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Abstract The aim of this systematic review was to assess a
potential benefit of laser use in the treatment of recurrent
aphthous stomatitis (RAS). The primary outcome variables
were pain relief, duration of wound healing and reduction in
episode frequency. A PICO approach was used as a search
strategy in Medline, Embase and Cochrane databases. After
scanning and excluding titles, abstracts and full texts, 11
studies (ten RCTs and one non-randomised controlled trial)
were included. Study selection and data extraction was done
by two observers. Study participants varied between 7–90 for
the laser and 5–90 for the control groups. Laser treatment
included Nd:YAG laser ablation, CO2 laser applied through
a transparent gel (non-ablative) and diode laser in a low-level
laser treatment (LLLT) mode. Control groups had placebo, no
therapy or topical corticosteroid treatment. Significant pain
relief immediately after treatment was found in five out of
six studies. Pain relief in the days following treatment was
recorded in seven studies. The duration of RAS wound
healing was also reduced in five studies. However, criteria of
evaluation differed between the studies. The episode frequency
was not evaluated as only one study addressed this outcome
parameter, but did not discriminate between the study (LLLT)
and control (corticosteroid) groups. Jadad scores (ranging from
0 to 5) for quality assessment of the included studies range

between 0 and 2 (mean=1.0) for studies analysing pain relief
and between 0 and 3 (mean=1.1) for studies evaluatingwound
healing. The use of lasers (CO2 laser, Nd:YAG laser and diode
laser) to relieve symptoms and promote healing of RAS is a
therapeutic option. More studies for laser applications are
necessary to demonstrate superiority over topical pharma-
ceutical treatment and to recommend a specific laser type,
wavelength, power output and applied energy (ablative
versus photobiomodulation).

Keywords Aphthousulcer .CO2laser .Diode laser .Nd:YAG
laser . Low-level laser . Photobiostimulation .

Photobiomodulation

Introduction

Recurrent aphthous stomatitis (RAS), also known as recurrent
aphthous ulceration and canker sores, is a frequent oral
mucosal disease that exhibits different geographical incidence
rates of 0.5% (Malaysia) [1], 10–15% (USA) [2], 17.7%
(Sweden) [3] and up to 25% (Iran) [4] in the respective
populations analysed. In a Caucasian population, young
adults, females and people with a higher socioeconomic status
are prone to suffer from RAS [5, 6]. RAS is known to be very
painful, and it may even have a negative effect on the quality
of life of the affected individual, impairing eating, swallowing
and speaking [7].

RAS is classified into three different types: minor RAS
(MiRAS), major RAS (MaRAS) and herpetiform aphthous
ulceration (HAU). The difference between MiRAS and
MaRAS was described for the first time in the literature by
Truelove and Morris-Owen in 1958 [8], and soon after Cook
[9] first mentioned HAU. In 80% of patients with RAS,
MiRAS is diagnosed, and thus, it is by far the most common
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type [10]. Typical initial symptoms are a localised tingling,
redness and discreet swelling of the affected non-keratinised
mucosa. After a few hours, characteristic ulcers appear with a
grey-white centre, a fibrin coverage and a red halo [11]. The
diameter of ulcers inMiRAS is usually smaller than 5 mm and
does not exceed 1 cm. The ulcers heal after a period of
10–14 days without scarring. MaRAS, also known as
Sutton’s disease, is diagnosed in 10% of all patients with
RAS and is much more painful than MiRAS. The diameter is
usually greater than 1 cm. The healing time is around 6 weeks
and often leaves a scar [6, 11]. HAU is clinically characterised
by multiple small ulcers distributed in the oral cavity and
affects less than 10% of patients with RAS [11, 12].

Currently, the etiopathogenesis of RAS is not fully under-
stood, but there are some suggested predisposing factors such
as a family history for aphthous lesions or systemic disorders
like deficiencies (e.g. vitamin B12) with or without underlying
gastrointestinal disorders, endocrine imbalance (e.g. menar-
che, menstruation and menopause) or allergies [6, 11, 13].
Mouth ulcers very similar to RAS can appear in some systemic
disorders (e.g. Behçet’s disease, MAGIC syndrome, Sweet’s
syndrome, cyclic neutropenia and HIV disease), but these
conditions should be distinguished from RAS [11, 13].
Known local predisposing factors for RAS are trauma, food
hypersensitivity, dental procedures, stress and non-smoking
[14, 15]. The aim of RAS therapy is immediate pain allevia-
tion, and ideally, therapywould decrease the frequency or even
stop the onset of acute phases. Treatment modalities are
topical or systemic. Topical interventions include mouth
rinses, pastes, gels, sprays, injections, locally dissolving
tablets and laser treatment [16]. The pharmacological
agents proposed for topical treatment include anti-
inflammatory drugs, antiseptics, antibiotics, anaesthetics
and corticosteroids [17]. Systemic medication may be
used following ineffective topical treatment, but a
Cochrane review showed that the effect of systematic
medication does not outweigh the negative side effects
of the drugs used [18]. Thus, a commonly accepted treat-
ment modality for RAS is still missing [10, 17, 19].

The use of different types of lasers has been demonstrated
to relieve pain and result in a favourable wound healing in
RAS patients. Lasers used in these studies were CO2 laser
[20–22], Nd:YAG laser [23] and diode laser, the last one mainly
for photobiomodulation in a low-level laser (LLL) mode
[24, 25]. Nevertheless, what type of laser treatment and to
which extent it is effective in the treatment of RAS are not
known. Furthermore, the potential advantages and disadvan-
tages of laser therapy compared to other therapy modalities
have not been established in the literature to date. Therefore,
the present systematic review addresses the following focused
PICO (patient–intervention–comparison–outcomes) question:
What is the effect of laser therapy (LLL/hard laser) for RAS
compared with placebo, no or other treatments in terms of (1)

pain relief (immediate and during healing), (2) duration of
wound healing and (3) reduction in episode frequency?

Materials and methods

Search strategy

A PICO approach was used in the search strategy with
MeSH/EMTRÉE and text words (Table 1). The electronic
data resources used were Medline and Embase on the OVID
platform and the Cochrane database, including all clinical
studies until 19 November 2014. The search strategy also
included a manual search of selected core journals in the field
of interest (mainly oral medicine and oral surgery; Table 1).

Inclusion and exclusion criteria

Publications written in English, German, French, Italian,
Swedish, Norwegian and Danish were included. Only studies
including patients with RAS were considered. Each study
group had to include at least five participants. Studies
reporting on the treatment of RAS with any type of laser (soft
or hard lasers) were included. Control groups could be a
placebo group, a group with the use of a different treatment
modality or without any treatment. The duration of observa-
tion had to be at least 3 days. The threshold of 3 days was
chosen because ulcerative lesions form after 2 to 48 h follow-
ing initial clinical symptoms and enlarge between 48 and 72 h
[12]. The outcomes of the studies included had to report on
pain relief and/or the effect on wound healing and/or the
reduction of episode frequency.

Study selection

Two reviewers (V.S. and S.S.) independently evaluated
the studies in three steps. First, duplicates were identified
and eliminated. After the titles, abstracts and full texts of
publications agreed by both reviewers were scanned, they
were screened using a standardised pre-quality assess-
ment. The studies were eliminated if two of the following
issues were present: (1) no randomisation; (2) only one
study group (no control or no head-to-head group); (3)
group size not clear; (4) post-interventional observation
protocol not clear or different in the group; or (5) no
statistical analysis performed. In the case of a disagree-
ment between the two reviewers, a third reviewer (M.B.)
was consulted. Finally, the full-text evaluation of the
included publications was done using a standardised data
extraction sheet.
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Data extraction

Both reviewers used a standardised data extraction sheet with
the following parameters: study type, type of laser, laser
parameters, type of treatment, placebo or no treatment in the
control group, total number of patients, number of patients in
the study laser group, number of patients in the control group,
postsurgical treatment protocol regarding observation time
points and the total duration of observation. Also, the effects
of the laser intervention were recorded: these included reduc-
tion of duration of wound healing, pain reduction and reduction
in episode frequency. Quality assessment of the included stud-
ies was performed using the Jadad score [26]. This score
assesses the quality of randomised controlled trials (RCTs) in
pain research and the effect of rater blinding. The score has a
minimum of 0 and a maximum of 5 points. The first three
points are allocated if the study was described as randomised,
as double-blinded and if withdrawals and dropouts were
accounted for. One additional point is given if the randomisation
sequencewas appropriate and one point if themethod of double-
blinding was appropriate. If the sequence of randomisation or

the methodology of double-blinding was inappropriate, one
point for each issue is deducted.

Results

Study selection

After removal of all duplicates, the electronic database search
resulted in a total of 245 studies identified. Additionally, eight
studies were identified by manual search, and three of them
were included in the final analysis [27–29]. After screening
the abstracts, 26 studies remained. Finally, 11 studies were
included for the systematic review after full-text analysis and
screening using a standardised pre-quality assessment (Fig. 1).

Of the included studies, ten were RCTs (five of themwith a
split-mouth design) [20–25, 28–31] and one was a non-
randomised controlled trial [27]. The type of laser, exposition
parameters and method of application used in each study are
shown in Table 2.

Table 1 Systematic search strategy

Focus question What is the effect of laser therapy (LLL/hard laser) for RAS compared with placebo, no or other treatments in terms of (1) pain
relief (immediate and during healing), (2) duration of wound healing and (3) reduction in episode frequency?

Search strategya

Population #1 stomatitis, Aphthous.sh. OR mouth ulcer.sh OR aphthous stomatitis.sh OR aphthous ulcer.sh OR “recurrent aphthous
stoma*”.af OR “recurrent aphthous ulcer*”.af OR “recurrent ulcerative stomat*”.af OR “recurrent oral ulcer*”.af OR
“aphth*”.af. OR “canker*”.af

Intervention #2 laser therapy.sh OR lasers.sh OR laser.sh. OR low level laser therapy.s OR “lasertherap*”af OR “LLLT*”.af OR “laser*”.af

Comparison #3 placebos.sh OR therapeutic uses.sh OR drug therapy.sh OR dermatologic agents.sh OR placebo.sh OR therapy.sh OR
“Placebo*”.af OR “transparent gel*”.af

Outcome #4 wound healing.sh OR “wound heal*”.af OR “pain relie*”.af

Search combinations (#1 AND #2) OR ((#1 AND #2) AND #3) OR ((#1 AND #2) AND #4)

Database

Electronic MEDLINE and EMBASE on the OVID platform, Cochrane

Journals (hand
search)

Journal of Oral & Facial Pain and Headache; Oral Surgery, Oral Medicine, Oral pathology, Oral Radiology; Oral and
Maxillofacial Surgery; Oral Diseases; Oral Surgery, Oral Medicine and Oral Pathology; Oral Surgery, Oral Medicine, Oral
Pathology, Oral Radiology, and Endodontology; Journal of Oral Pathology and Medicine; Advances in Dental
Research/International Association for Dental Research; International Journal of Oral and Maxillofacial Surgery; Journal of
Oral andMaxillofacial Surgery; Community Dentistry and Oral Epidemiology; Journal of Oral Pathology; The British Journal
of Dermatology; International Journal of Stomatology & Occlusion Medicine; Journal of the European Academy of
Dermatology & Venereology; Current Problems in Dermatology; Dermatologic Surgery; Dermatologic Therapy; The Journal
of Dermatological Treatment; Journal of the American Academy of Dermatology; The Journal of Dermatology: [official organ
of the Japanese Dermatological Association and the Asian Dermatological Association]; Lasers inMedical Science; Journal of
Clinical Laser Medicine & Surgery; Lasers in Surgery and Medicine: the official journal of the American Society for Laser
Medicine and Surgery

Selection criteria

Exclusion criteria Case reports, reviews; <5 patients in laser group per study; <5 patient in placebo/control/other treatment group per study; animal
or histological experiments; duration of the observation <3 days; excluding patients with similar symptoms of RAS: Behçet’s
disease, Reiter’s syndrome, recurrent erythema multiform, viral infection, celiac disease, Crohn’s disease, ulcerative colitis,
anaemia, haematinic deficiency (vit. B12, folic acid, serum ferritin), conference/congress abstracts

Inclusion criteria Case series, clinical trials (humans), RAS (no systematic conditions), laser therapy, language: English, German, French, Italian,
Swedish, Danish, Norwegian

aMesh/sh used in Medline and Emtree/sh used in Embase
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Study results

Four studies used the CO2 laser, one the Nd:YAG laser and six
the diode laser (Table 2). The CO2 laser was used in a non-
contact and non-ablative mode after application of a non-
anaesthetic gel on the aphthous ulcer [20–22, 30]. The
Nd:YAG laser was applied with a pulsed mode in direct con-
tact to the lesion until the surface epithelium was ablated [23].
The diode laser was used in pulsed [28, 31] or continuous

mode [24, 27, 29], in direct contact [25, 27, 31] or non-
contact [24, 28, 29] to the lesion, with wavelengths varying
between 670 and 940 nm depending on the type of diode laser
and an output power ranging from 0.005 to 2 W.

The effect of laser on (1) pain relief (immediate and during
healing) and on (2) duration of wound healing was analysed
separately (Tables 3 and 4). Study participants varied between
n=7 and n=90 for the laser groups and from n=5 to n=90 for
the control groups. The episodes of recurrences were described

Total records 
(n=341)

Records identified through 
Embase Ovid Search 
(n=196)

Records identified through   
Medline Ovid Search 
(n=97)

Records identified through 
Cochrane Search 
(n=48)

Duplicates removed 
(n=96)

Records remaining after 
duplicates removed 
(n=245)

Selected records after 
screening the abstracts 
(n=26)

Excluded abstracts 
(n=227)

Excluded full text 
(n=15)

Included studies for the 
systematic review 
(n= 11)

Additional records identi-
fied through hand search 
(n=8)

Total abstract records
(n=253)

Fig. 1 Flowchart of the search
results

Table 2 Laser parameters of the included studies

Authors Type of
laser

Wavelength
(nm)

Mode Output power
(W)

Exposure time
(s)

Total energy
(J)a

Gel used
(yes/no)

Distance to RAS

Salman et al. [27] GaAs diode 904 Continuous 0.005 600 (2 × 300)b 3 (2 × 1.5) No Contact

Tezel et al. [23] Nd:YAG 1064 Pulsed 2 120–180 240–360 Yesc Contact

Zand et al. [20] CO2 10,600 Continuous 1 5–10 5–10 Yesd Non-contact, 5–6 mm

De Souza et al. [25] InGaA1P diode 670 n.r. 0.05 60 0.3 No Contact

Zand et al. [21] CO2 10,600 Continuous 1 5–10 5–10 Yesd Non-contact, 5–6 mm

Hazeem et al. [28] Diode 940 Pulsed 5 30–40 150–200 No Non-contact

Sattayut et al. [30] CO2 10,600 Continuous 2 5 10 Yesd Non-contact

Prasad and Pai [22] CO2 10,600 Continuous 0.7 5–8 3.5–5.6 Yesd Non-contact, 5–7 mm

Aggarwal et al. [24] Diode laser 810 Continuous 0.5 180 (4 × 45) 90 No Non-contact, 2–3 mm

Albrektson et al. [31] GaAlAs diode 809 Pulsed 0.06 240 (3 × 80)b 14.4 No Contact

Lalabonova and
Daskalov [29]

Diode 658 Continuous 0.027 74 2 No Non-contact

n.r. not reported
a Calculated total energy: output power (in watts) multiplied by exposure time (in seconds)
b Applications on alternative days
c Anaesthetic gel
dWater-based non-anaesthetic gel
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for all participants only in one paper [25]. However, there was
no discrimination between the study (low-level laser treatment,
LLLT) and control (topical corticosteroid) groups. Thus, this
outcome had to be excluded from further evaluation.

Effect on pain

Ten out of the 11 selected studies addressed the effect on pain
as an outcome (Table 3) [20, 22–25, 27–31]. Five studies
analysed the effect on immediate and late pain relief
[20, 22, 24, 25, 30], whilst one investigation looked only
at the effect on immediate [28] and four publications only
at the effect on late pain relief [23, 27, 29, 31].

Significant immediate pain relief was found after the treat-
ment in five out of six studies [20, 22, 24, 25, 28] (Table 3). Four
of these six studies were placebo-controlled [20, 22, 24, 30].
Amongst the three placebo-controlled RCTs using the CO2 laser
through a transparent gel, the two studies with a split-mouth
design found a significant immediate pain relief [20, 22].

The late effect on pain relief was analysed in nine
[20, 22–25, 27, 29–31] out of ten studies (Table 3).
Controls varied between the use of topical corticosteroids
[23, 25, 27], topical solcoseryl/granofurin [29], placebo
[20, 22, 24, 30, 31] or no therapy [27, 28]. A significant late
pain reduction was found in seven studies [20, 22–24, 29–31].

Effect on wound healing

Nine of the selected 11 studies evaluated wound healing
(Table 4) [21–25, 27–30]. Wound healing was faster in five
studies after laser application [21, 22, 24, 28, 29]. Wound
healing was usually graded as completed when the ulcer was
absent or the mucosa was epithelialised [21, 22, 28, 29]. In
some studies, the ulcer size was compared between the groups
[24, 25, 27, 30]. One study did not evaluate the duration of
wound healing but analysed the degree of erythema (no dif-
ference between both groups) and of exudation (significantly
less in the laser group) by using a four-point scale [23].

Quality of the studies

Jadad scores were not higher than 3 for all included studies,
ranging between 0 and 2 (mean=1.0, median=1) for studies
analysing pain relief and between 0 and 3 (mean=1.1, medi-
an=1) for studies looking at wound healing. Two points were
given for appropriate description of randomisation for
Lalabonova and Dasklov [29] and Albrektson et al. [31].
Most studies got 1 point for randomisation [20–22, 24, 25].
Single blinding with placebo application of an inactivated
laser was achieved in four studies [20, 22, 24, 31]. Two studies
(Jadad score=3 [21] and Jadad score=2 [30]) were double-
blinded due to the same placebo method and the involvement
of a further researcher not involved in the initial therapy and

blinded to the type of treatment. He performed the postsurgical
clinical assessment. It was not possible to achieve blinding in
the studies with different treatment arms [23, 25, 27, 29]. Two
studies left control group subjects without treatment and thus
did not achieve blinding [27, 28]. None of the studies included
made any statement regarding withdrawals. Thus, according to
the Jadad scoring, no points could be attributed for this
criterion.

Discussion

Pain relief and duration of wound healing were regarded as the
two main parameters of interest to clinicians and patients
suffering from RAS. This systematic review analysed the effect
of lasers for the treatment of RAS regarding these two param-
eters separately. The third parameter of interest, a potential
reduction in episode frequency due to laser treatment, could
not be evaluated because the only study assessing this variable
did not discriminate between laser and corticosteroid treatment.

Laser types and settings used

On the oral mucosa, hard lasers (such as CO2, Nd:YAG or
Er:YAG) are mainly used for soft tissue incisional and
excisional biopsies or vaporisation [32, 33], and soft lasers
(LLL) are applied for the treatment of inflammatory diseases,
to promote wound healing and release pain [34, 35]. According
to a consensus of an expert group at the joint congress of the
North American Association for Photobiomodulation Therapy
(NAALT) and theWorldAssociation of Laser Therapy in 2014,
the term photobiomodulation therapy has been suggested to
replace the term LLLT and all other terms used to describe a
similar low-level light treatment [36]. Four studies used the
CO2 laser (λ=10,600 nm), but in contrast to the normal use
of a CO2 laser by cutting or ablating oral tissue, laser applica-
tion was performed through a high water content gel, devoid of
anaesthetic, but absorbing part of the irradiation. This technique
was described as non-ablative CO2 laser therapy (NACLT) and
has been described for the first time in the literature specifically
for the therapy of RAS by Zand and co-workers [20].
After irradiation through the gel, the power output drops
by 200–500 times, and the result on the tissue is a
photobiomodulation effect. Laser mode (continuous wave,
defocused), type (spiral motions) and time of application
(5–10 s [20, 21], 5–8 s [22] and 5 s [30]) were similar in
all four studies using NACLT, whilst the power settings
differed, with 0.7 W [22], 1 W [20, 21] and 2 W [30].

No study using the CO2 laser in an ablative mode for the
treatment of RAS could be included in this systematic review.
Ablation as treatment method for aphthous lesions was only
found in one study included in this systematic review [23].
The handpiece of the Nd:YAG laser (λ= 1064 nm) was
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brought in direct contact with the entire lesion and exposed to
the laser energy (2 W, 200 mJ, 20-Hz pulsed emission mode)
until the surface epithelium was ablated. Typically, there was
bleeding and then coagulation within a few seconds. A signif-
icant release in late pain was found in this study compared to
local corticosteroid application. However, the power of the
study was quite low with ten participants per group. Thus,
the results have to be interpreted with some caution.

The other six included studies were all performed with a
diode laser (different wavelengths ranging from 658 to
940 nm). The applied output power, exposure time and mode
(pulsed versus continuous) varied considerably between these
studies (Table 2). Therefore, the range of applied total energy
with the diode laser on RAS lesions in the six studies was wide
(0.3 J [25], 2 J [29], 3 J [27], 14.4 J [31], 90 J [24] and 150–
200 J [28]). All authors described the mode of laser treatment
in their respective studies as low-level laser application or
photobiomodulation. One exception was Hazeem et al. who
used a high energy output with a 940-nm diode laser and
described the treatment as a combined effect of sub-ablasive
(thermal) and LLLT [28].

Inclusion criteria and quality assessment tool
for the studies included

Ten of the 11 included studies were RCTs. Because of the
heterogeneous study designs with different laser devices and
settings, it was not possible to perform a meta-analysis. The
one included non-randomised controlled trial satisfied the pre-
quality assessment, and no other case series was adequate to
satisfy the minimal criteria to be included in this systematic
review. There are certainly clinicians that treat RASwith other
laser types or settings (ablative and photobiomodulation) than
those reported and discussed here, resulting in good outcomes
from the surgeon’s and the patient’s perspectives. However,
these experiences are either not published or on a lower
evidence level (e.g. case report and expert opinion) and, thus,
were not eligible for inclusion in this systematic review. The
Jadad score has been chosen for this systematic review
because it has been developed to measure the risk of bias in
pain investigations, is simple to use with only three criteria
and has been demonstrated to result in good inter-rater
consistency [26]. In this context, “double-blinding” was
achieved, when neither study participant nor the person doing
the assessment could identify the type of intervention. In
interventional studies using devices such as a laser, the
surgeon himself can usually not be blinded. However, when
the operator is not involved in any further evaluation (assess-
ment of outcomes), the risk of bias due to knowledge of the
type of intervention can be eliminated. This type of “double-
blinding” was achieved by two studies included in the present
review [21, 30].

Effect on pain

Pain relief was differentiated between an immediate effect
after treatment and relief in the days following laser use.
Immediate pain relief was studied by the three research groups
treating RAS with NACLT [20, 22, 30]. In the study of
Sattayut and co-workers [30], no initial pain relief was found,
which was in contrast to the two other studies having used
lower laser powers [20, 22]. However, it has to be said that in
the study of Sattayut and co-workers, a smaller number of
participants (n=7) were included than in the studies of Zand
and co-workers (n=15) [20] and Prasad and Pai (n=25) [22],
both using a split-mouth design. Significant pain relief in the
days following treatment was found for all studies using
NACLT, but in two studies, this was found only on specific
days: at 24 h [22] or on day 3 [30].

Animal studies showed that LLLTcould achieve a reduction
of inflammatory processes similar to the use of NSAID [37].
Pain has also been shown to be lower after photobiomodulation
in inflammatory processes and after surgical interventions
[38, 39]. Furthermore, it has also been shown in animal
studies that LLLT may promote neural regeneration,
which could also explain the pain reduction observed in
clinical trials [40]. A meta-analysis evaluating the efficacy
of low-power lasers concluded an overall positive treatment
effect on pain [41]. The authors found that a wavelength of
830 nm had the most significant treatment effect on pain, but
only four studies could be considered [41]. Vale et al. [42]
suggested that a wavelength of 809 or 810 nm was favourable
to reduce pain in RAS treatment by using a laser. In contrast,
in our systematic review, we found a broader spectrum of
LLLT wavelengths to be effective in the reduction of pain:
reduction of immediate pain at 670 nm [25], 810 nm [24],
and 940 nm [28] and reduction of late pain at 658 nm [29],
809 nm [31] and 810 nm [24]. However, there was no
improvement in late pain with LLLT at 670 nm [25].

Effect on wound healing

The healing of an ulcer is a dynamic process usually involving
the classic three phases of wound healing known as
inflammation, proliferation and remodelling. Evaluating and
comparing wound healing based on clinical criteria only has
limitations. Wound healing after RAS laser treatment was
evaluated using various criteria (i.e. ulcer size, ulcer healing,
erythema and reepithelialisation) and with different follow-up
intervals. Criteria like the evaluation of complete
reepithelialisation [21] or absence of ulcer [22] seem quite
reliable (yes/no answer). On the other hand, the four-point
scale evaluation of erythema and exudation is more difficult
to interpret and may be sensitive to intra- and inter-rater
variations, which were not evaluated [23]. A similar tool eval-
uating erythema has, however, been described earlier to
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analyse the effect of aphthous ulcer treatment [43]. Sattayut
et al. [30] evaluated wound healing by comparing the ulcer
size to a plastic sheath grid. Specifically, for wound healing,
the method used for evaluation needs to be critically assessed
as it may influence the outcome due to bias resulting from
intra- or inter-observer variability. Furthermore, the method-
ology in the control groups was heterogeneous in the included
studies as every study had another protocol for the control.

LLLT, which is also known as biostimulation or
photobiomodulation, causes photochemical reactions in
the tissue cells [44]. One of the first clinical applications
of LLLT was to influence wound healing [45, 46]. The
effect of LLLT on wound healing has been examined
experimentally in vitro and in vivo, and it is suggested
that wound healing is enhanced by promoting cell prolif-
eration and procollagen synthesis, accelerating the forma-
tion of granulation tissue and increasing ATP synthesis
within the mitochondria [41, 44]. The effects are dependent
on irradiation parameters like wavelength, output power and
energy density, but also on the different cell types affected
[44, 47]. The energy density seems to play an important
role as, at low doses (<2 J/cm2), photobiostimulation is
favourable, whilst at higher doses (>16 J/cm2) it has mostly
been described as suppressive. The total energy applied on the
ulcers varied between 0.3 and 90 J in the studies using a diode
laser included in this review. One study on wound healing
after LLLT was placebo-blinded [24] and had a split-mouth
design. The others had no therapy [27, 28] or used topical
corticosteroid as controls [23, 27, 29]. Thus, comparison
between the studies is difficult, and results have to be
interpreted with some caution.

The effect of NACLT on wound healing has, to the best of
our knowledge, not been studied elsewhere than in the included
studies. Two of three studies found an improvement of wound
healing after NACLT on aphthous lesions. All three studies
were placebo-controlled RCTs, but evaluation of healing
differed.

The effect on wound healing may not be totally separated
from the effect on pain. Two studies with faster wound healing
[24, 29] also reported a significant reduction in late pain,
whilst the two without faster wound healing did not report
improvement in pain relief. Thus, a shorter period of wound
healing could have a direct effect on the reduction of pain.

Laser compared to other treatments for RAS

Treating RASwith lasers is considered as an alternative option
to the common symptomatic treatment approaches. The first
line of treatment is usually with topical pharmaceuticals, such
as (1) antiseptics, anti-inflammatory agents and analgesics or
(2) antibiotics or (3) corticosteroids or (4) hyaluronic acid or
(5) topical anaesthetics or (6) other (i.e. herbal medication)
[17]. Topical corticosteroids are widely used for immune-

mediated oral diseases and in RAS therapy to shorten the
healing time and reduce pain [17]. One study using Nd:YAG
laser [23] and two studies with LLLT [25, 27] compared head-
to-head the laser effect to the topical application of triamcin-
olone acetonide 0.1%. The patients in these studies were not
blinded to their group allocation, which might be considered
as a disadvantage. However, comparing different treatment
arms is of clinical interest. Regarding wound healing, less
exudation was observed during wound healing after
Nd:YAG laser than when triamcinolone acetonide was ap-
plied, and pain was significantly reduced after laser treatment.
After LLLT, no improvement in wound healing was observed
compared to the effect of topical corticosteroid. A typical side
effect of the topical application of corticosteroids is fungal
infection [48]. This risk is absent after laser therapy. More
serious side effects are described in connection with systemic
pharmacological treatments for RAS [17, 18]. These treat-
ments are usually restricted to patients with severe RAS and/
or as a second line of therapy. A proper evaluation of the
superiority of the beneficial over the adverse effects should
always be performed before and during treatment. None of the
studies compared laser effect to systemic medication. Due to
the low frequency or absence of side effects when using lasers,
potential applications of laser in severe cases of RAS should
be considered in future research.

Conclusions

This systematic review demonstrated that the application of
lasers (CO2 laser, Nd:YAG laser and diode laser) is an option
to relieve symptoms and promote wound healing in patients
suffering from RAS with a low risk of side effects. Different
laser applications (ablative or photobiomodulation) exhibited
favourable results when compared to placebo, other therapies
or no therapy. But due to the high variation of laser types and
laser settings used, none can be currently considered as a
standard laser application for the treatment of RAS. One fur-
ther common disadvantage of the included studies is the lim-
ited power of the publications, with study participants varying
between 7–90 for the laser and 5–90 for the control groups.
More studies using similar parameters and on larger patient
groups are necessary to demonstrate whether there is any su-
periority using a laser to a topical pharmaceutical treatment. A
uniform methodology to evaluate wound healing of RAS in
future studies would be advantageous. Any effect of laser on
the severity of recurrences and episode frequency is also of
interest for future projects.
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