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ARTICLE INFO ABSTRACT

The aim of this paper was to provide a comprehensive review of using low-level laser
Article Type therapy (LLLT) as a therapeutic method for recurrent aphthous stomatitis (RAS), including
Systematic Review analyzing its underlying mechanisms, clinical applications, and potential benefits.

A database search was conducted to identify relevant papers
investigating the use of LLLT for RAS treatment. Articles published in scientific journals and

Authors

Jafari E.! DDS selected for review in Science Direct, Google Scholar, and PubMed were categorized and
Bagheriyeh Yazdi K.! DDS analyzed.

Hendi A.R.2 DDS, MSc During the initial search, a total of 88 articles were found. Five phases were
Koochaki M.** DDS, MSc performed to select articles, and eventually, 8 papers that met the inclusion criteria were

chosen.

This literature review supports the idea that LLLT is a non-invasive and
potentially effective therapy for RAS symptoms by accelerating the healing process and
having beneficial effects in reducing pain and inflammation.

Stomatitis, Aphthous; Low-Level Light Therapy (LLLT); Laser Therapy; Oral
Ulcer ; Pain Management
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Introduction redness and subtle swelling in the specific non-
Low-level laser therapy (LLLT), a subtype of Keratinized mucosal area that is affected. Within a
photobiomodulation  therapy (PBMT), utilizes few hours, distinct ulcers with identifiable features

photons at a lower intensity compared to other forms
of laser therapy. This method does not rely on
ablative or thermal mechanisms but instead operates
through a photochemical effect, where light is
absorbed and induces a chemical change. It can have
either a stimulating or inhibitory effect on target
tissues. Its medical applications include the reduction
of pain and inflammation, enhancement of tissue
repair, promotion of tissue and nerve regeneration,
and prevention of tissue damage in various situations
[1-4],

Studies have shown that far-red and near-infrared
light (NIR), used in LLLT, improve wounds by
stimulating collagen metabolism and reducing pain,
although our current understanding of these
mechanisms is still incomplete. LLLT is known to
exert beneficial biostimulatory effects on both soft
and hard tissues. In soft tissue, it promotes healing,
reduces inflammation, and stimulates collagen
synthesis. In hard tissue, LLLT has demonstrated
potential in accelerating tissue repair (358,

Oral ulcers, arising from traumatic, immunological, or
other pathological processes, are a common
complaint involving the oral mucosa and can cause
varying levels of pain. The primary goal of treatment
is to alleviate symptoms and accelerate the healing
process. Despite various treatment attempts to
enhance wound healing, the challenge of managing
and treating these conditions persists. Orofacial
ulcers and pain hinder essential functions such as
eating, swallowing, maintaining oral hygiene, and
speaking, especially when severe pain accompanies
acute or chronic lesions. Ulcerative lesions,
particularly recurrent aphthous stomatitis (RAS), are
a leading cause of pain in the oral mucosa,
significantly impacting quality of life [>-13],

The oral mucosa is frequently afflicted by RAS, which
stands as the prevailing clinical condition in this
particular domain. Its prevalence in the general
population ranges from 5% to 25%, with the highest
occurrence during the second decade of life. T-
lymphocytes are believed to play a vital role in the
emergence of this type of immunological dysfunction.
Numerous factors contribute to its development,
including genetics, immunology, hypersensitivity to
food and drugs, hormonal fluctuations, physical
trauma, deficiencies in essential nutrients like serum
iron, folate, and vitamin B12, environmental and
psychological stress, as well as viral infections.
However, the exact cause remains uncharted.

Oral aphthous stomatitis represents a painful
inflammatory condition in the oral mucosa, which
can occur individually or as a manifestation of an
underlying disease. Due to its frequent recurrence, it
is referred to as RAS. In the early stages, individuals
usually experience a tingling sensation, along with
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become visible. The ulcers associated with RAS are
round or oval-shaped, with well-defined
erythematous haloes and a shallow center covered by
a gray or yellowish fibrinous pseudomembrane.
These ulcers may appear intermittently, with
intervals spanning from a few days to several months
[4-12],

When aphthous-like symptoms are found in the oral
mucosa, it is crucial to collect a thorough medical
history and establish an accurate differential
diagnosis, eliminate the related systemic condition,
and identify remediable factors prior to diagnosing
aphthous stomatitis. Based on the pain, number, size,
and duration of ulcers, RAS can be classified into
three types: minor, major, and herpetiform ulcers.
Minor RAS is the most common form, accounting for
approximately 70-85% of all RAS ulcers. These ulcers
typically occur in the non-keratinized oral mucosa
and can persist for days or weeks. The
pathophysiology of aphthous ulcers is still not fully
understood, although various bacteria are implicated
in its microbiological culture. The effective
management of aphthous ulcers poses a significant
challenge. There are various types of therapies
available for the treatment of this condition, which
can be broadly classified as either topical or systemic.
Topical treatments encompass a range of options
such as mouthwashes, gels, pastes, sprays, injections,
and even laser treatments. Among these, there is a
laser therapy technique known as PBMT that has
shown promise in effectively targeting and treating
localized instances of this condition. For oral
aphthous derived from an underlying disease, topical
medications are preferred due to their minimal side
effects [14-21],

LLLT has been widely studied for its clinical efficacy
in tissue healing as a topical method. According to in-
vitro research, LLLT can significantly enhance a wide
range of cellular processes. It increases the motility of
keratinocyte cells, stimulates the release of growth
factors, and induces the transformation of fibroblasts
into myofibroblasts. In studies where LLLT was
applied to one of two randomly chosen wounds
spaced apart, both the treated and untreated wounds
showed improved healing compared to a placebo.
These findings were reported by Braverman et al,
who observed increased wound contraction in rabbit
wounds treated with LLLT compared to control
wounds on the opposite side. They suggested that
LLLT may have induced the production of tissue
growth factors that affected surrounding tissues or
entire systems. Indirect repair could be a valuable
effect of LLLT in treating large-sized or multiple-
location tissue damage. It also implies that deeper
tissues could be influenced by laser therapy [22 231,
Studies provide supporting evidence for the potential
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use of laser therapy as a treatment for oral ulcers.
This treatment has been found to impact macrophage
polarization and promote wound healing in the oral
cavity.

The proteins found in the body, particularly those
within the mitochondrial-cytochrome system, are
thought to be the primary receptors for laser light.
These receptors are likely involved in mediating the
effects of LLLT, although the exact mechanism of
immunomodulation is not yet fully comprehended.
One of the key benefits of LLLT is its analgesic effect,
which is achieved through the inhibition of various
nociceptive stimuli. These stimuli can be related to
changes in temperature and chemical irritations. By
applying LLLT, the pain threshold can be increased.
This effect is attributed to the stabilization of cell
membranes and the regulation of resting cell
potential. LLLT helps to modulate and reduce pain
sensations, thereby yielding favorable outcomes in
terms of alleviating pain [5 24301,

LLLT limits the production of proinflammatory
mediators within damaged nerve cells, while
simultaneously promoting their maturation and
post-traumatic regeneration. Furthermore, LLLT
stimulates the production of adenosine triphosphate
(ATP) and reduces cellular oxygen demand by
targeting and stimulating the mitochondria, which
are the powerhouses of the cells. This metabolic
enhancement aids in tissue repair and regeneration.
The application of LLLT has been found to affect
various biochemical factors. It results in increased
levels of serotonin and endorphins, which are
neurotransmitters associated with mood and pain
relief. Conversely, it reduces the levels of
prostaglandin E2 and interleukin-1 beta, which are
pro-inflammatory substances. The overall outcome
of these biochemical changes is a reduction in pain
perception. Additionally, LLLT inhibits the activity of
plasminogen activator, an enzyme responsible for
collagen breakdown. By doing so, it helps to mitigate
the inflammatory response and facilitate the healing
process [31],

LLLT has been investigated for the treatment of oral
mucositis and RAS. Given recent reports on the
successful application of LLLT as an advanced
treatment modality for RAS, the objective of this
review is to comprehensively assess and summarize
clinical studies to determine the efficacy of laser
therapy as a viable option for treating aphthous
ulcers. To accomplish this, we have conducted a
review of relevant studies published between the
years 2013 and 2023 [32-35],

Information and Methods

Search strategy

Three online databases have been searched from
2013 to 2023. The following keywords "Low-level
laser therapy"”, "LLLT", "aphthous", "recurrent

aphthous”, "aphthous stomatitis”, "pain”, and "laser
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therapy" have been used to search among titles and
abstracts in Science Direct and in titles in Google
Scholar. "Low-Level Light Therapy"[Mesh]) OR
"Lasers"[Mesh] AND "Stomatitis, Aphthous"[Mesh]
with/without "Wound Healing"[Mesh] OR "Pain
"[Mesh] as MeSH terms were utilized to search in
Medline.

The article selection was performed in 5 phases: In
phase I, duplicated articles were removed. In phase I,
titles and abstracts were studied, and unrelated
articles were excluded. In phase III, by studying the
materials and methods of the articles, some were
eliminated. In phase 1V, full-text articles were
analyzed, and some were excluded. In phase V, the
eligibility criteria consisted of randomized controlled
trials (RCTs), and all found RCTs were included.
Exclusion Criteria

Exclusion criteria were studies involving other
interventions with RAS or systemic diseases affecting
treatment  outcomes, methodological issues,
including lack of a control group, unclear group sizes,
inconsistent post-intervention observation
protocols, absence of statistical analysis, or papers
unavailable in full-text, non-English articles, reviews
outside the selected timeline, in vitro studies, animal
studies, and case reports, and studies focusing on the
laser treatment of non-aphthous oral or extra-oral
lesions.

Inclusion Criteria

Exclusion criteria were English language papers,
randomized controlled trials (RCTs) and case series,
papers available in full text, retrospective studies,
and studies specifically addressing laser treatment of
oral aphthous ulcerations.

Laser Type

Among the lasers used in dental practice are high-
power lasers such as the Carbon Dioxide Laser (CO2),
Neodymium-Doped Yttrium Aluminium Garnet
(Nd:YAG), diode lasers, and Erbium: Yttrium
Aluminium Garnet (Er:YAG) and Erbium, Chromium-
doped  Yttrium Scandium  Gallium  Garnet
(Er,Cr:YSGG).

These can be applied using focused/defocused and
contact/non-contact methods to achieve various
effects on the target tissues.

Pain Measurement

The Visual Analogue Scale (VAS) is employed to
measure pain levels, ranging from 1 (no pain) to 10
(severe pain). In some studies, pain relief is
categorized as complete, partial, or no relief, rather
than comparing VAS scores over time.

Ulcer Size

Ulcer dimensions are measured using a periodontal
probe in millimeters across different days. Some
studies evaluate the effectiveness of size reduction
using a scoring system: 1 (healed), 2 (marked
improvement), 3 (moderate improvement), and 4 (no
improvement).

Patient Satisfaction
Complications

and Functional
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Patient satisfaction and reductions in functional
complications are assessed using the VAS. Difficulties
in eating, drinking, and brushing are evaluated from
day 0 to day 3 with a questionnaire offering options
of none, slight, moderate, and severe for each activity.
Healing Time

Healing of Recurrent Aphthous Stomatitis (HRAS) is
compared between the study and placebo groups in
terms of days until re-epithelialization is observed
clinically. Some studies assess the stages of
epithelialization as absent, initiating, or complete.
Recurrence of Lesions

Recurrence is documented in terms of months if the
patient reports new lesions.

Gender Differences

Some studies assess the differential response to
treatment between men and women.

Findings

A total of 88 articles were initially found during the
search. After conducting data selection phases, 8
original papers met the criteria and were selected for
this study [5 2430, 38] Figure 1 shows the study
selection process.

Records excluded duo to
exclusion criteria
(n=9)

Full-text articles excluded,
with reasons
(n=10)

Figure 1. The study selection process.

Laser biostimulation of tissue employs a laser beam
within specific wavelengths, typically between 630
and 1000 nm, and with power outputs ranging from
2 to 200 mW. The effectiveness of this technique is
influenced by factors such as tissue vascularization
and the dispersion of energy by erythrocytes, which
leads to reduced antioxidants and oxidation in the
area, resulting in collagen deposition and
Iranian Journal of War and Public Health
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epithelialization, thereby improving wound healing

[26,31],

The type of laser and its therapeutic application

method can induce different levels of biological

changes [11.

Fekrazad et al. compared the efficacy of two methods

of ND:YAG laser treatment with a sham laser

(Time=60s; Frequency=30Hz; Power=3W). Group A
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was treated with focused laser with the following
specifications: Energy=100m], Energy density=48
[J/cm?], Power density=0.797 [W/cm?2], Spot
size=0.1256 [cmZ], while Group B received defocused
laser treatment, with the laser tip positioned 6 mm
away from the lesion to achieve defocused
irradiation, Energy density=21 [J/cm?], Power
density=0.354 [W/cm?], Spot size=0.2826 [cm?2]. The
control group received a similar treatment using a
He-Ne red light laser. The defocused technique
demonstrated better results in all assessed
parameters [38l. These results were supported by
findings from the study conducted by Chen et al,
which demonstrated that a defocused laser shows
better macroscopic properties, while having lower
temperature and mechanical performance, and less
collagen distortion and deformation, all of which vary
by adjusting the focus [391.

A total of four papers utilized diode lasers with
varying wavelengths for PBMT. Bardellini et al
employed a laser with a wavelength of 645 nm, power
of 100 mW, a spot size of 1 cm?, an energy density of
10 ] /cm? in the study group, and a switched-off mode
in the control group. Similarly, another study by
Soliman et al. used a diode laser at a wavelength of
660 nm, with an intensity of 100-130 mW/cm, and an
energy of 4 J]/cm?2, while employing a placebo in the
study and control groups, respectively [24 25],
Ibrektson et al. reported the use of a GaAlAs diode
laser with a wavelength of 809 nm, power of 60 mW,
frequency of 1800 Hz, duration of 80 seconds per
treatment, and a dose of 6.3 ]/sz, compared to a no-
power laser in a sham control group. In a similar vein,
Aggarwal utilized an output power of 500 mW and a
wavelength of 810 nm, maintaining a distance of 2-3
mm between the laser tip and the ulcer surface in his
evaluations [29 301, All studies found these methods
beneficial for managing RAS. A clinical assessment to
evaluate the effects of different wavelengths and
output powers on tissue showed that increasing both
can enhance the thermal effect of lasers. The increase
in thermal changes with higher wavelengths is due to
greater water and hemoglobin absorption with the
980 nm diode laser compared to the 810 nm and 940
nm diode lasers. At higher wavelengths, good
absorption by water and hemoglobin in tissues
results in a further increase in temperature, which is
more suitable for ablation and biopsy procedures.

A comparison between diode lasers and CO2 lasers
was conducted by Zeini Jahromi et al, who analyzed
a CO2 laser (DEKA, 10600 nm) for approximately 5-
10 seconds at a power output of 2W and a distance of
12.5 mm from the tissue as Group A. An InGaAlP
Diode laser (AZOR-2K, 660 nm), at a frequency of 80
Hz, power output of 25 mW, power density of 3 J/cm?,
and a focal spot size of 9.04 mm was used in contact
with the lesion surface for 4 minutes in Group B,
while Group C utilized a sham laser. Results indicated
pain reduction immediately after treatment with the
CO2 laser, although the pain persisted longer after
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this type of treatment compared to the InGaAlP Diode
laser. CO2 laser treatment also resulted in fewer
functional complications compared to the placebo
group. However, laser treatment did not show
significant improvements in healing time in this
study. Zand et al. evaluated the effects of a non-
thermal non-ablative 1 W CO2 laser on the wound
healing of minor RAS in a single session. Their study
revealed that laser treatment can improve the
healing of ulcers, which contrasts with these results.
The use of a non-ablative method in this study may
explain the different outcomes compared to the
current article [26.42],

CO2 lasers have also been utilized at 0.7 W power,
using a defocused handpiece in continuous mode for
5-8 seconds, at a distance of 5-7mm from the mucosal
surface in a spiral motion, as investigated by Prasad
et al. This method, which was compared to a placebo,
confirms the efficacy of this therapy in a single
session. It employs a non-contact, non-ablative, and
non-invasive method without anesthesia and offers
pain relief (sustained for up to 24 hours) and
accelerated healing. These studies reveal that even
when high-power lasers are positioned further from
the tissue, reducing laser power relative to the
distance, they can achieve similar effects to low-level
lasers 1. An Er,Cr:YSGG laser was applied in one of
the studies, with a 600 pm diameter, 6 mm length tip
at an energy level of 0.25W with a repetition rate of
20kHz, pulse duration of 140us without water and
10% air at 5 J/cm2 energy density in non-contact
mode. According to Yilmaz's findings, using an
Er,Cr:YSGG laser at 0.25W without water may be
suitable for reducing pain and accelerating the
healing of RAS compared to a sham control [27],

Several studies have investigated the efficacy of
different interventions for managing pain levels over
time. These studies employed the VAS to assign
numerical values to pain intensity levels reported by
individuals. Bardellini et al. observed a decrease in
pain levels from Day 0 to Day 7, with the study group
exhibiting reductions from 4 to 1 by Day 4, and 1 by
Day 7, while the control group showed reductions
from 4 to 3 by Day 4 and 1 by Day 7. Soliman et al.
demonstrated pain reductions in the study group
with values decreasing from 2 on Day 1 to 0.82 on Day
3, in contrast to the control group, which maintained
constant values around 10 throughout the study
period. Zeini Jahromi et al. highlighted reductions in
idiopathic and contact pain with different lasers; the
CO2 laser significantly reduced pain from 1.71 to 0.7,
whereas the Diode laser reduced pain from 0.58 to
2.08. Additionally, pain reduction after treatment
was immediate with the CO2 laser but lasted longer
with the Diode laser. Yilmaz et al. showed reductions
in pain levels from a baseline of 8.3 to 0 by Day 10 in
the study group, compared to minimal reductions in
the control group, with statistically significant
differences at various time points post-treatment.
Albrektson et al. reported decreasing VAS scores

Winter 2024, Volume 16, Issue 1

Archive of SID.ir



Archive of SID.ir

Low-Level Laser Therapy in Management of Recurrent Aphthous Stomatitis; A Comprehensive Review 40

from Day 0 to Day 2 in both study and control groups,
with statistically significant differences observed due
to the treatment. Aggarwal et al demonstrated
varying pain reduction scores between the treatment
and control groups, with the laser group showing
significantly greater reductions compared to the
control group. Prasad et al emphasized the
effectiveness of non-contact CO: laser treatment in
providing immediate and lasting pain relief for up to
24 hours after a single session, further supporting the
positive impact of this modality on pain reduction.
Overall, these studies showcase the numerical impact
of various treatments on pain reduction, providing
valuable insights into the efficacy of different
interventions in managing pain levels over time [5 24
30,38],

To gain a comprehensive understanding of the effects
of different interventions on ulcer healing, a review
of relevant studies provides valuable insights into
changes in ulcer size and healing time. These factors
are crucial in identifying effective treatment
approaches and optimizing patient outcomes. In this
analysis, we examine the findings of several studies
conducted by Fekrazad et al., Bardellini et al.,, Soliman
etal, Zeini Jahromi et al, Yilmaz et al., Aggarwal et al.,
and Prasad et al, which illuminate the impact of
various interventions on ulcer size reduction and
healing time. The data presented by Fekrazad et al
indicated a notable decrease in ulcer size over three
consecutive days, demonstrating that a focused
treatment technique led to a shorter healing time.
Bardellini et al reported statistically significant
differences in ulcer diameter reduction between two
groups on days 4 and 7, with both groups showing
progressive reduction and complete healing by day
10. Soliman et al. observed statistically significant
differences in ulcer size between the study group on
days 1, 4, and 6 compared to the control group,
particularly highlighting the efficacy of laser
treatment in reducing ulcer size. Zeini Jahromi et al.
found no significant differences in ulcer repair time
among different groups and highlighted a lack of
satisfaction with laser treatment in their study.
Yilmaz et al. showcased the significant healing effect
of laser treatment, with HRAS scores differing from
the control group, indicating maintained
effectiveness throughout the study. Aggarwal et al
reported a statistically significant reduction in lesion
size and a highly significant shorter healing time in
the LLLT group compared to the sham-controlled
group. Prasad et al. also found faster healing times in
laser-treated ulcers, further supporting the efficacy
of laser treatments in promoting ulcer healing based

on scientific assessments and statistical analyses [5 3%
30, 38]

Discussion
Lasers are considered an alternative treatment
option due to their promising properties, such as
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excellent water absorption and effective penetration
of biological tissues [3l. RAS is characterized by
painful mouth ulcers causing dysfunction without an
underlying disease explanation. Standardized
treatments for this condition are lacking, and none
are curative. The primary goal of any treatment
should be to alleviate pain, shorten ulcer duration,
and prevent recurrence [44. Assessing laser efficacy in
pain reduction is crucial.

LLLT also positively affects microcirculation by
enhancing arteriolar dilation, improving blood flow,
and contributing to tissue healing and regeneration.
LLLT stimulates fibroblast proliferation, which are
crucial cells in wound healing, and their maturation
into myofibroblasts, thereby accelerating wound
healing. Additionally, LLLT enhances fibroblastic
growth factor secretion, further aiding tissue repair
and reducing overall healing time [311.

To assess the impact of laser treatment on patient
satisfaction and functional complications,
researchers used the Visual Analog Scale (VAS) to
record satisfaction ratings and reduction in
functional complications for different treatment
groups. Patient satisfaction was measured using the
VAS, a tool allowing individuals to rate satisfaction or
discomfort on a scale, with ratings recorded for
different groups.

Analyzing the data provided, several conclusions can
be drawn regarding patient satisfaction and
reduction in functional complications post-laser
treatment for painful mouth ulcers. The average VAS
rating for reduction in functional complications in the
study group was 8.57+1.50, indicating a significant
improvement after laser treatment.

The average reduction in functional complications for
the control group was 7.50+2.19 on the VAS,
indicating a relatively lower improvement level
compared to the study group [26. Both groups
experienced reduced functional complications after
laser treatment for painful mouth ulcers. However,
the study group showed a higher improvement level
in functional complications than the control group.
Regarding patient satisfaction, the control group
reported relatively higher satisfaction compared to
the study group. It's essential to note that satisfaction
ratings may vary based on individual experiences and
expectations. Further analysis and evaluation may be
necessary to fully assess the effectiveness and
outcomes of laser treatment for painful mouth ulcers
[25,26],

Upon thorough review of the studies, no discernible
disparity was found in lesion localization or between
genders.

However, more extensive comparisons between
high-power and low-power lasers are needed to
determine the ultimate effectiveness of lesion
ablation. Further research is warranted to elucidate
the underlying mechanisms of LLLT, laser focus
effects, and optimize treatment protocols for
favorable clinical outcomes.
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Conclusion

Among various laser types, the diode laser is most
commonly used, providing immediate pain relief.
Albrektson's study demonstrates the fastest pain
reduction with the diode laser at low power settings.
Functional complications decreased as healing
accelerated with LLLT in most cases.
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