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Abstract
Objectives To evaluate therapeutic effects of laser therapy on patients with recurrent aphthous stomatitis assessing evidences
from previously published systematic reviews.
Materials and methods An overview of systematic reviews was conducted based on PRISMA checklist. Search strategies were
developed and adapted for six different electronic databases and a gray literature search was also performed. The methodology
quality of the included systematic reviews was assessed by the Measurement Tool to Assess the Methodological Quality of
Systematic Reviews 2 (AMSTAR 2).
Results After a two-step selection, five systematic reviews were included. Methodology quality was considered as a high risk of
bias in two systematic reviews, while in the other three were graded as moderate. The systematic reviews’ conclusions demon-
strated that all included systematics reviews showed positive effects of laser therapy for pain relief, and most of them demon-
strated healing improvement. A meta-analysis was not feasible due to heterogeneity in treatments parameters.
Conclusions Evidence suggested that laser therapy is an effective tool to treat recurrent aphthous stomatitis; nevertheless, more
randomized clinical trials should be conducted to compare different lasers parameters.
Clinical relevance The present overview evaluated recent evidence about laser therapy for recurrent aphthous stomatitis man-
agement in order to contribute for evidence-based dentistry and decision-making. This overview suggests that laser therapy is a
safe and promising alternative to treat recurrent aphthous stomatitis, since it promotes wound healing and pain relief.
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Introduction

Recurrent aphthous stomatitis (RAS) is a common chronic
inflammatory disease of the oral mucosa characterized by
rounded ulcers that usually present first in childhood or ado-
lescence [1, 2]. These lesions might disturb speaking and eat-
ing activities and even impact the quality of life [2]. RAS can

be classified into three subtypes: minor (MiRAS), major
(MjRAS), and herpetiformis ulcers (HUs) [3, 4]. MiRAS is
the most common subtype, comprising about 80–90% of RAS
cases.MiRAS usually presents with less than 1 cm in diameter
and healing time usually takes 4–14 days without scarring.
MiRAS occurs on non-keratinized mucosa; therefore, it is
uncommon on gingiva, palate or dorsum of tongue surfaces,
appearing more often in labial, buccal and floor of mouth
mucosa. MjRAS ulcers arise in approximately 10% of cases,
they exceed 1 cm in diameter, persist up to 6 weeks and may
heal with scarring. HUs affect about 1–10% of individuals
with RAS and it is characterized by multiple ulcers with 2–3
mm in diameter that can coalesce into a large and irregular
ulcer, taking approximately 15 days to heal, with or without
scarring [1].

RAS therapy aims to alleviate pain sensation and decrease
wound healing time, trying to reduce frequency and acute
phases [5]. Conventional treatments are topical or systemic
interventions including analgesics, systemic immunomodula-
tors, anti-inflammatory drugs, chemical cauterizers, and
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others [6]. However, some of these treatments have shown
disadvantages related to overdose and side effects, with little
effect on recurrence [7, 8].

Laser is an acronym of “Light Amplification by Stimulated
Emission of Radiation” and Laser therapy (LT) has demon-
strated positive effects on cell metabolism, inflammatory
modulation, edema reduction, tissue regeneration, healing
time, and pain relief [9, 10]. Its application can be defined as
photobiomodulation (PBM) when used in a low intensity,
wavelengths between 600 and 1070 nm [11–13]. However,
studies using laser in a wavelength outside this range have
also been evidenced, including carbon dioxide laser (CO2)
that operates in 10.600 nm of wavelength [11, 14]. Some
systematic reviews (SRs) were conducted regarding LT ther-
apy for RAS management, suggesting a satisfactory response
due to biostimulation effects [5, 15–18].

There is a considerable number of SRs investigating LT for
RAS management; however, the potential effects of laser ther-
apy are still unsettled. In addition, there is a need for
established protocols that could be applied in other studies
and on clinical practice. Therefore, the range of laser applica-
tions on health science has been considered of broad and cur-
rent interest. Thus, this overview aims to summarize and crit-
ically appraise available evidence from SRs by answering the
following question: “What are the therapeutic effects of LT for
RAS?”

Materials and methods

Protocol and registration

This overview was reported accordingly the Preferred
Reporting Items for Systematic Reviews and Meta-Analyses
(PRISMA) checklist [19]. The study protocol was registered
at the International Prospective Register of Systematic
Reviews (PROSPERO) database under registration number
CRD42018102772 [20].

Study design and eligibility criteria

This is an overview that assessed the therapeutic effects of LT
on individuals with RAS. Systematic reviews or meta-analysis
that synthesized data about LT effects on pain relief and/or on
wound healing of RAS were included in the overview. The
acronym PICOS (Population, Intervention, Comparison,
Outcomes, and Studies) was used to formulate the question
of this overview, in which: (P) individuals with RAS; (I) LT;
(C) other therapies; (O) effectiveness on treatment for RAS;
(S) systematic reviews and meta-analysis. No publication time
or language restrictions were applied.

Information sources and search strategy

Search strategywas developed and adapted for each electronic
database: Cochrane Library, LILACS, EMBASE, PubMed,
Scopus, and Web of Science. A gray literature search was
performed on Google Scholar, OpenGrey, and ProQuest
Dissertations & Theses Global (Online Resource 1).
Duplicated references were removed by reference manager
software (EndNote®, Thompson Reuters, Philadelphia, PA).
Moreover, the reference lists of selected articles were hand
screened to identify potential additional manuscripts that
could have been missed during the electronic database
searches. Experts were also consulted in order to improve
search findings.

Study selection

The study selection was performed in two phases. Phase I was
carried out in a web application specific for systematic re-
views (Rayyan®, Qatar Computing Research Institute), in
which two authors (JAS and AGCN) independently screened
titles and abstracts identified in all electronic databases for
eligible studies. Any disagreements were mutually discussed
and, if a consensus was not achieved, a third reviewer was
involved (IPT). In phase II, the same authors (JAS and
AGCN) performed a full-text reading of eligible articles and
excluded those not meeting inclusion criteria (Online
Resource 2) and, if necessary, the third reviewer was
consulted to make a final decision.

Data collection

One author (JAS) collected pertinent data from each SR. A
second reviewer (AGCN) cross-checked the collected infor-
mation to confirm its accuracy. The main records from SRs
were reported in Table 1. Characteristics of primary studies
included in the selected SRs and also LT therapy parameters
used are available in Online Resources 3 and 4, respectively.

Risk of bias in individual studies

The risk of bias (RoB) of included SR was assessed by the
Measurement Tool to Assess the Methodological Quality of
Systematic Reviews 2 (AMSTAR 2) [21]. Risk of bias was
categorized as High when the study reached up to 49% score
“yes,” Moderate when the study reached 50 to 69% score
“yes,” and Low when the study reached more than 70% score
“yes.” Two reviewers (JAS and AGCN) independently scored
each item as “partial yes,” “unclear,” “yes” or “no” to classify
the RoB of selected studies and then cross-checked the infor-
mation (Online Resource 5). Disagreements were resolved by
a third reviewer (IPT).
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Summary measures

The primary outcome in this overview was the effectiveness
of LT on management of RAS, in terms of pain relief and
wound healing. Secondary outcomes were the effects on
RAS prognosis (reduction of episode frequency), LT adverse
reactions or complications.

Graphics

Data were collected from the included randomized clinical
trials (RCTs) or non-randomized clinical trials (NRCTs). In
order to group and compare the studies, they should report
data on mean pain reduction and wound healing, mean at
baseline compared to different analyze post-treatment periods
and how long the ulcers took to fully heal in days,
respectively.

Results

Study selection

In phase I, 399 records were identified and after removing
duplicates, 182 references remained. After titles and abstract
screening, ten articles were selected to phase II. In addition,
only one reference from gray literature was included.
Thereafter, a full-text reading was conducted and six SR were
excluded according to eligibility criteria. Finally, five SR were
selected for qualitative synthesis, of which 15 included prima-
ry studies were identified. A flowchart detailing the process of
identification, screening, and inclusion of studies is presented
in Fig. 1.

Studies characteristics

Synthesis of systematic reviews

All of the selected studies had as outcome the LT effects on
pain reduction and wound healing of RAS [5, 15–18]. Two
included studies reported evaluation of adverse reactions/
complications as an outcome [15, 17] and two others as well
as the reduction of episode frequency [5, 16].

Pain relief was found as a main result in all included syn-
thesis of systematic reviews (SRs), with statistical significance
in the majority of the assessed primary studies. However, con-
flicting results were found in two SRs regarding effects on
wound healing [5, 17]. The other three SRs [15, 16, 18] re-
ported that laser group presented faster healing compared to
controls in all included studies assessing this outcome. No
adverse effects caused by LT were reported [15, 17].

Regarding reduction of episodes’ frequency, Najeeb et al.
[15] reported that only one primary study had appropriateT
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follow-up after laser application, showing no recurrence of
ulceration. Suter et al. [5], on the other hand, could not eval-
uate this outcome due to the lack of data. As main conclusion,
all SRs suggested that LT seems to be an appropriate therapy
for RAS; however, further clinical studies with similar param-
eters should be performed (Table 1).

Graphics

Fifteen different primary studies were found in the included
SRs. Eight of the fifteen primary studies reported data simi-
larly, making it possible to group them, and were included in
graphics to present data of different studies [14, 22–29] (Fig.
2). Data about mean healing time, as well as data onmean pain
score of participants in the laser and control groups were col-
lected. Two mean graphics were performed: healing period

(Fig. 2a) and pain relief (Fig. 2b), which showed positive
effects on both outcomes promoted by LT, compared to
control.

Risk of bias

RoB assessment of the five included SRs is summarized in
Fig. 3. Two SR were considered as a high risk RoB [15, 18],
while the other three were graded asmoderate RoB [5, 16, 17].
Items 1 to 7 of AMSTAR assess SRs methodology and pro-
tocol, in which no SR achieved score “yes” in all items. Items
11, 12 and 15 fromAMSTARwere classified as not applicable
for all SR, since none conducted a meta-analysis. However, as
shown in item 14, four SR [5, 15, 17, 18] provided a satisfac-
tory discussion of heterogeneity observed, explaining reasons
to avoid a meta-analysis.

Fig. 1 Flow diagram of literature
search and selection criteria
adapted from PRISMA [19]
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Discussion

Summary of evidence

Evidence-based practice has increased, leading clinicians to
assess health care literature at decision-making moment [30].
The increasing number of SRs being published demands an
appropriate mechanism to compare findings of existing evi-
dence and then being strongly useful for clinicians’ decisions
[31]. An overview is a recent methodological approach that
systematically retrieves, critically appraises and synthesizes
the results of multiple SRs related to the same topic [32].
The present overview evaluated recent evidence regarding
LT for RAS.

Lasers are a light emitting device that can be classified in low
or high levels, depending on power output [33]. Low-level lasers
operate in the milliwatt range, 1 to 500 mW, while high-level
lasers, can be used at high powers, ranging from fractions of a
watt to 25 Wor more [34]. The term PBM refers to a drug-free,
non-invasive clinical application of light emission that stimu-
lates and modulates biologic processes and operates with

wavelengths between 600 and 1070 nm [10, 11]. Although
high-level lasers aremainly used in an ablationmode on surgery,
its use has also been suggested as an alternative to accelerate
healing and relieve pain. In this technique, known as non-
ablative CO2 laser therapy (NACLT), the laser is applied
defocused through a water content gel to produce a non-thermal,
non-ablative reaction, resulting in a low-power use of a high-
level laser [5, 14, 22]. PBM and NACLT mechanisms of action
are based on emitted radiation that increases cells metabolism,
enhances reepithelization and improves microcirculation, tissue
oxygenation and growth stimulation [12, 34]. It also seems to
have effects on pain relief by modulating the release of inflam-
matory mediators, changing lymphocyte metabolism and de-
creasing the nociceptors conduction of impulse [34].

Based on SRs results and related primary studies, LT present-
ed positive effects on pain relief and wound healing for RAS.
The studies showed comparisons between high- or low-level
lasers and placebo or no therapy [14, 22–26, 28], which aimed
to assess LT effectiveness and safety, and also comparisons to
medication [29, 35–38] to appraise if lasers can complement or
substitute conventional treatment, since it has shown some

Fig. 2 Laser therapy effects. a
Laser therapy effects on wound
healing for recurrent aphthous
stomatitis compared to control.
Results from each study evaluated
mean healing time in days,
considering how long the ulcers
took to fully heal. b Pain
reduction for recurrent aphthous
stomatitis compared to control.
Results from each studymeasured
pain at baseline and then
compared to different analyze
periods to assess pain relief using
VAS scale (1–10)
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disadvantages in terms of overdose and adverse reactions [39].
The results presented by primary studies were controversial;
however, LTwas not statistically inferior to control in any clin-
ical trial, it consistently presented similar or superior effects,
further, no adverse reactions were reported by participants.
Since the effects seems to be equivalent to conventional man-
agements and the application of different laser parameters seems
to be safe, the included SRs suggested that LT should be con-
sidered in the settings of RAS therapies, nonetheless, authors
could not report sound conclusions [5, 15–18]. The uncertain
conclusions, added to impossibility of grouping evidence in a
meta-analysis, can be associated to the lack of high-quality stud-
ies, added to reduced samples sizes and the absence of uniform
laser parameters in studies included in the systematic reviews.

Even all included SRs concluded there is still no
established protocol for LT, the present overview suggests that
LT can be effective in both high- or low-level laser settings
and the positive trend in results was the same regardless of
lesion extensions, laser type or protocol used. In addition, two
identified laser settings seem to present a well-defined proto-
col under development [14, 22, 23, 25, 27, 36]. CO2 laser was
used with similar parameters in four clinical trials, the NACLT
protocol, in a single application [14, 22, 23, 25]. It was effec-
tive in all studies that evaluated pain reduction [22, 23, 25] and
in just one it showed not significant difference between laser
and placebo on wound healing [25]. Nd:YAG was used with
the exactly same parameters and the protocol applied showed
effectiveness in terms of pain relief in both studies [27, 36]
and also on wound healing and prognosis for a one followed-
up month in the study that assessed these outcomes [36].

Notwithstanding LT seems to present positive effects, there
is a need for more accurate studies to improve evidence.
Researchers should conduct studies with similar methodology
and comparisons and longer follow-up in order to better eval-
uate the effects on recurrence. To establish superiority of lasers
settings, considering both high- and low-available lasers,
more RCTs are requested to analyze cost benefits and effects

between different protocols. In addition, authors have to report
complete protocols since laser parameters are extremely vari-
able in terms of type, wavelength, dose, distance from ulcer,
tip diameter, power, and frequency of treatment.

Clinical practice

Since LT has shown superior effects, large indication and pro-
fessional controlled application, this technique seems to be a
promising approach. The cost can be the hardest challenge for
its clinical recommendation. It demonstrates the importance of
consider this treatment in public health service, whereas is
possible to expend US$ 1000 to purchase a device that could
be used for a long time. Since low-level lasers units’ price is
more accessible then high-level [40], PBM could be easier
applied. Considering primary studies results and the conduct-
ed graphics for its analyses, the following protocols were sug-
gested to present the best results found in this overview:

For wound healing:

1. Diode laser with 810 nm of wavelengths, 0.5 W power,
applied 4 times with a gap of 30–40 seconds between each
application in a continuous mode and 2–3 mm of distance
to lesion, for 180 seconds per application in a single
session.

2. Non-ablative CO2 operated in a single session, with
10,600 nm of wavelengths, power range from 0.7 W to
1 W and applied defocused trough a water-based non-
anesthetic gel in a single application continuous mode
and 5–7 mm of distance to lesion, for 5 seconds.

For pain relief:

1. GaAIAs laser with 809 nm of wavelengths, 0.06 W pow-
er, applied once a day for two days in a pulsed mode and
direct contact to lesion, for 80 seconds per application.

Fig. 3 Risk of bias graph. Review authors’ judgements about each risk of bias item presented as percentages across all included systematic reviews
assessed by AMSTAR 2 [21]
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2. Non-ablative CO2 operated in a single session, with
10,600 nm of wavelengths, power range from 0.7 W to
1 W and applied defocused trough a water-based non-
anesthetic gel in a single application continuous mode
and 5–7 mm of distance to lesion, for 5 seconds.

Limitations

Some methodological limitations of this overview should be
pointed out. First, all included SRs presented moderate or high
risk of bias. Methodological flaws indicated incomplete liter-
ature search strategy, absence of a pre-defined review protocol
and explanation of the selection design for inclusion. A high
heterogeneity regarding to study design, LT parameters, pro-
tocols of administration and control group intervention were
found, which reduced the number of studies that could be
considered for a meta-analysis. Therefore, this analysis could
not be conducted, which resulted in the graphics developed to
compare the outcomes between groups. In addition, a short
follow-up time was considered in the included studies, limit-
ing the outcome of LT effects on RAS prognosis (reduction of
episode frequency).

Conclusion

Recent evidence suggests that LT is a safe and promising
alternative to treat RAS since it seems to reduce wound
healing time and promote pain relief. Therefore, more RCTs
should be conducted comparing different lasers settings to
formulate a well-defined protocol and also to analyze the
cost-benefit of available laser therapies.

Compliance with ethical standards

Conflict of interest The authors declare that they have no conflict of
interest.

Ethical approval This article does not contain any studies with human
participants or animals performed by any of the authors.

Informed consent For this type of study, formal consent is not required.

References

1. Scully C, Porter S (2008) Oral mucosal disease: recurrent aphthous
stomatitis. Br J Oral Maxillofac Surg 46(3):198–206. https://doi.
org/10.1016/j.bjoms.2007.07.201

2. Al-Omiri MK, Karasneh J, Alhijawi MM, Zwiri AM, Scully C,
Lynch E (2015) Recurrent aphthous stomatitis (RAS): a preliminary
within-subject study of quality of life, oral health impacts and

personality profiles. J Oral Pathol Med 44(4):278–283. https://doi.
org/10.1111/jop.12232

3. Stanley HR (1972) Aphthous lesions. Oral Surg Oral Med Oral
Pathol 33(3):407–416

4. Preeti L, Magesh K, Rajkumar K, Karthik R (2011) Recurrent
aphthous stomatitis. J Oral Maxillofac Pathol 15(3):252–256.
https://doi.org/10.4103/0973-029X.86669

5. Suter VGA, Sjölund S, Bornstein MM (2017) Effect of laser on
pain relief and wound healing of recurrent aphthous stomatitis: a
systematic review. Lasers Med Sci 32(4):953–963. https://doi.org/
10.1007/s10103-017-2184-z

6. Jurge S, Kuffer R, Scully C, Porter SR (2006) Mucosal disease
series. Number VI. Recurrent aphthous stomatitis. Oral Dis 12(1):
1–21. https://doi.org/10.1111/j.1601-0825.2005.01143.x

7. Brocklehurst P, TickleM, Glenny AM, LewisMA, PembertonMN,
Taylor J, Walsh T, Riley P, Yates JM (2012) Systemic interventions
for recurrent aphthous stomatitis (mouth ulcers). Cochrane
Database Syst Rev 9:CD005411. https://doi.org/10.1002/
14651858.CD005411.pub2

8. González-Moles MA (2010) The use of topical corticoids in oral
pathology. Med Oral Patol Oral Cir Bucal 15(6):e827–e831. https://
doi.org/10.4317/medoral.15.e827

9. da Silva JP, da Silva MA, Almeida AP, Lombardi Junior I, Matos
AP (2010) Laser therapy in the tissue repair process: a literature
review. Photomed Laser Surg 28(1):17–21. https://doi.org/10.1089/
pho.2008.2372

10. Arany PR (2016) Craniofacia l wound heal ing with
photobiomodulation therapy: new insights and current challenges.
J Dent Res 95(9):977–984. ht tps: / /doi .org/10.1177/
0022034516648939

11. Chung H, Dai T, Sharma SK, Huang YY, Carroll JD, Hamblin MR
(2012) The nuts and bolts of low-level laser (light) therapy. Ann
Biomed Eng 40(2):516–533. https://doi.org/10.1007/s10439-011-
0454-7

12. Smith KC (2005) Laser (and LED) therapy is phototherapy.
Photomed Laser Surg 23(1):78–80

13. Pandeshwar P, Roa MD, Das R, Shastry SP, Kaul R, Srinivasreddy
MB (2016) Photobiomodulation in oral medicine: a review. J
Investig Clin Dent 7(2):114–126. https://doi.org/10.1111/jicd.
12148

14. Zand N, Fateh M, Ataie-Fashtami L, Djavid GE, Fatemi SM,
Shirkavand A (2012) Promoting wound healing in minor recurrent
aphthous stomatitis by non-thermal, non-ablative CO2 laser thera-
py: a pilot study. Photomed Laser Surg 30(12):719–723. https://doi.
org/10.1089/pho.2012.3301

15. Pavlić V, Vujić-Aleksić V, Aoki A, Nežić L (2015) Treatment of
recurrent aphthous stomatitis by laser therapy: a systematic review
of the literature. Vojnosanit Pregl 72(8):722–728. https://doi.org/10.
2298/VSP140410028P

16. Najeeb S, Khurshid Z, Zohaib S, Najeeb B, Qasim SB, Zafar MS
(2016) Management of recurrent aphthous ulcers using low-level
lasers: a systematic review. Medicina(Kaunas) 52(5):263–268.
https://doi.org/10.1016/j.medici.2016.07.006

17. Han M, Fang H, Li QL, Cao Y, Xia R, Zhang ZH (2016)
Effectiveness of laser therapy in the management of recurrent
aphthous stomatitis: a systematic review. Scientifica (Cairo) 2016:
9062430. https://doi.org/10.1155/2016/9062430

18. Vale FA, Moreira MS, de Almeida FC, Ramalho KM (2015) Low-
level laser therapy in the treatment of recurrent aphthous ulcers: a
systematic review. ScientificWorldJournal 2015:150412. https://
doi.org/10.1155/2015/150412

19. Moher D, Liberati A, Tetzlaff J, Altman DG, PRISMA Group
(2009) Preferred reporting items for systematic reviews and meta-
analyses: the PRISMA statement. PLoS Med 6(7):e1000097.
https://doi.org/10.1371/journal.pmed.1000097

Clin Oral Invest

https://doi.org/10.1016/j.bjoms.2007.07.201
https://doi.org/10.1016/j.bjoms.2007.07.201
https://doi.org/10.1111/jop.12232
https://doi.org/10.1111/jop.12232
https://doi.org/10.4103/0973-029X.86669
https://doi.org/10.1007/s10103-017-2184-z
https://doi.org/10.1007/s10103-017-2184-z
https://doi.org/10.1111/j.1601-0825.2005.01143.x
https://doi.org/10.1002/14651858.CD005411.pub2
https://doi.org/10.1002/14651858.CD005411.pub2
https://doi.org/10.4317/medoral.15.e827
https://doi.org/10.4317/medoral.15.e827
https://doi.org/10.1089/pho.2008.2372
https://doi.org/10.1089/pho.2008.2372
https://doi.org/10.1177/0022034516648939
https://doi.org/10.1177/0022034516648939
https://doi.org/10.1007/s10439-011-0454-7
https://doi.org/10.1007/s10439-011-0454-7
https://doi.org/10.1111/jicd.12148
https://doi.org/10.1111/jicd.12148
https://doi.org/10.1089/pho.2012.3301
https://doi.org/10.1089/pho.2012.3301
https://doi.org/10.2298/VSP140410028P
https://doi.org/10.2298/VSP140410028P
https://doi.org/10.1016/j.medici.2016.07.006
https://doi.org/10.1155/2016/9062430
https://doi.org/10.1155/2015/150412
https://doi.org/10.1155/2015/150412
https://doi.org/10.1371/journal.pmed.1000097


20. Amorim dos Santos JA, Normando AGC, de Toledo IP, Melo G,
Guerra ENS (2018) Laser therapy on aphthous stomatitis: an over-
view of systematic reviews. PROSPERO 2018:CRD42018102772

21. Shea BJ, Reeves BC,Wells G, ThukuM,Hamel C,Moran J,Moher
D, Tugwell P, Welch V, Kristjansson E, Henry DA (2017)
AMSTAR 2: a critical appraisal tool for systematic reviews that
include randomised or non-randomised studies of healthcare inter-
ventions, or both. BMJ 358:j4008. https://doi.org/10.1136/bmj.
j4008

22. Zand N, Ataie-Fashtami L, Djavid GE, Fatch M, Alinaghizadeh
MR, Fatemi AM, Arbabi-Kalati F (2009) Relieving pain in minor
aphthous stomatitis by a single session of non-thermal carbon di-
oxide laser irradiation. Lasers Med Sci 24:515–520. https://doi.org/
10.1007/s10103-008-0555-1

23. Prasad RS, Pai A (2013) Assessment of immediate pain relief with
laser treatment in recurrent aphthous stomatitis. Oral Surg OralMed
Oral Pathol Oral Radiol 116(2):189–193. https://doi.org/10.1016/j.
oooo.2013.02.011

24. Hazeem MI, Rajab MS, Badeia RA (2013) Treatment of recurrent
aphthous stomatitis with 940nm diode laser. Tikrit J Dent Sci
1(2013):77–82

25. Sattayut S, Trivibulwanich J, Pipithirunkarn N, Danvirutai N
(2013) A clinical efficacy of using CO2 laser irradiating to trans-
parent gel on aphthous stomatitis patients. Laser Ther 22(4):283–
289. https://doi.org/10.5978/islsm.13-OP-24

26. Aggarwal H, Singh MP, Nahar P, Mathur H, Gv S (2014) Efficacy
of low-level laser therapy in treatment of recurrent aphthous ulcers -
a sham controlled, split mouth follow up study. J Clin Diagn Res
8(2):218–221. https://doi.org/10.7860/JCDR/2014/7639.4064

27. Tezel A, Kara C, Balkaya V, Orbak R (2009) An evaluation of
different treatments for recurrent aphthous stomatitis and patient
perceptions: Nd:YAG laser versus medication. Photomed Laser
Surg 27(1):101–106. https://doi.org/10.1089/pho.2008.2274

28. Albrektson M, Hedström L, Bergh H (2014) Recurrent aphthous
stomatitis and pain management with low-level laser therapy: a
randomized controlled trial. Oral Surg Oral Med Oral Pathol Oral
Radiol 117(5):590–594. https://doi.org/10.1016/j.oooo.2014.01.
228

29. Jijin MJ, Rakaraddi M, Pai J, Jaishankar HP, Krupashankar R,
Kavitha AP, Anjana R, Shobha R (2016) Low-level laser therapy
versus 5% amlexanox: a comparison of treatment effects in a cohort
of patients with minor aphthous ulcers. Oral Surg Oral Med Oral
Pathol Oral Radiol 3:269–273. https://doi.org/10.1016/j.oooo.
2015.11.021

30. Grant MJ, Booth A (2009) A typology of reviews: an analysis of 14
review types and associated methodologies. Health Inf Libr J 26(2):
91–108. https://doi.org/10.1111/j.1471-1842.2009.00848.x

31. Aromataris E, Fernandez R, Godfrey CM, Holly C, Khalil H,
Tungpunkom P (2015) Summarizing systematic reviews: method-
ological development, conduct and reporting of an umbrella review
approach. Int J Evid Based Healthc 13(3):132–140. https://doi.org/
10.1097/XEB.0000000000000055

32. Hunt H, Pollock A, Campbell P, Estcourt L, Brunton G (2018) An
introduction to overviews of reviews: planning a relevant research
question and objective for an overview. Syst Rev 7:39. https://doi.
org/10.1186/s13643-018-0695-8

33. Lins RDAU, Lucena KCR, Granville-Garcia AF, Dantas EM,
Catão MHCV, Neto LGC (2018) Efeitos bioestimulantes do laser
de baixa potência no processo de reparo. An Bras Dermatol 85(6):
849–855

34. Jahromi NZ, Ghapanchi J, Pourshahidi S, Zahed M, Ebrahimi H
(2017) Clinical evaluation of high and low-level laser treatment
(CO2vsInGaAlP diode laser) for recurrent aphthous stomatitis. J
Dent Shiraz Univ Med Sci 18(1):17–23

35. Lalabonova H, Daskalov H (2014) Clinical assessment of the ther-
apeutic effect of low-level laser therapy on chronic recurrent
aphthous stomatitis. Biotechnol Biotechnol Equip 28(5):929–933.
https://doi.org/10.1080/13102818.2014.966526

36. Arabaci T, Kara C, Ciçek Y (2009) Relationship between periodon-
tal parameters and Behçet’s disease and evaluation of different treat-
ments for oral recurrent aphthous stomatitis. J Periodontal Res
44(6):718–725. https://doi.org/10.1111/j.1600-0765.2008.01183.x

37. Salman H, Kashmoola MA, Al-Waiz MM, Al-Sandooq TA (2008)
Differences between low level laser therapy and triamcinolone
acetonide kenalog on healing of recurrent aphthous ulceration.
Ann Coll Med Mosul 34(1):35–41

38. De Souza TO,MartinsMA, Bussadori SK, Fernandes KP, Tanji EY,
Mesquita-Ferrari RA, Martins MD (2010) Clinical evaluation of
low-level laser treatment for recurring aphthous stomatitis.
Photomed Laser Surg 28(Suppl 2):S85–S88. https://doi.org/10.
1089/pho.2009.2661

39. Rudralingam M, Randall C, Mighell AJ (2017) The use of topical
steroid preparations in oral medicine in the UK. Br Dent J 223(9):
633–638. https://doi.org/10.1038/sj.bdj.2017.880

40. Verma SK, Maheshwari S, Singh RK, Chaudhari PK (2012) Laser
in dentistry: an innovative tool in modern dental practice. Natl J
Maxillofac Surg 3(2):124–132. https://doi.org/10.4103/0975-5950.
111342

Publisher’s note Springer Nature remains neutral with regard to jurisdic-
tional claims in published maps and institutional affiliations.

Clin Oral Invest

https://doi.org/10.1136/bmj.j4008
https://doi.org/10.1136/bmj.j4008
https://doi.org/10.1007/s10103-008-0555-1
https://doi.org/10.1007/s10103-008-0555-1
https://doi.org/10.1016/j.oooo.2013.02.011
https://doi.org/10.1016/j.oooo.2013.02.011
https://doi.org/10.5978/islsm.13-OP-24
https://doi.org/10.7860/JCDR/2014/7639.4064
https://doi.org/10.1089/pho.2008.2274
https://doi.org/10.1016/j.oooo.2014.01.228
https://doi.org/10.1016/j.oooo.2014.01.228
https://doi.org/10.1016/j.oooo.2015.11.021
https://doi.org/10.1016/j.oooo.2015.11.021
https://doi.org/10.1111/j.1471-1842.2009.00848.x
https://doi.org/10.1097/XEB.0000000000000055
https://doi.org/10.1097/XEB.0000000000000055
https://doi.org/10.1186/s13643-018-0695-8
https://doi.org/10.1186/s13643-018-0695-8
https://doi.org/10.1080/13102818.2014.966526
https://doi.org/10.1111/j.1600-0765.2008.01183.x
https://doi.org/10.1089/pho.2009.2661
https://doi.org/10.1089/pho.2009.2661
https://doi.org/10.1038/sj.bdj.2017.880
https://doi.org/10.4103/0975-5950.111342
https://doi.org/10.4103/0975-5950.111342

	Laser therapy for recurrent aphthous stomatitis: an overview
	Abstract
	Abstract
	Abstract
	Abstract
	Abstract
	Abstract
	Introduction
	Materials and methods
	Protocol and registration
	Study design and eligibility criteria
	Information sources and search strategy
	Study selection
	Data collection
	Risk of bias in individual studies
	Summary measures
	Graphics

	Results
	Study selection
	Studies characteristics
	Synthesis of systematic reviews

	Graphics
	Risk of bias

	Discussion
	Summary of evidence

	Clinical practice
	Limitations
	Conclusion
	References


