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Abstract

To evaluate the effectiveness of photobiomodulation (PBM) on primary burning mouth syndrome (pBMS). We searched Chinese
and English studies published before February 10, 2020. The databases used include PubMed, EMBASE, the Cochrane Library,
Web of Science, Wanfang Database, and China National Knowledge Infrastructure (CNKI). Randomized controlled clinical
trials (RCTs) that used the PBM to treat pBMS and reported specific treatment outcomes were considered for inclusion. We
eventually included 12 RCTs, and 574 samples were included in these studies. The primary outcomes investigated were pain
reduction and life quality improvement. A meta-analysis performed on 9 groups in 5 trials showed that PBM was effective in
reducing pain compared with placebo (MD —1.86, 95% CI —2.59 to —1.13, Z=4.99, P<0.00001). Meta-analysis was also
performed on 7 groups in 4 trials and showed that PBM was effective in improving life quality compared with placebo (MD —
3.43,95% CI—5.11to—1.75,Z=4.00, P < 0.0001). Qualitative analysis of the included RCTs found that PBM might also play a
role in the decrease of TNF-o and IL-6 in saliva. Three studies that compared PBM with medications were evaluated by
descriptive analysis. None of the treatment-related adverse event was reported. Up to date, PBM appears to have an effect on
pain reduction and life quality improvement in pBMS patients. However, more evidence is still required to warrant its efficacy
and safety in treating pPBMS.
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Introduction

Primary burning mouth syndrome (pBMS) is a complex
chronic pain disorder. The International Headache Society
defines it as an intraoral burning or dysesthetic sensation, re-
curring daily for more than 2 h over more than 3 months,
without clinically evident causative lesions [1]. And the
International Association for the Study of Pain (IASP) defines
that BMS (also known as glossodynia, glossopyrosis, oral
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dysesthesia, or stomatodynia) is a chronic intraoral burning
sensation that has no identifiable cause either local or systemic
condition or disease [2]. The prevalence of pPBMS ranges from
0.7 to 15%, with an average age ranging from 55 to 60 years,
mainly affecting perimenopausal women, and with a
female:male ratio of about 7:1 [3].

The chronic pain caused by pBMS is usually bilateral. The
most common site that pPBMS patients complain of pain is the
tongue, especially the first two-thirds of the tongue. The pain
can also occur in the palate, gum, lip mucosa, and other places.
Accompanying symptoms include dry mouth, sensory abnor-
malities, and taste changes [4]. In addition, pBMS patients are
prone to sleep disturbances, headaches, and more severe men-
opausal symptoms [5]. Furthermore, it may be accompanied
by severe emotional distress (anxiety, depression, or anger) or
disturbed oral functions such as eating, yawning, and even
speaking [6], seriously affecting patients’ quality of life.
Although about half of the patients show a trend of spontane-
ous remission within 6 to 7 years, pBMS still leads to a decline
in overall quality of life and increased psychological stress for
a long time [7]. Since the pathogenesis of pBMS is not fully
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understood yet, both the diagnosis and treatment of pBMS are
challenging [8]. Currently, medications used to treat pBMS
include antidepressants, antipsychotics, anticonvulsants, anal-
gesics, and topical capsaicin, while the multiple side effects
make it impossible for patients to tolerate long-term treatment
[3].

Photobiomodulation (PBM) is a therapy that mainly uses
red or near-infrared light to have beneficial effects on cells or
tissues. PBM has potential analgesic, anti-inflammatory, bio-
logical stimulation and bactericidal effects, so PBM can help
relieve pain, accelerate the resolution of the inflammatory
process, and promote the healing of damaged tissues.
However, the underlying action mechanism of PBM has not
been completely clarified yet. The most accepted theory is that
light is absorbed by the cytochrome C oxidase (CcOx) in the
mitochondria, resulting in an increase in adenosine triphos-
phate (ATP). Meanwhile, PBM may lead to a transient burst
of reactive oxygen species (ROS), followed by a decrease in
the oxidative stress. In stressed or hypoxic cells, nitric oxide
(NO) competitively replaces oxygen and binds to CcOx,
thereby inhibiting cellular respiration and reducing ATP pro-
duction. PBM could reverse this inhibition by dissociating NO
from its binding sites to CcOx. Another possible mechanism
of PBM could be the release of Ca”*. The concentration of
cellular Ca®* regulates a number of reactions and is important
for signal transduction [9, 10]. In addition, although PBM has
long been considered a non-thermal treatment, a new theory
proposes that selective absorption by CcOx may lead to local
increase of intracellular thermocline, and the microscale ther-
mal change may have important significance in the mecha-
nism of PBM [11].

PBM has been reported effective in reducing chronic low
back pain, chronic neck pain, and other types of chronic pain
[12]. A meta-analysis showed that PBM was effective in
treating both acute and chronic neck pain, and the treatment
effect for patients with chronic neck pain can be maintained
for 22 weeks [13]. Another meta-analysis conducted by
Huang et.al found that PBM was an effective way to reduce
pain in non-specific chronic low back pain patients [14].
Moreover, PBM is recommended for the prevention of oral
mucositis (OM) and related pain in cancer patients by the
Mucositis Study Group of the Multinational Association of
Supportive Care in Cancer/International Society of Oral
Oncology (MASCC/ISOO). The evidence supports the use
of specific settings of PBM therapy for the prevention of
OM in specific patient populations, including patients who
received hematopoietic stem cell transplantation, head and
neck (H&N) radiotherapy (without chemotherapy), and
H&N radiotherapy with chemotherapy. It is considered
patient-friendly especially in the treatment of pediatric pa-
tients [15]. In dentistry, PBM is also used as an alternative
physical therapy or supplementary approach. It has effects
on reducing pain and swelling after the extraction of third
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molar [16], reducing temporomandibular joint pain and ortho-
dontic pain [17, 18], and reducing lesion size and pain in
patients with lichen planus [19].

For pBMS, as a chronic pain disorder, PBM may provide
new therapeutic strategies and possibilities for the manage-
ment. An animal study has indicated that reduced sensory
nerve conduction and the increase of blood flow by PBM
might be involved in the pain relief [20]. In the last few years,
more clinical studies have reported the effects of PBM on
pBMS. Although it had been shown that PBM is favorable
in reducing pain in pBMS patients, the results are still contro-
versial. Pezelj-Ribari¢ et al. found that there were no statisti-
cally significant differences in VAS (visual analog scale) be-
tween the PBM group and the control group [21]. Meanwhile,
the application parameters (wavelength, power, dose, expo-
sure time, optical spot size) and techniques that make PBM
effective in treating pPBMS need to be optimized. Therefore,
we undertook a systematic review and meta-analysis to pro-
vide the up-to-date evidence of PBM for treating pBMS.

Methods
Search strategy

Literature search was based on the standards of the Preferred
Reporting Items for Systematic Reviews and Meta-analysis
(PRISMA) [22]. Two authors (WQZ and WWZ) independent-
ly searched Chinese and English studies published before
February 10, 2020, in the following databases: PubMed,
EMBASE, the Cochrane Library, Web of Science, Wanfang
Database, and China National Knowledge Infrastructure
(CNKI). The following terms were searched in combination:
(“photodynamic therapy”” OR photochemotherapy OR photo-
therapy OR laser OR photomodulation OR
photobiomodulation OR “low level light therapy” OR LLLT
OR “Low Power Laser Therapy” OR Irradiation OR
Biostimulation OR “low energy laser therapy” OR “low in-
tensity laser therapy” OR “low level laser therapy”) AND
(“burning mouth syndrome” OR “stomatodynia” OR
“stomatopyrosis” OR “glossopyrosis” OR “glossodynia” OR
“sore mouth” OR “sore tongue” OR “oral dysesthesia” OR
“glossalgia”). We also referred to the references of included
studies to avoid omitting any study related to our review.

Inclusion criteria

Studies selected in this review must meet the following
criteria: (I) randomized controlled clinical trials (RCTs) that
treat pBMS using PBM in any wavelength, power, or energy;
(ID) studies that reported specific treatment outcomes; and (I11)
studies published in English or Chinese.
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Exclusion criteria

Review articles, letters to editors, conference abstracts, patent-
ed inventions, unpublished articles, and articles unable to get
the full text were excluded in this review.

Data extraction

Two authors (WQZ and WWZ) performed a complete evalu-
ation and determined inclusion by reading full-text articles
independently. The two authors compared their selected arti-
cles, and if they disagreed, the third author (ZMY) reached a
consensus. Data extracted from the included studies were
summarized in a table, including age, sex ratio, sample size,
intervention, follow-up time, outcome measurements, and
overall results.

Risk of bias

Two authors (WQZ and LJH) used the Cochrane risk of bias
assessment criteria to assess the risk of bias in the included
studies. The bias considered included random sequence gen-
eration, allocation concealment, blinding of participants and
personnel, blinding of outcome assessment, incomplete out-
come data, and selective reporting.

Data synthesis

We used the Review Manager Software version 5.3 to perform
this meta-analysis. We assessed the effectiveness of PBM on
pBMS by means of the weighted mean difference (WMD) and
95% confidence interval (CI). The I* metric was used to indi-
cate the statistical heterogeneity of the included studies. When
P>0.1 and P< 50%, the studies were considered to have
sufficient homogeneity, and a fixed effect model was adopted.
When P<0.1 and P> 50%, the studies were considered to
have heterogeneity, and a random effects model was adopted.
Meta-analyses were performed on two outcomes: pain reduc-
tion and life quality improvement.

Results
Characteristics of the included studies

The database search results contained a total of 397 refer-
ences. After removing 144 duplicate references, 253 were
analyzed by scanning article titles and abstracts or even read-
ing the full text. Then, 230 articles were excluded, and even-
tually, we included 12 studies in this systematic review.
Among these studies, 6 were conducted in Europe, 3 in
South America, and 3 in Asia [21, 23-33] (Fig. 1).

The 12 RCTs included 574 subjects in total. The data ex-
tracted from these RCTs are shown in Table 1.

Risk of bias

According to the Cochrane handbook, the potential risks of
bias in the 12 RCTs were obtained. The overall risk of each
bias is shown in Fig. 2, and Fig. 3 shows the risk of each bias
in the included studies respectively. The performance bias,
attribution bias, and reporting bias of these RCTs were gener-
ally low.

Pain reduction

Five RCTs that provided data of pain reduction by means =+
SD (standard deviation) were included in the meta-analysis
[26-30]. The heterogeneity analysis of the 9 groups in 5 trials
yielded ¥ =26.01, P=0.001, and P = 69%. Therefore, a ran-
dom effects model was used for the analysis and showed that
PBM was effective in reducing pain compared with placebo,
measured by VAS (MD —1.86,95% CI—2.59to—1.13,Z=
4.99, P<0.00001) (Fig. 4).

From the study of Valenzuela et al. [26], the improvements
of VAS from initial to the end of treatment were 15.7% and
15.6% respectively in the two PBM groups, while that of the
placebo group was 7.3%. Moreover, the study of Spanemberg
et al. reported that the initial average VAS was 8.9 in the laser
group and 8.3 in the control group (P> 0.05). At 2 months of
follow-up, the values were 4.7 and 5.1 respectively. In addi-
tion, a significant improvement for the laser group at the two-
month follow-up was observed (P =0.0038) [23]. Bardellini
et al. stated that at the end of the last session, the pain symp-
toms of patients in the PBM group were significantly relieved
and the treatment effects lasted for 1 month [24]. The research
from Sikora et al. showed that pain was significantly reduced
in both experimental and placebo groups [25].

Life quality improvement

A meta-analysis was performed on 7 groups in 4 trials that
compared experimental groups with placebo groups in favor
of PBM for life quality improvement [24, 26, 28, 29].
Heterogeneity between the 4 studies was found after pooling
the data (x2 =13.39, P=0.04; P = 55%). Therefore, a random
effects model was used for the analysis and showed that PBM
was effective in improving life quality compared with place-
bo, measured by OHIP-14 (MD —3.43, 95% CI —5.11 to —
1.75, Z=4.00, P< 0.0001) (Fig. 5). However, the research
from Sikora et al. showed that neither the experimental nor the
placebo group improved the OHIP-14 scores [25].
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Fig. 1 Trial flow and study
selection
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Changes in other outcomes of PBM-treated pBMS
patients

Both Spanemberg et al. [23] and Valenzuela et al. [26] report-
ed that no statistical differences in terms of hospital anxiety—
depression scale were found between the groups before or
after the treatment. Moreover, Valenzuela et al. assessed the
xerostomia before and after the treatment, but no significant
changes were found in either group [26]. Pezelj-Ribaric¢ et al.
measured levels of proinflammatory cytokines in saliva and
discovered that TNF-« and IL-6 reduced obviously in the
PBM group [21].

Three studies that compared PBM with medications were
evaluated by descriptive analysis. Arduino et al. randomly
divided 33 pBMS patients into the PBM group and the clo-
nazepam group, and finally found that PBM appeared to have
effect on reducing burning sensation than clonazepam [31].
Barbosa et al. compared the efficiency of PBM with alpha-
lipoic acid (ALA) in treating pBMS and showed that PBM
was more effective in reducing burning sensation than ALA
[32]. In the study of Yang et al., both laser and mecobalamin
were effective to reduce the symptoms of pPBMS, but the com-
bination of laser and mecobalamin was more effective [33].

Heterogeneity was assessed by considering possible differ-
ences in various aspects, and it was noted that laser parameters
and treatment courses were heterogeneous. Details for wave-
length, power density, power, dose, energy, optical spot size,
exposure time, and treatment courses are listed in Table 2. The
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parameters of PBM were in the following ranges: wavelength
of 630~1064 nm, power of 30~3200 mW, dose of 1~200 J/
cm?, optical spot size of 0.028~1 cm?, and exposure time per
point of 4~58 s. As to the treatment course of PBM, it ranged
from 2~10 weeks in the included studies and the frequency
varied from daily to once a week.

Sensitivity analysis

Sensitivity analysis was performed by removing studies one
by one in both meta-analyses. For continuous data from VAS
in pBMS, we detected significant heterogeneity (x* =26.01,
P=0.001, and I* = 69%). Removal of the two groups [26, 27]
that used 6-J energy eliminated statistical heterogeneity (x* =
10.83, P=0.009, and P =45%). For continuous data from
OHIP-14 in pBMS, we detected slight heterogeneity (x* =
13.39, P=0.04; I> =55%). After removing one study [29]
using a 630-nm wavelength, the statistical heterogeneity was
eliminated (x* =7.58, P=0.018, and I* = 34%).

Discussion

PBM is a non-invasive, painless tool that can be easily avail-
able. More and more evidence shows that the main role of
PBM is to stimulate mitochondrial cytochromes and then to
initiate secondary cell-signaling pathways. Studies showed
that PBM was effective in many parts of the body, such as
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Fig. 2 Risk of bias graph. The
overall risk of each bias is
presented as a percentage
representing the risk in all the
included studies
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for the treatment of musculoskeletal injuries, degenerative dis-
eases, and dysfunction [34]. pBMS is a chronic pain disorder
mainly affecting perimenopausal women and seriously affects
the quality of life of the patients [35]. In recent years, PBM has
emerged as a potential non-invasive treatment for pPBMS with
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a handful of studies that have shown that PBM therapy is
effective in reducing burning symptoms in pBMS patients.

This systematic review conducted a thorough literature
search to evaluate the effectiveness of PBM on pBMS. We
eventually included 12 RCTs with 574 samples. Our meta-
analysis showed that PBM was effective in reducing pain
and improving life quality compared with placebo.
However, we detected heterogeneity in the pooling data when
performing meta-analysis. Delivery parameters such as wave-
length, power density, dose, optical spot size, and number of
points of application might be the reason for the differences
found in the outcome. However the reported clinical settings
were variable, limiting data integration. More rigorously de-
signed studies are required to clarify which parameter is the
most effective in treating pPBMS.

Dose is the basic parameter of PBM and represents the total
amount of energy delivered to the surface unit area [9]. The
characteristics of biphasic dose response of PBM show that
very small doses of light have no effect but slightly higher
ones have positive effect until a plateau is reached, and excess
energy may lead to photobioinhibition rather than
photobiostimulation. It is currently proposed that higher doses
are more beneficial for pain relief, and there is a multiphasic
dose response to PBM, which may be more useful than the
generally accepted biphasic dose response [11, 36]. The stud-
ies included in this review showed huge differences in dose,
ranging from 1 to 200 J/cm®. Valenzuela et al. [26] and
Spanemberg et al. [28] used high doses that exceed 100 J/
cm?, while the doses in the other studies (except for three
unspecified studies) are between 1 and 12 J/cm®. The optical
spot size varies from 0.028 to 1 cm?, while Arbabi-Kalati et al.
[29] and Cui et al. [30] did not specify this. Regarding the
number of points of application, Arbabi-Kalati et al. selected
10 areas on the oral mucosa (buccal mucosa: 2, tongue: 2,
floor of the mouth: 2, soft palate: 1, and hard palate: 1) [29].
In the study of Valenzuela et al., the laser was applied at 10
points in the area where patient reported symptoms [26], while
in the study of Pezelj-Ribari¢ et al., only the tongue mucosa
received laser irradiation [21].
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Experimental Control Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV. Random, 95% CI IV, Random, 95% CI
Arbabi-kalati 2015 36 3 10 8 15 10 71% -440[-648 -232) ¥
Cui 2017 (1) 1.5 133 30 353 227 30 13.0% -2.03 [-2.97, -1.09]
Cui 2017 (2) 16 1.55 30 353 227 30 127% -1.83 [-2.91, -0.95] -
Spanemberg 2015 (1) 32 252 20 6.05 17 19 10.6% -2.85[4.19, -1.51] -
Spanemberg 2015 (2) 3 231 20 605 17 19 11.0%  -3.05[<4.32, -1.78] . —
Spanemberg 2015 (3) 432 2868 19 605 1.7 19 10.1%  -1.73[-3.16, -0.30] -
Sugaya 2016 215 1.68 13 21 197 19 11.0% 0.05 [-1.22, 1.32] -1
Valenzuela 2016 (1) 638 16 16 765 12 12 12.4% -1.27 [-2.31, -0.23] — =
Valenzuela 2016 (2) 706 1.8 16 765 12 12 12.0% -0.59 [-1.70, 0.52] e
Total (95% CI) 174 170 100.0%  -1.86 [-2.59, -1.13] -
Heterogeneity: Tau? = 0.84; Chiz = 26.01, df = 8 (P = 0.001); I* = 69% j‘ 2 5 2 j‘

Test for overall effect: Z=4.99 (P < 0.00001)

Favours [experimental] Favours [control]

Fig. 4 Forest plot of the meta-analysis for PBM versus placebo regarding pain reduction

Furthermore, the technique of application may be more
helpful and worthy of more attention. Two techniques are
available for irradiation of target tissue, respectively spot tech-
nique and scanning technique [9]. Arduino et al. used the spot
technique and the laser probe held perpendicularly at a dis-
tance of about 2 mm from the mucosa [31]. With the spot
technique, energy is delivered point by point until the entire
surface irradiated is covered. If the laser beam is collimated,
the probe should be held perpendicular to the tissue and at a
distance; the beam diameter does not vary with distance.
Conversely, if the emitted beam is divergent, the probe should
be in contact with the target tissue to avoid changes in dose
and power density due to possible variations in distance. In the
study of Sugaya et al., laser irradiation was delivered in the
scanning mode with the laser point in contact with the mucosa
[27]. With the scanning technique, the probe is slid over the
surface to treat, using different patterns. Whatever pattern is
chosen, the surface to be treated must be irradiated in a uni-
form way [9].

A single treatment is usually sufficient for acute and post-
operative therapy. However, for chronic pain and degenera-
tive diseases, up to 10 treatments may be required [37]. As to
the treatment course of PBM for pBMS, it ranged from 2 to
10 weeks in the included studies, and the frequency varied
from daily to once a week. Cui et al. found that daily and
every other day irradiation achieved the same treatment effect
under the same treatment course [30]. Spanemberg et al. found
that in the symptom scales of OHIP-14, a significant

Experimental Control
Study or Subgroup Mean SD Total Mean SD Total Weight
Arbabi-kalati 2015 128 114 10 286 115 10  26%
Bardellini 2019 7.09 259 43 1084 413 42 23.9%
Spanemberg 2015 (1) 854 51 20 1239 382 19 16.3%
Spanemberg 2015 (2) 6.89 4.05 20 1239 362 19 18.3%
Spanemberg 2015 (3) 977 492 19 12.39 362 19 16.4%
Valenzuela 2016 (1) 28.81 3.2 16 2925 57 12 125%
Valenzuela 2016 (2) 2862 58 16 2925 57 12 10.0%
Total (95% Cl) 144 133 100.0%

Heterogeneity: Tau® = 2.52; Chi* = 13.39, df = 6 (P = 0.04); I’ = 55%
Test for overall effect: £ =4.00 (P <0.0001)

Mean Difference

difference was observed between the IR3W laser group (three
times a week for 3 weeks) and the control group. However, the
IR1W laser group (once a week for 10 weeks) did not differ
significantly in relation to the control group [28]. Valenzuela
et al. found that PBM reduced pain and improved life quality
significantly from baseline to 2 weeks in groups I and II (once
a week for 4 weeks) compared with the placebo group.
Nevertheless, no statistical differences were found from 2 to
4 weeks [26]. The variety of treatment courses and frequency
of the included studies made us think of a question about the
optimum treatment course and frequency. While ensuring the
effectiveness of PBM, physicians should also consider how to
ensure the compliance of patients.

Five RCTs of the included studies provided follow-up data
ranged from 1 to 3 months, with VAS as the primary outcome
measurements. Arduino et al. compared the effectiveness of
PBM and clonazepam on pBMS; PBM appeared to be supe-
rior in reducing pain sensation at the 12-week follow-up peri-
od [31]. The study from Spanemberg et al. found a significant
improvement in the laser group at the 2-month follow-up [23].
In the study of Bardellini et al., the patients treated with PBM
showed a significant decrease in symptoms after the complete
course of therapy, which was maintained at the 1-month fol-
low-up [24]. Spanemberg et al. found that symptoms were
relieved in all groups at the last treatment and maintained
throughout the 8-week follow-up [28]. Based on these prelim-
inary trials, PBM is able to reduce the symptoms of pPBMS
with a constant and long-lasting effect. But the number of

Mean Difference

IV. Random. 95% Cl IV. Random. 95% Cl
-15.80 [-25.84,-5.76] ¥
-3.55 [-5.02, -2.08] —
-3.85 [-6.62, -1.08] —
-5.50 [-7.91, -3.09] —
-2.62 [-5.37, 0.13] —
-0.44 [-4.03, 3.15] . I
-0.63 [-4.93, 3.67] —
-3.43 [-5.11, -1.75] N
10 5 0 5 10

Favours [experimental] Fawvours [control]

Fig. 5 Forest plot of the meta-analysis for PBM versus placebo regarding life quality improvement
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Table 2 Laser therapy parameters of the included studies
Author/year Wavelength Power density Power Dose Energy Optical spot size Exposure Treatment course
(nm) (W/em?) (mW) Jem® (D) (cm?) time
Spanemberg 808 +5 1.97 200 — 3 0.088 15s 2-week sessions for 4 weeks
2019
Bardellini 2019 660~970 — 3200 — — 1 — Once a week for 10 weeks
Sikora 2018 830 — 100 12 — 1 — Once a day except weekends, total
of ten times
Valenzuela 815 — 1000 1333 4 0.03 4s Once a week for 4 weeks
2016 (1)
Valenzuela 815 — 1000 200 6 0.03 6s Once a week for 4 weeks
2016 (2)
Sugaya 2016 790 4 120 6 0.03 50's Twice a week for 2 weeks
Spanemberg 830 3.57 100 176 0.028 50's Once a week for 10 weeks
2015 (1)
Spanemberg 830 3.57 100 176 5 0.028 50s Three times a week for 3 weeks
2015 (2)
Spanemberg 685 1.25 35 72 2 0.028 58s Three times a week for 3 weeks
2015 (3)
Arbabi-Kalati 630 — 30 1 — — 10's Twice a week for 2 weeks
2015
Pezelj-Ribaric 685 — 30 3 — 1 100 s 5 days a week for 4 weeks
2013
Cui 2017 (1) 810 — 500 — 10s Once a day for 20 days
Cui 2017 (2) 810 — 500 — 10s Interval of 1 day, in total ten times
Barbosa 2018 660 — 30 — 0.07 10s One weekly session for 4 weeks
Arduino 2016 980 1 300 10 — 0.28 10's Twice a week for 10 weeks
Yang 2018 1064 — — — — 0.07 10s Once a week for 4 weeks

trials that provide a follow-up period is small, thus studies
with a long-term follow-up are essential to certify the lasting
effect of this alternative treatment.

pBMS is a complex chronic pain disorder, so VAS was
selected as the primary outcome measurement to assess sub-
jective pain relief in all included studies. It consists a 100-mm
vertical line, marked with O (= no pain) to 100 (= most severe
pain experienced) [26]. In our results, we used statistics to
demonstrate an effect in pain relief using PBM. In the study
of Spanemberg et al., the initial average VAS was 8.9 in the
laser group and 8.3 in the control group. After the eighth
session, the VAS score was 5.5 and 5.8 respectively, and at
2 months of follow-up, the values were 4.7 and 5.1 respec-
tively [23]. The difference of VAS between the laser group
and the control group is less than 1 point. Although a statisti-
cally significant improvement for the laser group at the 2-
month follow-up was observed (P =0.0038), the clinical sig-
nificance of this outcome is debatable, as a 1-point difference
in VAS is minor. In another study conducted by Valenzuela
et al., the initial average VAS was 8.38 in the laser group II
and 7.83 in the control group, and after the 4-week therapy,
the VAS score was 7.06 and 7.65 respectively. The improve-
ments of VAS from initial to the end of treatment were 15.6%
and 7.3% respectively [26]. The clinical significance of VAS

@ Springer

difference less than 1 point indicates limited clinical signifi-
cance, so more studies with different parameters are needed to
verify the pain relief effect of PBM.

For PBM, the incidence of adverse effects is low, and no
severe adverse events were reported. The potential adverse
events are mostly ocular. PBM devices emit divergent beams,
and the ocular risk diminishes over distance (within several
meters), so the operator should ensure that the laser beams are
not aimed at the eyes, and anyone who are present within
range should wear wavelength-appropriate safety spectacles
including patients and the team workers [38]. In this system-
atic review, the adverse events of PBM had not been reported
in the included studies. This may state that PBM is a safe
application with minimal side effects, and give the physician
the confidence to use PBM to treat pPBMS. However, adverse
events in large-sample trials still need to be investigated.

Although meta-analyses were performed on 5 and 4 studies
respectively, containing a larger sample size than a single
study, there were still some limitations to consider. Firstly,
our review only included English and Chinese articles. So
articles published in other languages were not included in this
review. Secondly, we are not able to extract all target data
from every included study. Thirdly, the included studies had
a large heterogeneity owing to the lack of standardization of
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the dosimetric parameters, study subject selection, outcome
measurements, and follow-up time. Therefore, rigorously de-
signed clinical researches are required to certify the effective-
ness and safety of PBM for treating pBMS patients.

Conclusions

Up to date, PBM demonstrated the effectiveness in pain re-
duction and life quality improvement in pBMS patients. It
might act as an alternative therapy for pPBMS. However, more
evidence is still required to warrant its efficacy and safety in
treating pBMS. Meanwhile, the application parameters (wave-
length, power, dose, exposure time, optical spot size, treat-
ment course) and techniques need to be optimized.
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