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Abstract

The objective of this systematic review is to evaluate the effectiveness of low-level laser therapy in the treatment of herpes
labialis. The searches were carried out independently by 2 researchers and the articles were selected through the electronic
databases according to the inclusion and exclusion criteria previously established. Initially, 480 articles were found, of which
7 randomized clinical trials and 1 clinical trial were selected. In total, 928 patients were included. In the meta-analysis, the
mean healing time for laser use was significant, showing a mean reduction of 1.37 [CI 95%=0.92 to 1.82] days for tissue
healing (p <0.0001). In the meta-analysis to evaluate the time for crust formation, there was no significant difference between
the groups and no significant reduction in the mean time for crust formation (p=0.150). Only one of the selected studies
had a low risk of bias. The use of low-level laser proved to be effective in the treatment of herpes labialis. However, due to
the high risk of bias in the included studies, there is a need to carry out new standardized studies to prove the effectiveness

of this therapy.
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Introduction

Herpes simplex virus 1 (HSV-1) is the etiological factor
of one of the most prevalent viral infections that affect the
orofacial region, the herpes labialis (HL) [1, 2]. And, it is
through contact with lesions or contaminated body fluids,
such as exudate from active lesions, saliva, and genital
secretions that this virus replicates and infects only the
superficial mucosa. After this primary infection, the virus
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enters the sensory nerve endings and is transported to the
neural cell bodies, most often causing latent infection of
these neurons and being able to reactivate periodically [1, 2].

The initial forms of HSV-1 contagion, a special emphasis,
should be given to the lesions caused by this virus, which
are highly contagious and include stages, such as prodromal,
which does not show any physical sign of the disease but
can cause symptoms such as itching, pain, and tingling;
vesicle, appearing as a small superficial blister; pustules
or ulcers; crust, which may be softened or hardened; and
finally, the healed stage, in which there is a return to normal
mucosa/skin, and there may be residual erythema. However,
the vesicle phase is more associated with high rates of
contagion, as the fluid from the vesicle stores millions of
viral particles [1, 3, 4].

HSL is a benign, self-limiting lesion, which spontaneously
disappears between 7 and 10 days after the appearance of the
first vesicles; however, especially in immunocompromised
patients, it may require a longer time for its disappearance, in
addition to presenting more recurrences in a shorter period
of time [1, 2].

Although spontaneous healing usually occurs, there are
therapeutic options to accelerate this process and reduce the
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pain caused by the injury. The standard therapeutic option
for the treatment of HLR is the antiviral acyclovir. Which
provides symptomatic relief, but is not able to cure the latent
infection. Acyclovir is administered topically, intraorally,
and intravenously [5]. Among these, topical use is consid-
ered the least effective, reducing the symptoms associated
with HLR [6] more slowly; however, it has the fewest side
effects. Intraoral or intravenous use is prescribed for indi-
viduals with a high recurrence of these lesions, or in immu-
nocompromised individuals, because their indiscriminate
use can generate side effects such as phlebitis, nausea, and
increase in liver enzymes, urea, and creatinine in addition to
being related to increased resistance of HSV-1 [5].

An excellent alternative that has been successfully used
in patients with HSL, both for the treatment of their symp-
toms and to reduce the chances of recurrence of the lesion,
is the use of laser, especially photodynamic therapy with
low-level laser (LLLT). The latter acts on the final stage
of HSV-1 replication, thus limiting viral replication from
one cell to another and also acting on the host’s immune
response, unblocking the suppression of pro-inflammatory
mediators [7, 8]. The use of LLLT associated with a chromo-
phore agent, such as methylene blue, has been used in the
healing of lesions such as those caused by HRL and mucosi-
tis [8—10].

Thus, due to a closer relationship with accelerated wound
healing, pain reduction and a possible stimulation of the
patients’ immune response, the use of low-level laser has
gained prominence as a therapeutic option for these patients
[4, 11-15]. However, although the low-level laser represents
a promising alternative for the treatment of HSL, there is
still no consensus on the standardization of its use and which
wavelength or period of application is more effective for the
treatment of this clinical condition [10, 15—-18]. Thus, the
objective of this systematic review is to answer the following

research question: Is low-level laser therapy effective in the
treatment of herpes labialis?

Materials and methods

This study was designed and conducted in accordance with
the guidelines of the PRISMA [19] and registered in inter-
national prospective register of systematic reviews (PROS-
PERO) with registration number CRD 42,021,264,802.

Research strategy

The search was carried out in six databases including the
gray literature (Medline via PubMed; Scopus; Central
Cochrane; LILACS; Embase; and Sigle via Open grey) until
September 2021. The descriptors were used “herpes labia-
lis”; “laser”’; and “herpes simplex,” in order to include as
many articles as possible for the initial evaluation. Through
these descriptors, a search with a specific algorithm was
performed in each database as shown below (Table 1). A
manual search was also carried out in the references of the
selected articles and in the researchers’ scientific article
archives.

Selection of studies

The article search process was conducted by two reviewers
(AWPB) and (PHHS), and a third reviewer (JCL) was con-
sulted for cases of disagreement in which there was no con-
sensus between the first two reviewers. These reviewers per-
formed a screening by reading the titles and abstracts; these
articles had their eligibility assessed by reading them in full
in order to select the articles included and submit them to
the risk of bias assessment. After the selection process, an

Table 1 Specific search terms for each database. Search Terms Specific for Each Database and Truncations

Electronic database Search strategy used

Items found

Keywords Herpes labialis; Herpes simplex; Lasers
PubMed ((“herpes labialis”[MeSH Terms] OR (“herpes”’[All Fields] AND “labialis”[All Fields]) OR “herpes 391
labialis”[All Fields]) AND (“lasers”[MeSH Terms] OR “lasers”[All Fields])) OR ((“herpes
simplex”[MeSH Terms] OR (“herpes”[All Fields] AND “simplex”[All Fields]) OR “herpes
simplex”[All Fields]) AND (“lasers”[MeSH Terms] OR “lasers”[All Fields]))
Scopus TITLE-ABS-KEY ( herpes AND labialis AND laser OR herpes AND simplex AND laser) 50
COCHRANE IDSearchHits 32
#1 “herpes labialis OR herpes OR labialis”:ti,ab,kw (Word variations have been searched)
#2"Lasers OR laser” ti,ab,kw (Word variations have been searched)
#3 “herpes simplex OR herpes OR simplex” ti,ab,kw (Word variations have been searched)
#4 #1 AND #2 OR #3 and #2
LILACS herpes labialis AND laser OR herpes simplex AND laser AND ( db:(“LILACS”)) 7
Grey literature
OpenGrey Herpes labialis and laser or herpes simplex and laser 0
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evaluation of the kappa index was carried out in order to
assess the level of agreement between the evaluators.

Inclusion criteria

Studies with randomized and observational clinical trials
(prospective and/or retrospective) that evaluated the effec-
tiveness of low-level laser in the treatment of herpes simplex
labialis. This effectiveness was evaluated through the reduc-
tion of signs and symptoms of HLR in studies carried out
in humans without restriction of age, sex, and ethnicity; no
language restriction was performed.

Exclusion criteria

Exclusion criteria are as follows: report studies or case
series, cross-sectional studies, systematic reviews; duplicate
studies and/or that did not report results after the end of the
research; and preclinical studies.

Variables

The primary variable of this study was the effectiveness
of low-level laser in reducing signs and symptoms caused
by HLR. These data were expressed in absolute values and
percentages.

The secondary variables were healing time, crusting time,
use of red or infrared laser, laser exposure time, and effects
of laser on recurrence of HLR lesions, as well as the use of
antivirals, concomitant, or not to treatment.

Assessment of risk of bias and quality of studies

The tool Revised Cochrane risk-of-bias tool for randomized
trials (RoB 2.0) was used to assess the risk of bias of the
randomized controlled trials that were selected. This tool
assesses five domains: bias in the randomization process,
deviations from the intended intervention, bias due to miss-
ing data, bias in measuring outcomes, and bias in reporting
outcomes. Each domain determines whether there was a low
risk of bias, some concerns, or a high risk of bias. Enabling
the realization of judgment increases the risk of bias arising
from each domain through the use of an algorithm, which
helps reviewers to assess the important factors in the evalu-
ation of each domain.

Meta-analysis

Data were tabulated in Microsoft Excel and exported to Rev-
man in which the meta-analysis of the difference of means
by inverse variance and fixed effect method. Additionally,
the I* heterogeneity coefficients were calculated.

Results

In the initial search, 480 results were found: 391 in Medline
via PubMed, 50 in Scopus, 32 in Central Cochrane, 7 in
LILACS, and 0 in Sigle via Open grey. Of these, 73 were
excluded after removing duplicate articles, and another 391
after reading the titles and abstracts. The remaining 16 were
read in full and 8 more were excluded. The reasons were
case report/case series (n=2) [20, 21], use of high-power
laser (n=1) [22], incomplete article (n=1) [10, 23], obser-
vational study (n=1) [24], study without a control group
(n=1) [25], study without presentation of results (n=1)
[26]; at the end of this selection, stage 08 was chosen to
compose this systematic review [15-18, 27, 28]. The Kappa
index among the evaluators was 0.93 (CI 95%: 0.91; 0.95).
The details of the selection process can be seen in Fig. 1
(flowchart).

Risk of bias assessment

All articles selected were prospective studies, 07 of which
were randomized clinical trials and 01 clinical trial. The
eight were submitted for evaluation of bias through RoB
2. Through the tool’s criteria, it was observed that three
articles had a high risk of bias [18, 28, 29], four articles
had some concerns at risk of bias [15-17, 27], and only
one with a low risk of bias [30]. The complete data can
be seen in Fig. 2.

Country of studies

The studies evaluated came from eight countries, one study
carried out in Spain, one in Austria, two in England, one in
Brazil, one in Cuba, one in Serbia, and another in Iran.

Patients

The selected studies worked together with a sample of 928
patients, 295 (31.8%) men, and 333 (35.9%) women and
300 not reported (32.3%). Two studies used oral acyclovir
[18, 27], and one of them used topical acyclovir [27], with
a total of four studies using topical acyclovir [15, 18, 28,
29]. Regarding the use of placebo laser in control groups,
five of the 09 studies reported use. The follow-up time of
these individuals ranged between 06 and 1825 days. One of
these studies carried out a pilot study previously and these
data, which were reported independently, allowing different
analyses in the same study [18]. Four studies did not analyze
the effectiveness of laser [15, 16, 18, 29], such as healing time
and crust formation. However, another five studies [17, 18, 27,
29, 30] (including the pilot study by [18] performed such an
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Fig. 1 Flowchart of the study
selection process

Fig.2 Bias assessment using
RoB 2 tool
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evaluation and one of them was able to verify[18] the onset
of crust formation in 29 h with the use of laser [30]. Another
study found that the total healing time together with the end
of the signs of the disease was 7 days for patients using laser
and that for the same time, 77 of 116 patients using topical
acyclovir still had vesicles [18]. This data can be seen in full

in Tables 2 and 3.
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Pain analysis with the VAS scale

Three of the eight studies used the VAS scale for pain
analysis [15, 28, 29]. In the group that performed only
the laser in the study by [29], the scale result on the sec-
ond day was 2 to 1 on the fifth day; in the control group,
which used topical Acyclovir, the scale went from 3 on
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Table 3 Laser effectiveness analysis (healing time and crust formation time)

Authors and year Healing time

Crusting time

Just laser (L) Standard therapy 1 ~ Standard therapy 2  Standard Just laser (L) Standard therapy 1
(ST 1) (ST 2) therapy 3 (ST1)
(ST 3)
VELEZ- UN 9.16 days 9 days 7.85days  UN UN
GONZALEZ
etal., 1994
[16] UN UN UN UN UN UN
[17] 6.3 days (SD 2.99) 9.4 days (SD4.58) UN UN 48 h (SD 29.04) 67,2 h (SD 31.44)
[15] UN UN UN UN UN UN
[18] UN UN UN UN UN UN
[18](pilot)* After 7 days, there  After 7 days, 77 UN UN After 7 days, there  After 7 days, 29 had
were no more patients had were no more crust formation
signs of the vesicles signs of the
disease disease
[30] 5.37 days (SD 2.63) 7.37 days (SD 3.02) UN UN 29 h (SD 23.8) 33 h (SD 40.8)
[29] UN UN UN UN UN UN
[28] 2.2 days (SD 0.41) 4.3 days (SD 1.03) 3.4 days (SD 1.042) UN UN UN

UN, unrealized; L, laser; ST1, standard therapy 1; ST2, standard therapy 2; ST3, standard therapy 3; VR, not reported; SD, standard deviation

the second day to 2 on the fifth day and only obtained a
null result on the seventh day. These data can be viewed
in full in Table 4.

Therapies used and the recurrence of herpes

Four of the eight studies were able to make such an
assessment [15, 16, 18, 27]. Schindl and [16] reported

the recurrence of herpes during a 10-week follow-up in
04 of the 24 patients who used the laser; in those 24 who
used the placebo laser, 21 had recurrence during the first
10 weeks. [18] (pilot*) were able to verify that 84 of the 116
individuals treated with laser had recurrence of lesions in the
first year, while all subjects treated with topical acyclovir
had recurrence in the first year. These data can be seen in
full in Table 5.

Table 4 Pain analysis with the VAS scale

Authors and year Just laser (L) Standard therapy 1 (ST 1) Standard therapy 2 (ST 2) Standard
therapy 3
(ST 3)
VELEZ-GONZALEZ ~ NR NR NR NR
et al., 1994
[16] NR NR NR NR
[17] NR NR NR NR
[15] 0.113 0.184 UN UN
Average pain per month Average pain per month
[18] NR NR NR NR
[18](pilot)* NR NR NR NR
[30] NR NR NR NR
[29] VAS scale VAS scale UN UN
Day 2=2 Day 2=3
Day 5=1 Day 5=2
Day 7=0 Day 7=0
[28] VAS scale VAS scale VAS scale NR
Day 2=0.85 (0.99) Day 2=3.20 (2.84) Day 2=2.55 (1.82)
Day 5=0(0.0) Day 5=0.0 (0.0) Day 5=0(0.0)

UN, unrealized; L, laser; ST, standard therapy 1; ST2, standard therapy 2; ST3, standard therapy 3; NR, not reported; NA, not applicable; SD,

standard deviation; VAS Scale, visual analogic scale
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Table 5 Studies that evaluated the effect of the therapies used and the recurrence of herpes and their results

Authors and year Relapses (year)

Just laser (L) Standard therapy 1 (ST 1) Standard therapy 2 (ST 2) Standard therapy 3 (ST 3)
VELEZ- . UN Before: 5.2 Before: 7.83 Before: 7.28
GONZALEZ After: 2.8 (number/year) After: 1.16 (number/year) After: 1.28 (number/year)
etal., 1994
[16] First 10 weeks: 04 First 10 weeks: 21 UN UN
[15] They reported an average of They reported an average of UN UN
3116 recurrences per month 3.48 recurrences per month
[18] First year: 35 NA NA NA
Second year: 42
Third year: 149
Fourth year: 41
Fifth year: 22
[18](pilot)* 84 in 1 year 116in 1 year UN UN

UN, unrealized; L, laser; ST, standard therapy 1; S72, standard therapy 2; ST3, standard therapy 3; NR, not reported; NA, not applicable; SD,

standard deviation

Meta-analysis

It was possible to perform meta-analysis to assess healing
time. In this, three studies were included, totaling 75 patients
treated with laser and 84 patients treated with dummy laser
divided into two subgroups, treated with infrared and red
lasers. All studies demonstrated a significant reduction in
the mean healing time and the meta-analysis showed a mean
reduction of 1.37 [CI 95% =0.92 to 1.82] days for tissue
healing (p <0.0001). There was no significant heterogene-
ity (p=0.200, I>=38%) or difference between laser types
(p=0.100) (Fig. 3).

It was also possible to perform meta-analysis to evaluate
the time for crust formation. In this one, only two studies
could be included, both using infrared laser and totaling 55
patients treated with laser and 64 with dummy laser. The

Laser Dummy Laser

Study or Subgroup Mean SD Total Mean

SD Total Weight IV, Random, 95% CI

two studies did not show a significant difference between the
groups and the meta-analysis also did not show a significant
reduction in the mean time for crust formation (p =0.150).
There was no significant heterogeneity (p=0.240, I> =29%)
(Fig. 4).

Discussion

Conventionally, topical and/or systemic antiviral drugs such
as acyclovir and famciclovir are included for the treatment
of HLR. Such medications are responsible for reducing the
symptoms and severity of HLR lesions, but they are not
capable of curing or reducing the incidence of infections,
as they are associated with the emergence of drug-resistant
HSV [1]. Thus, the search for new therapeutic alternatives

Mean Difference
IV, Random, 95% CI

Mean Difference

1.1.1 Infrared

Dougal and Lee, 2013 537 263 41 7.37 3.02 46 29.5%
Hargate et al., 2006 6.3 299 14 94 458 18 8.5%
Subtotal (95% CI) 55 64 38.1%
Heterogeneity: Tau*= 0.00; Chi*= 0.56, df=1 (P = 0.46); F= 0%

Test for overall effect: Z= 3.96 (P < 0.0001)

1.1.2Red

Honarmand et al., 2017 22 0.4 20 3.4 1.042 20 61.9%
Subtotal (95% CI) 20 20 61.9%
Heterogeneity: Not applicahle

Test for overall effect: Z= 4.79 (P < 0.00001)

Total (95% CI) 75 84 100.0%

Heterogeneity: Tau®*=0.21; Chi*= 3.20, df= 2 (P = 0.20); F= 38%
Test for overall effect: Z= 3.86 (P = 0.0001)
Test for subaroup differences: Chi*= 264, df=1{P=0.10), F=62.2%

-2.00 [-3.19,-0.81] —
-3.10[-5.73,-0.47)
219 [-3.27, 1.10] i
-1.20 [-1.69,-0.71] =
1.20 [-1.69, -0.71] <>
.60 [-2.41, -0.79] -
1 2 0 2 4

Favours [Laser] Favours [Dummy Laser]

Fig.3 Meta-analysis comparing healing time between laser and dummy laser
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Laser Dummy Laser Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
Dougal and Lee, 2013 29 238 41 33 408 46 641% -4.00[-17.86, 9.86) ——
Hargate et al., 2006 48 29.04 14 67.2 31.44 18 359% -19.20[-40.23,1.83) — &
Total (95% CI) 55 64 100.0% -9.46 [-23.75,4.83] ——aniifiiie--—
ity: 2= - Chi*= = = R= + 1 t t
Heterogeneity: Tau®= 32.94; Chi*=1.40, df=1 (P = 0.24); F= 29% =0 35 0 75 50

Test for overall effect Z=1.30(P=0.19)

Favours [Laser] Favours [Dummy Laser]

Fig.4 Meta-analysis comparing crust formation time between laser and dummy laser

that reduce the incidence of lesions, treat the infection, and
symptoms of HLR has pointed to photodynamic therapy as
a non-invasive and satisfactory therapy [2—4, 7, 10, 14-30].

In a study carried out by [18], when comparing the heal-
ing time in 116 patients who underwent laser therapy and
116 who were treated with topical acyclovir, both for 7 days,
patients in the laser group had no more lesions, while in the
laser group acyclovir 77 patients still had vesicles on the
seventh day and 29 patients had crust formation. Such find-
ings were also significant in other studies such as the one
carried out by [28] in which the time required for healing of
the laser group was almost half (2.2 days) when compared
to the group treated with acyclovir (4.3 days).

Regarding the incidence of HLR lesions, a study carried
out by [15] did not find statistical significance between the
laser and acyclovir groups. However, a study carried out
by Schindl and [16] found that laser therapy is effective in
preventing HLR lesions since they observed the 24 patients
in each group for ten weeks, in which only 4 patients in
the laser group had recurrence of lesions, against 21 in the
topical acyclovir group. However, the two cited studies
used different energy densities: [15] used 3.0 to 4.5 Jlem?,
while Schindl and [16] used 48 J/cm?; thus, these differences
related to the density of energy used have been decisive in
the results found.

Although acyclovir therapy is considered the standard
therapy for the treatment of herpes simplex labialis [31], in
this systematic review, the efficacy of laser in relation to the
use of acyclovir could not be proven through meta-analysis.
This was because the included studies reported data in a
very heterogeneous way, and it was not possible to perform
statistics for this outcome; however, it is observed through
the meta-analysis that laser was superior to placebo (dummy
laser), in relation to healing time and crust formation time,
which is extremely relevant in the treatment of this pathol-
ogy. New studies should be conducted in order to statisti-
cally compare the efficacy of laser in relation to acyclovir in
the treatment of patients with herpes labialis.

It is also possible to use a chromophore agent such as
methylene blue, prior to laser exposure. Such a technique is
called photodynamic therapy (aPDT) and has been used in
cases of HLR. This photosensitizer is able to absorb light at
a certain wavelength (660 nm), so the photosensitizer can

@ Springer

lose energy through non-radioactive, radioactive (phospho-
rescence) processes, or generate reactive oxygen species
(ROS). This therapeutic alternative has been pointed out by
case reports as being effective in wound healing. However,
in the absence of well-designed clinical studies, the efficacy
of aPDT for HLR cannot be confirmed [10].

Thus, in the literature, there is a range of photodynamic
therapy protocols that can be used like the use of differ-
ent wavelengths (670—1072 nm), infrared laser or red laser,
and yet the possibility of using methylene blue as a photo-
sensitizer. Thus, there is no consensus on the type of laser
used, wavelength, and technique necessary for the effective
treatment of HLR in the analyzed studies, thus generating
different results among the variables analyzed, which is the
main limitation of this systematic review, and requiring the
establishment of a standard protocol that guides dentists in
the effective treatment of patients with HLR with the emer-
gence of new studies that prove such effectiveness.

The main limitations of this study are found in the way
the included studies reported their data, which in a very het-
erogeneous way made statistical analysis difficult, with the
only possible meta-analysis being performed only in relation
to healing time and crust formation time. Another important
limitation is the risk of bias of the included studies, with
only one considered at low risk of bias [30].

Given the high heterogeneity between the studies and
the different types of protocols used, it is not possible to
define the best type of laser to be used in the treatment of
this pathology. It was also observed in this meta-analysis
that both the red and infrared lasers were superior to the
dummy laser in relation to the duration of the lesion; how-
ever, a comparison between these lasers and acyclovir was
not possible due to important methodological differences
between the studies, not allowing the elaboration of statistics
for this outcome, so the efficacy of laser when compared to
traditional treatment still seems to be open and requires new
controlled and standardized studies to determine the best
therapeutic method [17, 28, 30].

It is important to note that, in this systematic review, the
studies included worked with very different parameters for
the low-power laser (pulse energy, wavelength, probe diam-
eter, etc....), and although it was not possible to carry out a
meta-analysis with all the included studies, it was observed
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that, in general, the laser was superior to the conventional
treatment or placebo and that, therefore, being therefore a
viable and promising therapy; however, it is important that
the clinician understands that in the literature there are sev-
eral different clinical protocols for the use of laser in the
treatment of recurrent herpes labialis and that therefore it
should be used with caution and prudence.

Although there are limitations in the meta-analysis, it is
important to note that laser was superior to other treatments
in all included studies, both in terms of pain, healing time,
crusting time, and recurrence of cold sores. Further studies
with more accurate descriptions of the data are needed in
order to reliably determine the effectiveness of low-level
laser therapy in the treatment of herpes labialis.

Conclusion

The low-level therapy laser was shown to be effective in the
treatment of herpes labialis. However, the high risk of bias
and the lack of standardization and uniform protocols among
the included studies demonstrates that its use should be done
with caution. New controlled and standardized primary stud-
ies must be carried out in order to safely determine the effi-
cacy of low-level laser in the treatment of herpes labialis.
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