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Abstract
Lasers have gained rather broad application in the field of medicine, as well as in dentistry. Different wave lengths are appropriate for a variety
of uses, such as hemostasis, antimicrobial effect, tissue section and excision. Low level laser therapy (LLLT) is particularly interesting, since it
stands out for its biostimulatory effect on tissues.
The aim of the present review is the presentation of the broad spectrum of use of LLLT in the oral cavity, of the current literature on the matter
and the dynamic lasers exhibit affecting different cell populations.
Without it having been completely clear, there is a mechanism that leads to analgesia after LLLT application. In the field of dentistry, LLLT
is extremely useful for complementary use on the non-surgical treatment of periodontitis and peri-implant diseases, with very promising
results. Experimentally, it seems to have a tremendously positive effect on the proliferation and differentiation of various cellular lines.
That event has a double benefit, both on the acceleration of wound healing and on the faster and better osseointegration of titanium implants.
Although the use of lasers has yet to be broadly accepted for all potential applications, there is great field for further research that will lead to
more reliable and long-term results. The great heterogeneity of settings, which are applied, implies the need for more studies, so that specific
protocols can finally be announced. However, lasers certainly help with patient relief, which is after all a dentist’s main target. Undoubtedly,
their correct use depends on the clinician’s deep theoretical knowledge and clinical skill, so that unfortunate events are avoided.
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Introduction
Undoubtedly, the evolution of medicine is closely related
to the field of basic sciences. Almost 70 years since the
revolutionary work of Townes et al., at Columbia University,
where forced emission of radiation was firstly achieved.
When it comes to lasers used in the dental field, however, two
general categories of treatment are available. First, there is
High reactive-level Laser Treatment or HLLT which can be used
in the treatment of periodontal diseases, for tissue ablation or
tissue incision and excision. For example, Nd: YAG radiation is
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absorbed by haemoglobin, which makes it extremely useful
when tissue ablation is necessary.
Lately, however, Low Level Laser Therapy or LLLT seems
to be taking over the field. Many studies refer to it as
‘Photobiomodulation’, a term that comprises the promotion
of cellular proliferation, collagen synthesis and analgesic
action through various photoelectrical, photochemical and
photophysical phenomena [1]. The biostimulatory nature of
lasers had first been described by Gamaleya, back in 1977 [2].
In such therapies, the power applied reaches up to 500 mW or
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Figure 1: Absorption spectrum of laser wavelengths by various tissues.

0.5 W, while the energy density is usually between 2-4 J/cm2
[3]. Moreover, it is associated with small wavelengths, since
the optimal results are achieved within the spectrum of red
and near infrared radiation (540-1064 nm).
According to the Arndt-Schultz law, ‘weak stimuli excite
physiological activity, moderate stimuli favor it, and strong
stimuli arrest it’. This means that ‘all desirable biological
responses arise within a therapeutic window’ [4]. Lower energy
will not lead to that result, whereas higher energies will have
inhibitory action. This statement contains the logic behind
LLLT, whose applications in the oral cavity will be discussed in
this narrative review.

Mechanism of Action
Human eukaryotic cells contain some thousands of
mitochondria, where the production of Adenosine
triphosphate (ATP) takes place and are therefore, the main
energy depository of the cell. The final step of the respiratory
chain in mitochondria, which is Complex IV, transfers electrons
from cytochrome c to heme a, to the a3-CuB centre and finally, to
the molecular oxygen [5]. Under ischemic or stress conditions,
nitrogen oxide (NO) is composed in the mitochondria, which
antagonizes oxygen to the binding on cytochrome c oxidase.
This chromophore molecule can absorb red and near infrared
radiation, mainly due to the iron and copper ions that are parts
of its subunits. Therefore, in a hypoxic cell, Low Level Laser
Therapy causes the release of NO from cytochrome c oxidase,
which leads to the re-binding of oxygen and ATP production,
with the subsequent decrease of oxidative stress. Karu has
also proposed ‘Retrograde Mitochondrial Signalling’, that
starts with the absorption of a photon by Cox chromophore.
Consequently, there is an increased ATP synthesis and
alterations in the concentrations of ROS, NO and calcium.
Moreover, modifications of the mitochondria structure, such
as ATP synthesis and cAMP levels influence the nucleus [6].
An alternative theory, as far as the mechanism of action is
concerned, regards the activation of photosensitive channels
of ions, which allows the entrance of calcium in the cell [7].
Channelrhodopsins (ChRs) are the most researched of the
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kind, which can be found in several kinds of flora, such as
the algae [8,9]. This family consists of seven transmembranedomain proteins, that upon activation with LLLT, open and
induce membrane depolarization. Moreover, Transient
Receptor Potential (TRP) channels are currently studied,
which are calcium channels whose activity is mediated
by phosphoinositides [10]. For example, Yang et al. have
demonstrated that stimulation of mast cells with LLLT resulted
in an increase of intracellular calcium ions and release of
histamine. The role of those channels was shown, since upon
use of TRPV4 inhibitor, the secretion of instamine was halted
[11]. TRPV1 channels are also affected by photobiomodulation,
which blocks their activation by capsaicin, thus restricting the
production of pain stimuli in neurons in vitro [12].

Clinical Implications – Treatment of Periodontal
Diseases and Conditions
Periodontal diseases, a major cause of tooth loss in adulthood,
are treated with a series of therapeutic interventions that
target bacteria, the main one being root scaling and planning.
This process is highly intervening and causes trauma to the
tissues, while their healing depends on various molecular and
cellular responses.
As far as inflammation in general is concerned, Albertini
et al. report its reduction after treatment with low-level
laser irradiation [13]. Moreover, in vivo studies in rats have
revealed a dose-dependent decrease in Tumor Necrosis
Factor-a (TNF-a) levels with LLLT in acute inflammation [14].
Specifically, animals formerly injected with LPS, received four
doses of 650nm-laser irradiation, with a total energy density
of 5.2 J/cm2. LLLT seemed to reduce total TNF-a concentrations
in a statistically significant manner. Bacteria, of course, are
also cells and, based on this logic, Petrovic et al. searched the
effect of LLLT on Agregibacter actinomycetecomitans, as well as
Tannerella forsythia, Porphyromonas gingivalis and Treponema
denticola. The latter three were characterized by Socransky et
al., in 1998, as the most pathogenic bacteria in the oral cavity,
mainly implicated in cases of severe periodontitis [15]. Petrovic
used LLLT as an adjunctive to scaling and root planning, using
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980 nm-laser irradiation on 30 patients, at 0.2 W power and 6 J/
cm2 energy density. All the bacteria were significantly reduced
in numbers (p<0.01) for the group that received LLLT [16]. This
finding is particularly important as the target of periodontal
therapy is not only the arithmetic decrease of bacteria, but
also a qualitative switch of biofilms towards the domination of
more symbiotic species.
The classical approach to periodontal therapy is scaling
and root planning per quadrant and a subsequent four- to
six-week healing period which may be followed by surgical
intervention if required for pocket elimination. The adjunct
role of LLLT is studied as far as its effect on the improvement
of clinical signs of inflammation and pocket depth reduction
is concerned, during the non-surgical phase of therapy.
Quadri et al. have examined the results of laser irradiation,
subjunctively after scaling and root planning. They used a
diode laser, at 635 nm wavelength at 10 mW power for 90 s
and at 820 nm wavelength at 70 mW for 25 s. Six consecutive
sessions were performed, with a week’s time gap between
them. All clinical parameters were significantly improved
in the sites that received laser treatment. The authors have,
therefore, concluded that adjunctive LLLT may indeed reduce
inflammation of the periodontal tissues [17].
In a different study design, a comparison between a He-Ne
laser at 632.8 nm wavelength and 3 mW power and a diode
laser at 650 nm wavelength and 3 mW power was performed
[18]. Apart from the wavelength, the rest of the parameters
were common for both groups. There was a significantly greater
reduction of the gingival index score and pocket depth where
He-Ne laser was used. Therefore, wavelength certainly affects
the outcome of the treatment, which is why each laser device
must be used cautiously and with substantial knowledge of
physics. Yang et al. have found many beneficial aspects to LLLT
combined with non-surgical periodontal therapy, particularly
in cases of smokers. The explanation for this lies on the
positive effect of LLLT in microcirculation, collagen synthesis
and cytokine secretion regulation [19].
However, the results of Riberio et al. are in absolute contrast to
the above [20]. They used a diode laser of 780 nm wavelength
at 70 mW power, for 20 seconds per site for analgesia and a 630
nm laser at 35 mW power for 10 seconds for healing. Patients
were irradiated again after 24 and 48 hours. They did not reach
similar conclusions since they found no clinical benefit for
shallow to moderate pocket depths. Moreover, Calderin et al.
have reported that LLLT in a single or more consecutive doses
does not bring any significant reduction of clinical parameters
[21].
The position of the American Academy of Periodontology
is that there is still inadequacy of data to support the
effectiveness of laser applications in non-surgical treatment of
periodontal diseases (American Academy of Periodontology,
Board of Trustees 2011).
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Clinical Implications – Necrotizing Ulcerative
Diseases of the Periodontium
Necrotizing diseases of the periodontium constitute a
particularly unpleasant condition for the patient, since a
common, basic symptom is acute pain. One case report is
very engaging, since LLLT was performed, along with the
rest therapeutic steps, in a patient with necrotizing ulcerative
gingivitis. What was observed was the immediate pain relief,
as well as a very uneventful healing process the next days.
Despite there not being any reports on the clinical parameters,
this study poses a great motive for clinicians to investigate the
potential benefits of LLLT on such cases, where analgesia is
key to the application of the rest therapeutic steps and to the
quality of living of the patient [22].
However, in cases of common gingivitis, LLLT role has also
been investigated. Igic et al. included 130 children in their
study that revealed morphological alterations of epithelial
cells, which had similar size of nucleus to that of healthy cells,
after LLLT. A 635 nm-diode laser was used, with the parameters
being 25 mW power and exposure time at 120 s, with a power
density of 200 mW. Laser irradiation was performed for five
consecutive days [23]. Gingivitis constitutes, however, a
reversible disease and easily resolvable, within two weeks after
professional prophylaxis and proper oral hygiene application,
but this evidence is particularly useful for periodontitis cases as
well, which is always the progression case of chronic gingivitis.
Moreover, in cases of gingivitis where heavy symptoms are
present, such as edema and spontaneous bleeding, the
application of LLLT with the promotion of the healing process,
could clinically facilitate the faster resolution of such signs, so
that the patient can easily apply oral hygiene, which is the key
component to therapy success.

Low-Level Therapy and Oral Cells - Osteoblasts
Implants constitute, nowadays, an integral part of everyday
clinical practice in dentistry and patients’ requests regarding
a faster rehabilitation are constantly growing. Therefore,
research is targeted towards the achievement of a more rapid
and effective osseointegration process.
The effect of low-level Nd:YAG laser irradiation on osteoblasts
anchored on sandblasted and acid-etched (SLA) titanium
surfaces appears to be very promising. In a recent study,
the proliferation potential of osteoblasts was significantly
increased after the irradiation, while a faster differentiation
of cells on SLA surfaces has been noted 14 and 21 days
afterwards. In addition to that, the expression of early markers,
which were alkaline phosphatase (ALP) and Runx-2, was
significantly higher within the first 7 days after irradiation.
Lastly, an increase in osteocalcin levels was also observed,
which is a non-collagen protein of the bone and the marker of
the final differentiation of osteoblasts. Interestingly, increased
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proliferation was mostly present on Tissue Culture Plastic (TCPPolysterene) and smooth titanium surfaces, whereas when it
came to SLA surfaces, increased differentiation was noted [24].
Khadra et al. report increased levels of calcium and
phosphorus, as well as greater bone-to-implant contact,
after LLLT irradiation with an 810 nm diode laser [25]. An
interesting finding is that of Dortbudak et al., who have
revealed a significantly greater viability of osteoblasts on the
first stages of healing, after implant placement, using a 630
nm-diode laser. In another study by this group, osteoblasts
derived from mesenchymal cells were irradiated in vitro
on days 3, 5 and 7 of culture with a 690 nm-diode laser for
60s. Bone deposition was significantly more evident in lased
cultures and, the authors concluded that LLLT could be proven
to be very beneficial for the osseointegration of implants [26].
Bourouni et al. have also proceeded to irradiate co-cultures
of immature osteoblastic cells (MG-63) and human gingival
fibroblasts, with a single dose of 810 nm laser irradiation, with
15 J/cm2 energy density. Cell proliferation and viability were
evaluated for the first three days after irradiation, as well as
cell differentiation potential through Collagen Type 1a and
ALP gene expression. The thought behind the co-culture was
to create a model that was a simulation of flap elevation under
clinical circumstances. Proliferation was significantly increased
in both cell types, while Collagen 1a expression was also
higher in the irradiated groups. However, ALP gene expression
was not found to be statistically significant between the test
and control groups [27]. Bone irradiation with a CO2 laser prior
to the implant insertion promotes osseointegration and new
bone formation [28]. Finally, a diode-laser driven increase of
bone morphogenetic protein-2 (BMP-2) is associated with
accelerated synthesis of bone and enhanced primary stability
in mini-implants [29].
The research interest, however, is not only directed towards
the osseointegration achievement, but also to very prevalent,
late complications of implants, which are peri-implant
diseases and most importantly, periimplantitis. In a systematic
review of Albaker et al., the authors have found that the
complementary use of low-level laser therapy on peri-implant
mucositis treatment leads to further reduction of inflammation
[30]. However, they have underlined the inadequacy of data
to perform a meta-analysis, as well as the importance of the
existence of confounding factors, such as smoking. Giannini et
al. have also shown that low-level Nd: YAG laser irradiation has
bactericidal effect in clinical conditions, without destroying
the implant surface and osseointegration due to extreme
increase of temperature [31].

Low-Level Therapy and Oral Cells – Epithelial Cells
and Fibroblasts
Epithelial cells play an important role in tissue healing
processes. It has been shown that after trauma, this cell group
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proliferates and migrates to that area, while concomitantly
secreting growth factors that stimulate the underlying
tissues. Low-level laser irradiation of such cells, in vitro,
reveals a series of molecular events that are associated with
inflammation control and healing acceleration. Near infrared
radiation appears to have much greater penetration depth
in the tissues, therefore stimulation of the substrate towards
an inflammatory response. As far as infrared radiation is
concerned, lower energy leads to greater proliferation and
metabolic activity of cells.
Basso et al. have used a three-dimensional model for the
culture of epithelial cells, an organotypic oral epithelium, as
they call it. The reason behind this selection was the better
morphological and phenotypic conditions it provides for
cell culture, compared to monostromatic models. Moreover,
it has been shown that tissue thickness may interfere with
irradiation absorbance and reflection. The authors exposed
human keratinocytes to780 nm-laser irradiation, in three
doses, using 0.5, 1.5, 3, 5 and 7 J/cm2 energy doses. Exposure to
0.5 J/cm2 and 1.5 J/cm2 has resulted in greater stratification of
cells, whereas in the group of 3 J/cm2, an epithelium of smaller
thickness could be noted. Nevertheless, the greatest rate of
proliferation was observed for the lowest energy density
given., which was 0.5 J/cm2 [32].
Similarly, to keratinocytes, in vitro irradiation with infrared
radiation, brings the optimal result as far as their proliferation,
migration and viability are concerned [33]. A series of studies
by the same group have also been performed to gingival
fibroblasts cultures. Basso et al., have exposed fibroblasts
to the same energy densities mentioned above and 40mW
power density, for three consecutive doses, with an 780 nmdiode laser. Cell irradiation with 0.5 and 3 J/cm2 resulted in a
significant increase in cell metabolism. Moreover, the number
of viable cells for those two groups was significantly higher,
meaning LLLT can promote biostimulation of fibroblasts. In
another study, gingival fibroblasts were initially stimulated
with several inflammatory cytokines (IL-1β, TNF-a, IL-6 and IL8) for 24 hours. Afterwards, all test groups received three doses
of 780 nm-laser irradiation, with 25mW power density and
0.5 to 3 J/cm2 energy density. Cell migration, as an indicator
of wound healing, was assessed, as well as cell proliferation,
Collagen 1 and vascular endothelial growth factor (VEGF)
synthesis. IL-6 and IL-8 resulted in a statistically significant
alteration in cell migration and wound area, but overall, all
cytokines decreased the migration potential of the cells.
Moreover, these cytokines lead to reduced collagen and VEGF
expression. LLLT with 0.5 J/cm2 energy density has significantly
increased cell proliferation (1.2 times), as well as migration (0.3
times). LLLT also lead to greater gene expression of VEGF and
EGF [34,35]. Martignago also has reported an increase in VEGF
and Type I Collagen after exposure of mice fibroblasts to LLLT
[36].
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In a recent systematic review, Bakshi et al. have evaluated
different diode lasers and the effect of irradiation on human
gingival fibroblasts [37]. Overall, various wavelengths were
used in the studies included and the authors have divided
them in different categories, depending on the wavelength
range. For all wavelengths used, which ranged between 6001000 nm, with the most common ones, among others, being
780 nm, 635 nm, 600 nm, 685 nm and 810 nm, for power
between 10-30 mW, significant cell proliferation was observed
in many studies. Power greater than 500 mW seems to reduce
fibroblast population. Even though 940 nm irradiation did not
influence cell growth, it resulted in higher expression levels
of IGF, VEGF, TGF-β and Type I Collagen mRNA. The cells were
irradiated with a single dose at a power of 300 mW for 20 s/
cm2. Moreover, in one study, included in the systematic review,
where 685 nm laser irradiation was used, basic fibroblast
growth factor (bFGF), except for the group where 660 nmlaser irradiation was used, insulin-like growth factor-1 (IGF1) and IGF-binding protein were significantly higher in the
irradiated groups.
Interestingly, for the 810 nm irradiation, with power of 10
mW and exposure for 75, 150 and 300 s the stimulation of
cell growth was more likely dose-dependent, since 48 and 72
hours after a single dose, the results were no longer statistically
significant. However, Frozanfar et al. studied the effect of an
810 nm-diode laser irradiation on cell proliferation and Type-I
Collagen gene expression of human gingival fibroblasts. The
cells were irradiated for three consecutive days and the laser
parameters selected were 50 mW power and 4 J/cm2 energy
density. Despite there not being a significant difference in
proliferation within the first 24 hours, the next two days
revealed a significant increase in viable cells numbers. Overall,
for the spectrum of 600-700 nm, 10-30 mW is the optimal
power, while in the 700-800 nm spectrum, 25-50 mW power
is preferred. Unfortunately, no other optimal parameters for
each wavelength could be identified by the authors [38,39].
In a recently published study by Karoussis et al., gingival
fibroblasts were stimulated with a single of 2, 4, 6 or 12 J/cm2.
The effects of LLLT on EGF, TGF and VEGF were examined, and
the investigators found that 12 J/cm2 is the optimal energy
density, since it provoked a significantly higher expression of
Collagen I, VEGF and EGF [40].
Other groups have associated cell response to LLLT with age.
According to Pansani et al., who used 780 nm laser irradiation
on young and elderly gingival fibroblasts, at 25 mW power,
cell migration was greater in young fibroblasts. This was
also observed when they stimulated such cells with EGF.
However, only LLLT managed to promote this event on elderly
fibroblasts. Interestingly, synthesis of VEGF was significantly
reduced in the group of elderly cells after irradiation, but VEGF
expression was much higher for both cells type after LLLT [41].
Choi et al. studied the implication of LLLT with inflammatory
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cytokines and the molecular pathways implicated. They
found that 635 nm irradiation leads to the suppression of
inflammatory cytokine expression on gingival fibroblasts. The
expression of cyclooxygenase-2 (COX-2), PGE 2 production
and phosphorylation of ERK, p38, JNK, which are integral
parts of the MAPK pathway were evaluated. The authors have
found that LLLT inhibited the gene expression of IL-6 and IL-8,
whereas also decreased phosphorylation of p38 regardless of
the presence of LPS. In the presence of LPS, LLLT also seemed
to increase JNK phosphorylation. PGE 2 and COX-2 expressions
were increased upon LPS stimulation but were significantly
decreased after irradiation. This mediation of the pathway
implicated in inflammatory cytokine expression is particularly
important [42]. Lim et al. also report that 635 nm irradiation on
immortalized hGFs lead to significant increase of COX-2 and
PGE2 in previously LPS-treated cells [43].
Cardoso et al. have recently studied the effect of LLLT on
cytokines IL-6 and IL-8 in a 3d culture model. They used 780
nm-laser irradiation at 0.025 W power, in cells that were
formerly incubated with the cytokines. Photobiomodulation
of the cells resulted in decreased synthesis of TNF-a and
increased VEGF expression, which was reduced in the groups
that received cytokines [44]. Kocherova et al. proceeded to
compare two different wavelengths, 635 nm and 808 nm, as
far as gingival fibroblast oxidative stress and inflammation
markers were concerned. The parameters applied were 100
mW power and 4J/cm2 energy density. Irradiation with either
wavelength led to the decrease of the genes related with
apoptosis, which were p53, CASP9 and BAX. Furthermore, the
authors report that the best results were retrieved after the
third irradiation [45]. Pansani et al. cultured gingival fibroblasts
on titanium and zirconia surfaces and stimulated them with E.
coli derived LPS. They proceeded to irradiate the test groups
with 780nm-laser irradiation at 0.5, 1.5 and 3 J/cm2. The two
highest doses led to downregulation of IL-6 synthesis on both
titanium and zirconia surfaces, while concomitantly reducing
IL-8 synthesis on zirconia surfaces. For the highest energy
density, in both groups, VEGF expression was also increased
[46].
Apart from diode lasers, LLLT with Er:YAG laser also
appears to increase the expression of galectin-7 protein in
human gingival fibroblasts, which can lead to increased cell
proliferation [47]. When it comes to Nd:YAG laser, Gkogkos et
al. have investigated the effect of LLLT with this wavelength
on fibroblasts, using energy densities of 2.6, 5.3, 7.9 and 15.8
J/cm2. They found that all doses led to higher cell proliferation,
which was statistically significant in the group of the highest
energy density. EGF was also increased in all groups, but its
highest expression was at the lowest energy density [48].
Another study by the same group revealed the beneficial effect
of Nd:YAG laser irradiation on human periodontal ligament
cells. For the same energy densities, as in the previous study,
cell proliferation was increased, but mainly for the groups that
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Figure 2: Microscopy photograph of human gingival fibroblasts 48 hours after treatment, that have not received LLLT and served as the
control group. Courtesy of Gkogkos et al, 2015 [48].

Figure 3: Microscopy photograph of human gingival fibroblasts 48 hours after low- level laser irradiation. Courtesy of Gkogkos et al, 2015
[48].
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received 5.3 and 15.8 J/cm2 at 72 hours. The results regarding
EGF, VEGF and bFGF expression remained unclear [49]. Finally,
in another study, hFGs that were previously challenged with
LPS, were irradiated either with 810 nm laser or Nd: YAG laser.
LLLT with both wavelengths resulted in inhibition of expression
increase of IL-6 and IL-8, within the first 48 hours [50]. These
two wavelengths are very frequently used in clinical practice,
with the 810 nm laser presenting the additional advantage
of not being absorbed by water. Therefore, it does not cause
excessive temperature increase and patient discomfort. Wada
et al. also support that Nd:YAG laser irradiation at 0.5 W for
30 s, leads to the upregulation of CXCL8 and NFK-β1 and
downregulation of STAT1 and NFK-βΙΑ [51]. On the contrary,
according to the preliminary report of Sterczala et al., 635 nm
at 64 J/cm2 and 405 nm at 25 J/cm2 laser irradiation presented
the optimal results in cell metabolic activity, compared to 450
nm, 1064 nm and 980 nm or combinations [52].

Conclusions
Growing in vitro and in vivo, as well as clinical evidence arise
the past years regarding the benefits of Low-Level Laser
Treatment in the oral cavity. It is vastly implicated in the
treatment of periodontal and peri-implant diseases, playing a
very important role on inflammation mediation, or used as an
accelerator of the healing process or implant osseointegration.
It is a great tool for the modern clinician, since several protocols
based on its principles, lead to the reduction of treatment
period, morbidity, since the need for surgery after periodontal
therapy is lessened, as well as patient discomfort and pain
during the therapeutic processes. Certainly, its clinical benefits
and advantages to classical protocols need to be studied
furtherly, with more clinical trials containing larger samples.
Based on the in vitro results and since there are many available
wavelengths to be selected and many laser parameters that
have not yet been standardized due to the heterogeneity of
the available studies, more targeted protocols need to be
performed for solid results to be retrieved.
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