and middle-aged as was supported by the literature [35,75,76].

In our cohort, the affected area was within the anterior two-thirds of the tongue,
either right or left lateral dorsal tongue. This was also in agreement with the literature,
reporting trigeminal small-fibre sensory neuropathy in pnBMS was evidenced by diffuse
degeneration of epithelial and sub-papillary nerve fibres of tongue anterior two-thirds [7]
and lateral borders of the tongue to be the sites most commonly affected by pnBMS [77,78].

4.2. Evaluation of the Study’s Laser-PBM Protocol and Its Parameters

There is a wide range of PM doses (fluences) utilised in the available published
RCTs [35,41–51], ranging from 1–200 J/cm2, whereas the range of power outputs irradi-
ated by different wavelengths ranged from 30 mW–1 W and λ660–λ980 nm, respectively,
where CW was utilised in ten of the 12 studies [35,42–46,48–51]. The exposure time, fre-
quency and average total number of treatment sessions have ranged from 4–381 s/point,
1–5 sessions/week and 10 sessions, respectively.

It is noteworthy that only three out of 12 studies utilised a power meter to measure
the therapeutic power output [35,46,49]. All studies showed positive results except for a
study conducted by Pezelj-Ribarić et al., 2013 [35]. Moreover, only one study [44] compared
PBM to clonazepam (mouthwash), whereas the remaining 11 studies compared PBM to
placebo. The number of sessions per week, time interval and duration of treatment varied
among the studies, as follows; daily for ten days (10 sessions), once per week for 4 weeks
(4 sessions), twice a week for 4 weeks (8 sessions), once a week for 10 weeks (10 sessions),
twice a week for 5 weeks (10 sessions), six times a week for 4 weeks (24 sessions).

Taking the aforementioned observations into consideration, we formulated a standard-
ised therapeutic PBM protocol, proven effective in this study (therapeutic wavelength of
λ810 nm and at a power meter verified output of 200 mW, spot size 0.088 cm2, 6 J/point,
9 points, 30 s/point, 68.1 J/cm2, twice a week for five consecutive weeks, ten sessions in
total). Additionally, despite three studies [35,46,49] that utilised a power meter to mea-
sure their therapeutic power outputs, their findings showed variation in their clinical
outcomes. Their therapeutic power outputs and utilised wavelengths were as follows:
100 mW, 830 nm [46] and 200 mW, λ808 nm ± 5 nm [49] and showed positive findings
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in pain intensity reduction but marginal improvement in psychological status, whereas
a study conducted by Pezelj-Ribarić et al., 2013, utilised a therapeutic power output of
30 mW, λ685 nm but did not obtain significant results [35].

High fluences (doses) can offer more beneficial effects for pain relief due to the multi-
phasic PBM dose response compared to generally accepted biphasic dose response [79–81].
Moreover, wavelength plays a key role in regulating the penetration depth of the laser irra-
diance in the tissue [82,83], noting that the λ808 nm light penetrates as much as 54% deeper
than λ980 nm [84]. Therefore, 810 nm could be a suitable wavelength in the management
of NP. It is important to take into consideration the treatment frequency and time interval
as well [13].

4.3. Representation of the Study’ Outcome Measures and Their Influences to Determine
PBM Efficacy

In order to achieve effectiveness in NP management by capturing all of the outcome
domains, valid and reliable standardised outcome measurement tools are required.

Previous RCTs studies have used various methods of assessment to evaluate the
primary and secondary outcomes. All of these studies utilised VAS to evaluate PIS and
Oral Health Impact Profile-14 (OHIP-14) [42,44,46,50] and its various variations employed
in other studies such as: Italian [41], Persian [43] and Croatian [48] to assess pain, physical
and emotional impairment, whereas one study used the hospital anxiety–depression scale
(HANDS) to assess anxiety/depression [49]. The remaining four studies [35,45,47,51] have
not addressed this outcome domain, however, three of them assessed the salivary flow
(functional problem) of which two [35,47] used immunohistochemical analysis, whereas
one study conducted by Scardina et al., 2020 used video capillaroscopy [51].

In our study, we have evaluated all the NP outcome domains using the following
assessment tools: VAS to assess pain intensity, 14-indices FP questionnaires to assess
pain-interference with daily functions and EQ-5D-5L, to assess pain, psychological status,
including health-related behaviours (anxiety/depression) and health-related QoL. PROMs
prevent any possible bias in the evaluation by the trials examiners and are valid and reli-
able measurement tools in idiopathic NP [56,57,85] (https://www.gov.uk/government/
publications/patient-reported-outcome-measures-proms-in-england-a-methodology-for-
identifying-potential-outliers-2, last accessed 29 January 2022). We have followed the rec-
ommendations of IMMPACT-II, considering the evaluation of six domains to measure the
outcomes in clinical trials involving the management of chronic pain [58,86] therefore the
results of our study were robust and reliable.

4.4. Representation of the Treatment Outcomes for Both PBM and MED Groups
4.4.1. Evaluation of the Maximum Pain Intensity Score (PISmax) Reduction

An RCT study conducted by Arduino et al., 2016 [44] evaluated the effect of λ980 nm
PBM (300 mW, 10 J/cm2, 10 s/point, 2 mm light-tissue distance, twice a week for five
consecutive weeks) versus clonazepam in patients with BMS. The results showed that
PBM was superior to clonazepam in improving PIS on VAS and was statistically significant
over the three-month follow-up period without a significant improvement in anxiety/
depression. A recent RCT conducted by de Pedro et al., 2020 [50] utilised λ810 nm (0.6 W,
6 J/point, 10 s/point, total 56 points, 0.5 cm2, 2 mm light-tissue distance, twice a week
for five consecutive weeks) to evaluate the effects of PBM versus placebo. It concluded
that PIS reduction at the end of treatment remained the same among 90% of study subjects
(n = 9) in the PBM group at the four-month follow-up period and significant psychological
improvement was noted at end-treatment and maintained at the one- and four-months
follow-up period in the PBM group. It is noteworthy that this implies that in our present
study, PBM already almost fully modulated pain intensity by the 5th session [mid-treatment,
(T1)]. The authors, however, assume that based on previous observational practice, later
PBM sessions (5th to 10th) might still be useful to stabilise the effects of treatment outcomes.
Our study was the first to validate the efficacy of PBM on NP for a longer follow-up period

https://www.gov.uk/government/publications/patient-reported-outcome-measures-proms-in-england-a-methodology-for-identifying-potential-outliers-2
https://www.gov.uk/government/publications/patient-reported-outcome-measures-proms-in-england-a-methodology-for-identifying-potential-outliers-2
https://www.gov.uk/government/publications/patient-reported-outcome-measures-proms-in-england-a-methodology-for-identifying-potential-outliers-2


Antioxidants 2022, 11, 533 19 of 28

of up to nine months. In contrast to the other studies where the follow-up period varied
from 4–16 weeks [35,41–51], our results demonstrate sustained beneficial effects by PBM
for even up to nine months post-treatment, indicating a pro-regenerative effect of PBM on
the TN pathways in NP.

In our study, despite the severe and persistent nature of the symptoms at baseline
with onsets predating an impressive 57.50 ± 47.93 months in the PBM group, a notably
fast reduction in PISmax on VAS from 7.6 (=dreadful to horrible) at baseline (T0) to 3.9
(=uncomfortable) at one-month post-treatment (T3) could be achieved. On the other hand,
mean PISmax was only reduced from 8.2 (=horrible) at baseline to 6.8 (=dreadful) at T3 in
the MED group. At this point, it is worth mentioning that the subjects of the PBM group
have had pharmacotherapy previously without benefits and stopped at least three months
prior to enrolling in the study.

The pharmacotherapy group in our study showed a slower and gradual but significant
reduction in PISmax on VAS in response to medications with single or combined drugs that
needed to be up-dosed at the T4 time point. Although here we do not present the data
to support it, it is possible that the pharmacotherapy provides a rather late attenuation
of NP. This is in agreement with the results of an RCT parallel-placebo study by Serpell
et al., 2017 [87], demonstrating that many patients do not respond to pregabalin at lower
doses, however, subsequently responded when the dose was increased to achieve an
optimal analgesia. Another study showed that pregabalin at doses ≥ 300 mg/day was
more effective in improving pain than pregabalin at doses ≤ 150 mg/day [88]. This was
confirmed by a recent systematic review published in the Cochrane Database in 2019 [89].
However, the higher doses also significantly increased a number of adverse events for
which the treatment had to be discontinued [64,89,90]. In contrast to this, we assume a
more robust, pro-regenerative and lasting effect of PBM at energy doses that are far below
the threshold for damage and therefore virtually free of side effects or adverse events.

It is important to mention a non-anticipated confounding factor for three of 18 patients
in the PBM group. After these patients showed an improvement in the pain intensity at
T1 and T2, a slight elevation occurred at T3. Nevertheless, pain improvement remained
superior to the score at T0. These patients self-reported during the T3 assessment time
point that the pain intensity increased after they had sustained a severe chest infection
and gastric problems (between T2 and T3), presumably unrelated to the interventional
treatment of this study but for which Ciprofloxacin had been prescribed for 7–14 days.
The authors assume that the reported increase in NP could have been triggered by the
remote infection or more likely by the antibiotics used by these patients [91,92]. This would
also be in agreement with the fact that NP can be initiated after one or more adverse life
events, related to either clinical or social challenges [93]. Additionally, evidence-based
practice demonstrated that Fluoroquinolone (Levofloxacin and Ciprofloxacin), but not
Amoxicillin, appears to increase peripheral neuropathy risk by 47% [94]. We suggest that
further research should be conducted to investigate the causal relation between antibiotics
use and NP and its related mode of action.

4.4.2. Evaluation of the Functional Problems’ Improvement

It is noteworthy that, to the best knowledge of the authors, the present study was the
first to utilise the detailed 14-indices functionality questionnaires, evaluating the effects
of PBM therapy and pharmacotherapy on improving daily functionality related to QoL.
There is evidence to suggest that NP can have a great impact on daily functions [95–97].

PROMs for functional parameters in our study revealed that both intervention strate-
gies, PBM and pharmacotherapy, could ameliorate pain interference with daily functions
such as: sleeping, family relations and social events, but not with work. On the other hand,
smelling, make-up application or shaving did not seem to be significantly impaired by NP, as
was reported by the patients in our study cohort. Interestingly, a statistically significant bet-
ter improvement by PBM as compared to pharmacotherapy was reported for the following
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NP-related functions: speech and pronunciation, brushing teeth, kissing, confidence drinking,
eating and most obviously; taste.

In particular, our results showed a reduction in patient self-reported taste alteration at
mid-treatment that sustained to end-treatment and throughout the nine-month follow-up
in the PBM group, whereas no changes occurred in the pharmacotherapy MED group. To
the authors’ best knowledge, our comparative parallel study is the first in the literature,
addressing the impact of PBM on dysgeusia, compared to pharmacotherapy. Additionally,
our PBM protocol is in agreement with the suggested PBM protocol proposed by two
previous studies for curative taste alteration induced by NP [98,99]. Interestingly, the
results of an in vitro study conducted by Oron et al., 2007 [100] showed a significant
restoration of taste pathway-related ATP production by PBM-treated human neuronal cells
in peripheral nerve dysfunction has also been found. This coincides with the histological
results of a clinical study conducted by Suarez et al., 2006 [101] and a case reported by
El Mobadder et al., 2019 [102]. In this context, it was proposed that a decrease in the
tongue gustatory sensitivities on an electrogustometric test on the dorsal surface of the
tongue is related to the degeneration of the chorda tympani nerve that leads to trigeminal
neuropathy or glossopharyngeal nerve inhibition [103,104]; whereby irradiating the affected
areas as well as the trigger points would capture and restore all the symptoms associated
with idiopathic NP, ensuring optimal outcomes. This proposition was supported by a
systematic review and meta-analysis conducted by Hanna et al., 2021 [105] and is now
thus further consolidated by our findings here. Our results confirm that our approach
in mapping the triggered and affected areas to avoid a possibility of overlap irradiation
during PBM [106,107], taking into consideration either right or left lateral dorsal tongue
where there is the prominent presence of taste buds, depending on presented symptoms
and irradiating the lingual nerve where it carries along the chorda tympani, is effective,
reliable and reproducible.

It is noteworthy that hyposalivation might also have a significant contribution to taste
alteration [108]. Hence, the effects of PBM in improving the salivary flow by reducing
the salivary levels of TNF-alpha and IL-6, which are proinflammatory mediators found to
be elevated in patients with pnBMS [35], can ultimately have a great impact on restoring
taste impairment. PBM mediates the healing and regeneration of these taste bud cells
and olfactory receptors and can, therefore, stimulate the regeneration of the local neuronal
complex [106,109]. Interestingly, the results of our cohort have shown that smell interference
by NP was virtually lacking, despite the known dependency correlation between smell and
taste impairment [110].

In summary, our study PBM protocol proves to be effective and indicative in improving
the oral NP-related functionality of this cohort.

4.4.3. Evaluation of the Psychological Status and QoL Improvement of Both PBM and
MED Groups

A systematic review and meta-analysis was conducted by Hanna et al., 2021 [111]
recommended EQ-5D-5L as a robust standardised assessment tool for pain and QoL evalu-
ations in patients with NP; hence, our study, for the first time, has introduced EQ-5D-5L
for QoL-assessments in NP. Our findings with this form of PROMs showed a statistically
significant reduction in pain/discomfort, anxiety/depression and an improvement in general
health percentage (QoL), evident as early as T1, peaking at T2 assessment and fundamentally
sustained throughout the nine-month follow-up time points favouring the PBM interven-
tion group (Figure 8A,B). It is noteworthy that despite the fact that anxiety and depression
are reported in patients with pnBMS, such conditions commonly arise only after pnBMS
onset [112]. In this context, our results show that the anxiety/depression variable significantly
reduced when the NP was alleviated, especially in the PBM group.

Controversially, previous RCTs studies that addressed anxiety and depression by eval-
uating general health, QoL and psychological indices, showed inconsistency in reporting
pBMS-specific symptoms when the following outcome assessment tools were employed:
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short-form health survey (SfF-36), psychometric symptom checklist (SCL)-90-R and McGill
Pain Questionnaire (McGill) [44,50]. OHIP-14 [42,44,46,50], including its various variations
employed such as: Italian [41], Persian [43] and Croatian [48], HANDS [42,44,49], geriatric
depression scale (GDS) [44] and psychometric symptom checklist (SCL)-90-R [50]. With an
emphasis on a study by Arduino et al., 2016 [44], they showed that anxiety and depression
levels did not change statistically in both laser-PBM and clonazepam (mouthwash form)
groups (p* > 0.05) assessed by GDS, OHIP-14, MPQ and HANDS.

Remarkably, the functional dimensions: usual activities, selfcare, and mobility, showed
no significant differences to the values reported at baseline for either treatment group.
In this context, our study has shown that EQ-5D-5L is a well-suited, sensitive tool for
addressing general physical and psychological health, but not for functional impairments
that specifically relate to NP disease. For future studies, the authors therefore suggest
adopting the approach followed here to combine generic and disease-specific PROMs,
reflecting on health-related QoL.

4.4.4. Evaluation of Subjects’ Acceptance to Treatments of Both Groups (PBM and MED)
and Reported Adverse Effects

In our study, there were no adverse events reported for either PBM or pharmacother-
apy during treatments and throughout the study period. Moreover, the CONSORT flow
chart demonstrated that all participants completed the treatment and follow-up protocol.
Opposed hereto, in an RCT study conducted by Arduino et al., 2016 [44] comparing PBM
to 2 mg of topically localised oral disintegrated clonazepam tablet application, 32% of the
patients treated with clonazepam reported dizziness, fever, headache and a lack of appetite
in the course of the 12-week study period, whereas none of the patients treated with PBM
reported adverse effects [44]. There is evidence to support that patients have discontinued
long-term opioid therapy (especially oral opioids) due to adverse events or insufficient
pain relief; however, weak evidence suggests that patients who are able to continue opi-
oids long-term experience clinically significant pain alleviation and inconclusive QoL and
functional improvement [20,113].

For the MED group in our study, the doses of analgesic medications needed to be
increased after three months for all patients. All of the adjusted medication regimens
remained unchanged thereafter up to the last follow-up time point. In contrast, none of
the 18 PBM group subjects was in need of additional analgesic medication throughout
the whole study period, indicating a long-lasting beneficial effect on oral NP by the PBM
procedure. Three patients, allocated to the PBM group, however, suffered from gastric
infections at some point during the study, which was assumed to be unrelated to the
interventional treatment but required antibiotic treatment with possible confounding effects
on the oral pain sensation levels as discussed above. Several studies evaluated the possible
adverse effects of PBM, but no significant results were noted or reported [35,41–51]. Our
study results are in agreement with this data. Importantly, all PBM group allocated
subjects completed the treatments without interruption with a satisfactory response, which
was significantly sustained throughout the long-term follow-up of nine months, as was
suggested by de Pedro et al., 2020 in a recent systematic review [114] Additionally, our
study has fulfilled the criteria of Farag et al., 2019 [58] to qualify as a high-quality study
in addressing various outcome domains related to pain, including physical functionality,
emotional status, QoL and adverse events. To the best of our knowledge, this study is
the first study investigating the efficacy of PBM, as a monotherapy, compared to the gold
standard analgesic pharmacotherapy. It is noteworthy that various validated instrumental
PROMs pain evaluations were utilised in our study to prevent subjective bias in records.
Our study has also shown that the utilisation of both EQ-5D-5L and VAS assessment
tools to evaluate NP intensity have demonstrated to be a robust methodological approach
to achieve optimal clinical outcomes, which was reflected in our positive findings and
exhibited substantially statistically significant in NP alleviation.
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4.5. Strengths and Limitations of the Study

Our prospective parallel study, for the first, has shown PBM efficacy in NP alleviation
with the longest follow-up period of nine months. In terms of PISmax on VAS, a substantial
4-fold reduction from baseline to T3 was observed in the PBM group compared to a 2-fold
reduction in the MED group. Moreover, a statistically significant improvement in physical
functionality and QoL at T1, progressing at the T2 time point and then profoundly unin-
terrupted throughout the nine-month follow-up time points in the PBM group compared
to the MED group. Our results also demonstrated that the psychological parameters sig-
nificantly reduced when NP was alleviated, especially in the PBM group. It is important
to note that the assessment methods of outcomes were of high quality, ensuring that NP
intensity, physical functionality, psychological status, QoL and adverse events were cap-
tured. No adverse effects were reported in both groups throughout the treatment course
and follow-up time points.

A public health campaign was carried out in order to recruit subjects from across
England for the PBM treatment option in our study, resulting in the number of participants
and study group allocations being based on patients’ choices and preferences. In addition,
telephone follow-up was conducted where it was practically convenient and financially
feasible. MED group subjects received standard care based on their choices and their
follow-up at the clinic, relatively related to geographical convenience [115]. Therefore, this
study had a non-randomised trial design, unequally balanced in terms of group sizes, yet
baseline demographics and characteristics did not differ between both study arms.

Every patient is different in terms of their responses to antidepressants and anticon-
vulsants medications which are commonly prescribed in treating chronic NP [116,117].
According to the British Pain Society, the use of the following medications, as a single drug
in treating chronic NP, might take up to 1–2 weeks to start working and up to 2 months
(8 weeks) to exert its full analgesic effects (last accessed 29 January 2022, www.nhs.uk,
www.britishpainsociety) [63–65]. In this context, the authors expected a high variance
in the initial pharmacokinetics for the MED group, based on the large heterogeneity in
medications prescribed to the recruited subjects and assumed the most appropriate time
points to evaluate pain improvement should be in the follow-up period (T3, T4, T5 and
T6). As a result, data for T1 and T2 time points were unrecorded for the MED group for
the scientific reasons described above, which thus impedes some direct and mixed-effect
comparative analyses with the PBM group. This classifies this two-armed comparative
clinical trial as paralleled rather than fully controlled or referenced, and results should
therefore be interpreted as such, i.e., focusing on intra- rather than inter-group differences.

5. Conclusions and Future Perspective

Our prospective parallel study, for the first time, has demonstrated the efficacy of laser-
PBM in modulating NP intensity, improving functionally and QoL at T1 and peaking at T2
and sustained throughout all of the follow-up time points (T3, T4, T5 and T6). Moreover,
our study, for the first time, proves laser-PBM as a safe, potent analgesic, antioxidant and
regenerative, compared to or even exceeding the clinical benefits of the gold standard
analgesics pharmacological approach; thereby, laser-PBM presents an up-to-date first
validated, medication-free, alternative therapeutic option for oral NP treatment. Our
positive laser-PBM findings further support more patients’ benefits in improving QoL and
functional activities, which are considerably impaired by NP such as: eating, drinking and
tasting, whereas the analgesic medication regimens did not. Furthermore, observed long-
term pain relief and functional benefits indicate that laser-PBM modulates NP pathology in
a pro-regenerative manner, presumably via antioxidant mechanisms.

Our effective laser-PBM application protocol and reliable investigational tools are
relevant, easily reproducible and therefore suited for well-designed, multi-centred RCTs,
utilising large data or any other study with the aim to consolidate or optimise PBM effects
on oral NP.

www.nhs.uk
www.britishpainsociety
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Highlights

1. Our prospective parallel study, for the first time, has demonstrated the efficacy of pho-
tobiomodulation (PBM) in modulating oral neuropathic pain (NP) intensity, improv-
ing functionality and quality of life (QoL) at mid- and end-treatment that sustained
throughout all the follow-up time points (one, three, six and nine months).

2. Our study, for the first time, proves that PBM; a safe, analgesic, antioxidant and
pro-regenerative physical therapy, compares to or even exceeds the clinical benefits
of the gold standard analgesic pharmacological approach, thus presenting itself as
an up-to-date first validated, medication-free, alternative therapeutic option for the
treatment of oral NP.

3. Our results furthermore support additional patient’ benefits of PBM by ameliorating
the QoL and functional activities which are considerably impaired because of NP,
such as eating, drinking and tasting, whereas analgesic medication regimens did not.

4. Our effective PBM application protocol and reliable investigational tools are relevant,
easily reproducible and therefore suited for well-designed, multi-centre randomised
clinical trials (RCTs), utilising large data or any other study with the aim to consolidate
or optimise PBM effects on oral NP.

Supplementary Materials: The following are available online at https://www.mdpi.com/article/10
.3390/antiox11030533/s1, Supplementary File S1: CONSORT 2010 checklist of information to include
when reporting a pilot or feasibility trial; Supplementary File S2: List of abbreviations.

Author Contributions: Conceptualization, R.H.; methodology, R.H.; software, R.H. and S.V.B.;
validation, R.H., S.V.B., S.B. and R.J.B.; formal analysis, R.H. and S.V.B.; investigation, R.H.; resources,
R.H. and R.J.B.; data curation, R.H., J.C., P.B. and S.V.B.; writing—original draft preparation, R.H.;
writing—review and editing, R.H. and S.V.B.; visualization, R.H., S.B. and R.J.B.; supervision, R.H.;
project administration, R.H.; funding acquisition, S.B. All authors have read and agreed to the
published version of the manuscript.

Funding: This research received no external funding.

Institutional Review Board Statement: Upon ethics approval by New Clinical Procedures Commit-
tee (NCPC) at King’s College Hospital NHS Foundation had been granted, the study took place
between June 2016 and January 2019 in agreement with the NCPC and was registered 177 NCPC.
The interventional procedure number IP1547 was obtained from the National Institute for Health
and Care Excellence (NICE), England.

Informed Consent Statement: An informed written consent was obtained from all the recruited
participants, after full explanation of the proposed treatments and alternative treatment modalities,
in terms of advantages and drawbacks, confirming the planned treatment and study publication.
One of the consent copies was given to the subjects and another one kept in their hospital records.
The investigations were performed according to the Declaration of Helsinki on Biomedical Studies
Involving Human Subjects.

Data Availability Statement: The data is contained within the article.

Acknowledgments: The authors would like to thank the Oral Surgery staff at King’s College Hospital
NHS Foundation Trust staff for their support.

Conflicts of Interest: All the authors, including S.V.B. (senior project manager, bredent medical
GmbH & Co. KG), J.C. (CEO, Thor Photomedicine Ltd.), P.B. (senior researcher at Thor Photomedicine
Ltd.) have declared no conflict of interest.

References
1. Bennett, G.J. Neuropathic pain in the orofacial region: Clinical and research challenges. J. Orofac. Pain 2004, 18, 281–286. [PubMed]
2. Jensen, T.S.; Baron, R.; Haanpää, M.; Kalso, E.; Loeser, J.D.; Rice, A.S.; Treede, R.-D. A new definition of neuropathic pain. Pain

2011, 152, 2204–2205. [CrossRef] [PubMed]
3. Bouhassira, D.; Attal, N.; Alchaar, H.; Boureau, F.; Brochet, B.; Bruxelle, J.; Cunin, G.; Fermanian, J.; Ginies, P.; Grun-Overdyking,

A.; et al. Comparison of pain syndromes associated with nervous or somatic lesions and development of a new neuropathic pain
diagnostic questionnaire (DN4). Pain 2005, 114, 29–36. [CrossRef] [PubMed]

https://www.mdpi.com/article/10.3390/antiox11030533/s1
https://www.mdpi.com/article/10.3390/antiox11030533/s1
http://www.ncbi.nlm.nih.gov/pubmed/15636009
http://doi.org/10.1016/j.pain.2011.06.017
http://www.ncbi.nlm.nih.gov/pubmed/21764514
http://doi.org/10.1016/j.pain.2004.12.010
http://www.ncbi.nlm.nih.gov/pubmed/15733628


Antioxidants 2022, 11, 533 24 of 28

4. Olesen, J. Preface to the Second Edition. Cephalalgia 2004, 24, 9–10. [CrossRef]
5. Agbaje, J.O.; Van De Casteele, E.; Hiel, M.; Verbaanderd, C.; Lambrichts, I.; Politis, C. Neuropathy of Trigeminal Nerve Branches

After Oral and Maxillofacial Treatment. J. Maxillofac. Oral Surg. 2015, 15, 321–327. [CrossRef] [PubMed]
6. Merskey, H.; Bogduk, N. (Eds.) Classification of Chronic Pain: Descriptions of Chronic Pain Syndromes and Definitions of Pain

Terms/Prepared by the Task Force on Taxonomy of the International Association for the Study of Pain, 2nd ed.; IASP: Seattle, WA, USA,
1994; p. 742.

7. Lauria, G.; Majorana, A.; Borgna, M.; Lombardi, R.; Penza, P.; Padovani, A.; Sapelli, P. Trigeminal small-fiber sensory neuropathy
causes burning mouth syndrome. Pain 2005, 115, 332–337. [CrossRef] [PubMed]

8. Bartoshuk, L.M.; Grushka, M.; Duffy, V.B.; Fast, K.; Lucchina, L.; Prutkin, J. Burning mouth syndrome: Damage to CN VII and
pain phantoms in CN V. Chem. Senses 1999, 24, 609.

9. Headache Classification Committee of the International Headache Society (IHS) The International Classification of Headache
Disorders, 3rd ed. Cephalalgia 2018, 38, 1–211. [CrossRef] [PubMed]

10. Bergdahl, M.; Bergdahl, J. Burning mouth syndrome: Prevalence and associated factors. J. Oral Pathol. Med. 2007, 28, 350–354.
[CrossRef]

11. Grushka, M.; Epstein, J.B.; Gorsky, M. Burning Mouth Syndrome and Other Oral Sensory Disorders: A Unifying Hypothesis. Pain
Res. Manag. 2003, 8, 133–135. [CrossRef]

12. Leone, C.; Biasiotta, A.; La Cesa, S.; Di Stefano, G.; Cruccu, G.; Truini, A. Pathophysiological mechanisms of neuropathic pain.
Future Neurol. 2011, 6, 497–509. [CrossRef]

13. Chung, H.; Dai, T.; Sharma, S.K.; Huang, Y.; Carroll, J.; Hamblin, M.R. The Nuts and Bolts of Low-level Laser (Light) Therapy.
Ann. Biomed. Eng. 2011, 40, 516–533. [CrossRef] [PubMed]

14. Lim, T.; Shi, X.Q.; Johnson, J.M.; Rone, M.B.; Antel, J.; David, S.; Zhang, J. Peripheral Nerve Injury Induces Persistent Vascular
Dysfunction and Endoneurial Hypoxia, Contributing to the Genesis of Neuropathic Pain. J. Neurosci. 2015, 35, 3346–3359.
[CrossRef]

15. Lim, T.K.; Rone, M.B.; Lee, S.; Antel, J.P.; Zhang, J. Mitochondrial and Bioenergetic Dysfunction in Trauma-Induced Painful
Peripheral Neuropathy. Mol. Pain 2015, 11, 58. [CrossRef]

16. Rizzuto, R.; De Stefani, D.; Raffaello, A.; Mammucari, C. Mitochondria as sensors and regulators of calcium signalling. Nat. Rev.
Mol. Cell Biol. 2012, 13, 566–578. [CrossRef]

17. Siau, C.; Bennett, G.J. Dysregulation of Cellular Calcium Homeostasis in Chemotherapy-Evoked Painful Peripheral Neuropathy.
Anesth. Analg. 2006, 102, 1485–1490. [CrossRef]

18. Brand, M.D.; Nicholls, D.G. Assessing mitochondrial dysfunction in cells. Biochem. J. 2011, 435, 297–312. [CrossRef]
19. Gao, S.; Wang, Y.; Wang, Z. Assessment of trigeminal somatosensory evoked potentials in burning mouth syndrome. Chin. J.

Dent. Res. 2000, 3, 40–46.
20. Noble, M.; Treadwell, J.R.; Tregear, S.J.; Coates, V.H.; Wiffen, P.J.; Akafomo, C.; Schoelles, K.M. Long-term opioid management for

chronic noncancer pain. Cochrane Database Syst. Rev. 2010, 2010, CD006605. [CrossRef]
21. Sommer, C.; Welsch, P.; Klose, P.; Schaefert, R.; Petzke, F.; Häuser, W. Opioide bei chronischem neuropathischem Schmerz. Der

Schmerz 2014, 29, 35–46. [CrossRef]
22. Liu, Y.F.; Kim, Y.; Yoo, T.; Han, P.; Inman, J. Burning mouth syndrome: A systematic review of treatments. Oral Dis. 2017, 24,

325–334. [CrossRef]
23. De Moraes, M.; Bezerra, B.A.D.A.; Neto, P.C.D.R.; Soares, A.C.A.D.O.; Pinto, L.P.; Costa, A.D.L.L. Randomized trials for the

treatment of burning mouth syndrome: An evidence-based review of the literature. J. Oral Pathol. Med. 2011, 41, 281–287.
[CrossRef]

24. National Institute for Health and Care Excellence (NICE). Neuropathic Pain-Pharmacological Management: The Pharmacological
Management of Neuropathic Pain in Adults in Non-Specialist Settings. 2013. Available online: http://www.nice.org.uk/
guidance/cg173 (accessed on 29 January 2022).

25. Samoilova, K.A.; Zhevago, N.A.; Petrishchev, N.N.; Zimin, A.A. Role of Nitric Oxide in the Visible Light-Induced Rapid Increase
of Human Skin Microcirculation at the Local and Systemic Levels: II. Healthy Volunteers. Photomed. Laser Surg. 2008, 26, 443–449.
[CrossRef] [PubMed]

26. Karu, T.I.; Ms, L.V.P.; Afanasyeva, N.I. Cellular effects of low power laser therapy can be mediated by nitric oxide. Lasers Surg.
Med. 2005, 36, 307–314. [CrossRef] [PubMed]

27. Gigo-Benato, D.; Geuna, S.; Rodrigues, A.D.C.; Tos, P.; Fornaro, M.; Boux, E.; Battiston, B.; Giacobini-Robecchi, M.G. Low-power
laser biostimulation enhances nerve repair after end-to-side neurorrhaphy: A double-blind randomized study in the rat median
nerve model. Lasers Med. Sci. 2004, 19, 57–65. [CrossRef] [PubMed]

28. Wu, Y.-H.; Wang, J.; Gong, D.-X.; Gu, H.-Y.; Hu, S.-S.; Zhang, H. Effects of low-level laser irradiation on mesenchymal stem cell
proliferation: A microarray analysis. Lasers Med. Sci. 2011, 27, 509–519. [CrossRef] [PubMed]

29. Jameie, S.B.; Masoumipoor, M.; Janzadeh, A.; Nasirinezhad, F.; Kerdari, M.; Soleimani, M. Combined therapeutic effects of low
power laser (980nm) and CoQ10 on neuropathic pain in adult male rat. Med. J. Islamic Repub. Iran 2014, 28, 5.

30. Laakso, E.-L.; Cabot, P.J. Nociceptive Scores and Endorphin-Containing Cells Reduced by Low-Level Laser Therapy (LLLT) in
Inflamed Paws of Wistar Rat. Photomed. Laser Surg. 2005, 23, 32–35. [CrossRef]

http://doi.org/10.1111/j.1468-2982.2003.00824.x
http://doi.org/10.1007/s12663-015-0843-9
http://www.ncbi.nlm.nih.gov/pubmed/27752201
http://doi.org/10.1016/j.pain.2005.03.028
http://www.ncbi.nlm.nih.gov/pubmed/15911160
http://doi.org/10.1177/0333102417738202
http://www.ncbi.nlm.nih.gov/pubmed/29368949
http://doi.org/10.1111/j.1600-0714.1999.tb02052.x
http://doi.org/10.1155/2003/654735
http://doi.org/10.2217/fnl.11.23
http://doi.org/10.1007/s10439-011-0454-7
http://www.ncbi.nlm.nih.gov/pubmed/22045511
http://doi.org/10.1523/JNEUROSCI.4040-14.2015
http://doi.org/10.1186/s12990-015-0057-7
http://doi.org/10.1038/nrm3412
http://doi.org/10.1213/01.ane.0000204318.35194.ed
http://doi.org/10.1042/BJ20110162
http://doi.org/10.1002/14651858.CD006605.pub2
http://doi.org/10.1007/s00482-014-1455-x
http://doi.org/10.1111/odi.12660
http://doi.org/10.1111/j.1600-0714.2011.01100.x
http://www.nice.org.uk/guidance/cg173
http://www.nice.org.uk/guidance/cg173
http://doi.org/10.1089/pho.2007.2205
http://www.ncbi.nlm.nih.gov/pubmed/18922087
http://doi.org/10.1002/lsm.20148
http://www.ncbi.nlm.nih.gov/pubmed/15739174
http://doi.org/10.1007/s10103-004-0300-3
http://www.ncbi.nlm.nih.gov/pubmed/15316855
http://doi.org/10.1007/s10103-011-0995-x
http://www.ncbi.nlm.nih.gov/pubmed/21956279
http://doi.org/10.1089/pho.2005.23.32


Antioxidants 2022, 11, 533 25 of 28

31. Hagiwara, S.; Iwasaka, H.; Okuda, K.; Noguchi, T. GaAlAs (830 nm) low-level laser enhances peripheral endogenous opioid
analgesia in rats. Lasers Surg. Med. 2007, 39, 797–802. [CrossRef]

32. Cg, S.K.; Maiya, A.G.; Hande, H.M.; Vidyasagar, S.; Rao, K.; Rajagopal, K.V. Efficacy of low level laser therapy on painful diabetic
peripheral neuropathy. Laser Ther. 2015, 24, 195–200. [CrossRef]

33. Sakurai, Y.; Yamaguchi, M.; Abiko, Y. Inhibitory effect of low-level laser irradiation on LPS-stimulated prostaglandin E2
production and cyclooxygenase-2 in human gingival fibroblasts. Eur. J. Oral Sci. 2000, 108, 29–34. [CrossRef]

34. Cotler, H.B.; Chow, R.T.; Hamblin, M.R.; Carroll, J. The Use of Low Level Laser Therapy (LLLT) For Musculoskeletal Pain. MOJ
Orthop. Rheumatol. 2015, 2, 00068. [CrossRef]
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