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Abstract: Photobiomodulation, or Low-Level Laser Therapy, is a therapeutic technique that can be
applied in tissue regenerative surgery. By stimulating the cellular compartment, photobiomodulation
promotes cell proliferation, enabling tissue restoration after dental extractions, periodontal surgical
treatments, or the management of traumatic oral injuries. On the other hand, Platelet-Rich Plasma
(PRP) or Platelet-Rich Fibrin (PRF) therapy is particularly effective in providing a source of growth
factors that enhance tissue healing. Authors carried out a Systematic Review following the PRISMA
(Preferred Reporting Items for Systematic Reviews and Meta-Analyses) guidelines by searching
PubMed, Web of Science (WoS), Scopus, and Cochrane Library databases, using the combination of
the following keywords: (“low laser therapy”) AND (“growth factors”) AND (dent* OR oral) and
(“photobiomodulation”) AND (“growth factors”) AND (dent* OR oral). A total of 10 publications
were deemed eligible for qualitative analysis. The evidence analyzed confirms that the use of
photobiomodulation and PRP/PRF (alone or in combination) can stimulate tissue regeneration,
allowing for a reduction in postoperative inflammation, wound healing, and new tissue formation.
Moreover, these effects are strictly dependent on the intrinsic characteristics of the individual patient,
the needs, and the clinical assessment of the practitioner who will appropriately direct the treatment.
Furthermore, it is necessary to investigate with evidence-based methodologies (Evidence-based
Medicine, EBM) which types of patients and/or lesions are more susceptible to treatment with these
tools, as well as to understand the best ways of using (alone or in combination) these important and
cutting-edge therapeutic options.

Keywords: CGF; growth factors; low laser therapy; oral cancer; oral surgery; orthodontics; periodontology;
photobiomodulation; PRF; tissue regeneration; VEGF

1. Introduction
1.1. Photobiomodulation

Photobiomodulation (PBM), also known as low-level laser therapy (LLLT), repre-
sents a promising therapeutic approach to managing a wide range of medical conditions.
This technique relies on the use of low-level laser radiation or LED lights with specific
wavelengths to stimulate cellular and tissue responses [1].
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Low Level Laser Therapy (LLLT) is low-power laser therapy, which is a different form
of using the same surgical laser, but with a lower, sub-ablative power setting at a low
average irradiance that produces minimal and non-destructive thermal effects on tissues.
Rather, it produces stimulation and/or inhibition of biological processes and allows tissues
to generate an intracellular biological response [1].

The scientific interest in PBM likely stems from the growing interest in laser technology
for medical applications, particularly in stimulating healing processes, analgesics, and other
treatments [2].

Results show high compliance with PBM, with no invasiveness, atraumatic, and no
collateral effects. This, along with the rapid operative recovery time, has contributed to
the technology’s diffusion in various fields and different patient categories, such as special
needs and pediatric patients [3].

1.2. PBM Mechanisms of Action

PBM transmits energy to intracellular mitochondrial chromophores, i.e., light-absorbing
molecules such as endogenous porphyrins and elements of the mitochondrial electron
transport chain such as cytochrome-C oxidase. Others replaced the theory of adsorption to
unit 4 of cytochrome c oxidase with that of viscosity changes in pore water [4]. At this level,
laser energy is converted into metabolic energy via the respiratory chain with the resulting
redox transfer of net photons leading to the production of adenosine triphosphate (ATP),
and the by-product release of nitric oxide (NO) and reactive oxygen species (monatomic O).
Intracellular ROS contributes to gene transcription and NO may act as a potent extracellular
vasodilator [5,6].

The mitochondrial respiratory complexes serve as the major photoacceptors for PBM
produced at wavelengths in the visible spectrum, whereas light-sensitive ion channels
located at the level of the cell membrane serve as the key photoacceptors for PBM produced
at wavelengths in the infrared spectrum [7-9].

Two methods are used by PBM to activate cells: a direct mechanism that involves
photobiological activity (activation of the respiratory chain) and intracellular redox chains
(increase in ATP); and an indirect mechanism that involves secondary messengers pro-
duced by directly stimulated cells [10]. Arany investigates the mechanism underlying the
selective activation of TGF-f31 (endogenous latent transforming growth factor) through
photobiomodulation; it is a redox-mediated pathway involved in the pathogenesis of
malignant tumours, as well as in embryonic development and the immune and tissue
healing response [11]. LPL can be utilized as a minimally invasive method to activate an
endogenous latent growth factor complex, transforming growth factor-1 (TGF-1), which
then differentiates host stem cells to facilitate tissue regeneration. LPL treatment caused a
dose-dependent increase in reactive oxygen species (ROS), which activated latent TGF-1
(LTGF-1) via a particular methionine residue [12].

Because the absorption and scattering of light in the tissue depends on the wavelength
and chromophores of the tissue, wavelengths shorter than 600 nm would be too absorbed
by proteins including flavin, cytochromes, cryptochromes, porphyrins, inclusion bodies,
and nuclear chromatin, and those longer than 1150 nm would be too absorbed by water
in the tissue, the “optical window” in the field of PBM is defined as the range of wave-
lengths useful and usable for this type of application. This window is between 600 and
1150 nm [13,14] (Figure 1).

However, research has broadened the concepts of bioactivation with respect to shorter
and longer wavelengths [15,16].

Cell cycle stage and irradiation duration have also been linked to the biological effects
of PBM [7,17]. Furthermore, the prevalence of experiments utilizing helium-neon or He-Ne
lasers in the literature supports the notion that wavelengths in the visible light spectrum
(380-780 nm) are mostly “stimulating” wavelengths (632.8 in most cases) and diode lasers
(wavelengths varying from about 630 to 940 nm) [17].
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Figure 1. The therapeutic window for the wavelengths used in PBM.

Due to its low energy density and suitability for preventing collateral effects, PBM
can be regarded as relatively safe. However, the need to comply with international safety
standards in order to use the device safely is emphasized. Class III lasers have been linked
to PBM by the US Food and Drug Administration, with possible side effects from direct
laser beam exposure to the eyes [18-21].

Here are some fields of use for laser-induced biostimulation [22]:

- Endodontics

- Maxillofacial

- Oral pathology

- Oral surgery

- Orthodontics

- Pediatric dentistry
- Periodontics

- Prosthodontics

1.3. Growth Factors and Autologous Platelet Concentrates

Growth factors are polypeptide ligands that are crucial for tissue repair, fibrosis,
angiogenesis, proliferation, differentiation, and survival [23,24].

Research has focused on the use of autologous growth factors as the best strategy to
stimulate tissue regeneration in order to overcome problems and make dental procedures
very predictable. There are methods for using blood’s capacity to repair in dentistry as
well [25].
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Autologous platelet concentrates (APCs) contain high levels of growth factors (GFs).
The main generations of APCs are platelet-rich plasma (PRP), platelet-rich fibrin (PRF), and
concentrated growth factor (CGF) techniques [26,27].

Platelet-derived growth factor (PDGF), transforming growth factor-1 (TGF-1) and
2 (TGF-2), growth factor fibroblasts (FGF), vascular endothelial growth factor (VEGE),
and insulin-like growth factor (IGF) are among the many growth factors found in blood
platelets. These factors promote cell proliferation, extracellular matrix remodeling, and
angiogenesis [28].

Many methods have recently been discovered that can separate the various growth
factors from the patient’s blood. In reality, it is well known that vital growth factors like
TGF-1 are present in not just platelets but also other blood cells including erythrocytes and
leukocytes [29].

The development of platelet-rich plasma (PRP), growth factor-rich plasma (PRGF),
and fibrin-rich plasma (PRF) marked the beginning of growth factor utilization in dentistry.
Their efficacy has not always been clearly demonstrated, though [30].

Recombinant human platelet-derived growth factor (rth PDGF-BB) and bone morpho-
genetic proteins (BMPs) have both been studied and used in dentistry more recently.

A cytokine found in the alpha granules of blood platelets and the bone matrix, platelet-
derived growth factor (or PDGEF, platelet-derived growth factor) is produced in cases of
damage to soft tissue and bone. The physiologically active protein is a dimer made up of
the related polypeptides A and B [14,31,32].

CGF is an autologous biological matrix involved in osteoblast differentiation and
in vivo bone repair [30,33].

CGF is produced by centrifuging venous blood at varying speeds. It is rich in growth
factors (Figure 2). This platelet-rich product is of the third generation [34].

Blood Centrifugation PPP CGF contains:
CGFs PDGF - VEGF - FGF
IGF - TGF-B1 - EGF
Erythrocytes

Figure 2. Preparation of CGE.

PRP is an autologous concentration of growth factors that are created by centrifuging
the patient’s whole blood [35,36].

A platelet concentration generated from whole blood without the use of coagulants
was shown to be able to further used to promote wound healing after extensive research
using PRP [30,37-39].

PRF has demonstrated boosting effects on stem cell proliferation, differentiation,
migration, and mineralization during bone formation [20,40-42].

Transforming growth factor (TGF-), VEGF, PDGF, Bone Morphogenetic Protein 2
(BMP2), and Insulin-like Growth Factor (IGF-1) are all released by CGF, and these factors
promote proliferation and extracellular matrix mineralization through the BMP2/SMAD5/
RUNX2 signaling pathway [43—46].

For angiogenesis and tissue remodeling, CGF also comprises CD34-positive cells,
fibroblasts, leukocytes, and endothelial cells, and it acts as a matrix for cell migration [47].

TGEF-, platelet-derived growth factors (PDGF-AB and PDGEF-BB), IGF, VEGFs, epider-
mal growth factors (EGFs), and fibroblast growth factor (FGF)-2 are among the substances
that make up PRP [8,48,49].

Mesenchymal cell proliferation is promoted by TGF- and PDGF. Additionally, collagen
synthesis in the extracellular matrix is stimulated by TGF-1 [50].
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To facilitate the earliest stages of tissue healing, these factors primarily stabilize the
injured tissue [36].

They also instruct the local mesenchymal and epithelial cells to migrate, divide, and
produce more collagen and matrix, which ultimately results in the creation of fibrous
connective tissue and scars. VEGF and FGF-2 play a crucial role in promoting the growth
of new blood vessels that provide nutrients and progenitor cells to the site of injury [46].

By over-expressing IGF-1, PRP is hypothesized to enhance tendon defect early repair.
IGF-binding proteins transport this 70 amino acid polypeptide hormone, which is a typical
part of plasma [36].

Given the potential of both PBM and growth factors, the following systematic review
aims to investigate the various uses and effects of PBM in combination with growth factors
and/or its direct effect on endogenous growth factors in dentistry.

2. Materials and Methods
2.1. Protocol and Registration

This systematic review was conducted according to Preferred Reporting Items for
Systematic Reviews and Meta-Analyses (PRISMA), and the protocol was registered at
PROSPERO under the ID: 441458.

2.2. Search Processing

The PRISMA protocol was adhered to in conducting the present review. A search was
performed on PubMed, Web of Science, and Scopus to identify articles relevant to the study
topic, limited to those published in English from January 2013 to 30 May 2023. The search
strategy utilized a combination of relevant terms for the study purpose, with the following
Boolean keywords applied: (“low laser therapy”) AND (“growth factors”) AND (dent* OR
oral) and (“photobiomodulation”) AND (“growth factors”) AND (dent* OR oral).

2.3. Inclusion Criteria

The relevant studies were assessed by the reviewers in pairs, based on the following
inclusion criteria: (1) randomized controlled clinical trial design; (2) studies involvement
of human participants of any age; (3) open-access publications; (4) studies written in the
English language; and (5) studies investigating the effect of LLT in combination with growth
factors or its effect on endogenous ones. Studies that failed to meet these criteria were
excluded from consideration.

The review was conducted using the PICOS criteria:

Participants: adult patients, both male and female;

Interventions: application of LLLT in combination with growth factors or its effect on
endogenous ones;

Comparisons: no LLLT applications;

Outcomes: comparison between the application of the LLLT and its non-use;

Study: randomized clinical trials, retrospective and observational studies.

2.4. Exclusion Criteria

The exclusion criteria were as follows: (1) animal studies; (2) in vitro studies; (3) off-
topic; (4) reviews, case reports, case series, letters, or comments; (5) not written in English.

2.5. Data Processing

Four reviewers (M.G., LE, A.N., and FV.) independently consulted the databases to
collect the studies and rated their quality, based on the selection criteria. The selected
articles were downloaded into Zotero (version 6.0.15). Any divergence between the four
authors was settled by a discussion with a senior reviewer (EL).
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2.6. Quality Assessment

The quality of the included papers was assessed by two reviewers, RF and EI, using the
reputable Cochrane risk-of-bias assessment for randomized trials (RoB 2). The following
six areas of possible bias are evaluated by this tool: random sequence generation, allocation
concealment, participant and staff blinding, outcome assessment blinding, inadequate
outcome data, and selective reporting. A third reviewer (FI) was consulted in the event of a
disagreement until an agreement was reached

3. Results

A search across four databases, namely Pubmed (184), Web of Science (247), and Scopus
(209), yielded a total of 640 publications. After the removal of duplicates (206), 434 records
were screened based on the title and abstract, leading to the exclusion of 372 articles. From
the remaining 62 records, 52 papers were excluded after full-text evaluation, either for
being off-topic or failing to meet the inclusion criteria. Ultimately, a total of 10 publications
were deemed eligible for qualitative analysis (Table 1). The selection process is outlined in
Figure 3.

[ Identification of studies via databases and registers J
Y
c R ds identified from:
;9, ECSLBSI\;;S ! |e_ 1':;“ Records removed before the
8 ir=184) screening:
= SCOPUS (n = 209) Duplicate records removed
S WEB OF SCIENCE (n = 247) »| (n=206)
= Total (n = 640)
- J
) l
Records screened Records excluded
(n =434) [——»| (n=2372)
o
‘E= Reports sought for retrieval Reports not retrieved
g (n=62) »| (n=236)
O
(7]
Reports assessed for eligibility Reports excluded:
(n=26) —»| off topic
(n=186)
—
2
g Studies included in review
S (n=10)
=

Figure 3. The literature search Preferred Reporting Items for Systematic Reviews and Meta-Analyses
(PRISMA) flow diagram and database search indicators.
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Table 1. Descriptive summary of item selection.

Authors Study Type Num.ber of Average Age Material and Methods Results
Patients
The severity of OM, as assessed
by both the National Cancer
Institute (NCI) and Word
Health Organization (WHO)
To evaluate the effect of LLLT  grading scales, was significantly
on the severity of oral lower in the laser group
mucositis (OM) and the compared to the control group
release of salivary molecules at the 7th, 21st, and 35th
during chemoradiation sessions of radiotherapy.
treatment for head and neck Salivary concentrations of
Double- cancer. The study aimed to interleukin-6 (IL-6), FGF, EGF,
Oton-Leite blinded, investigate the potential and VEGF were lower in the
AF et al. placebo- 30 18 years benefits of LLLT in reducing laser group compared to the
(2015) [51] controlled the severity of OM, a common  control group, although not all
RCT side effect of chemotherapy differences reached statistical
and radiotherapy, and to significance. Matrix
understand its impact on the =~ metalloproteinase (MMP) levels
release of inflammatory showed a slight decrease in the
mediators and growth factors laser group compared to the
involved in the pathogenesis  control group, but the difference
of OM. was not statistically significant.
The study also mentions a
reduction in IL-6 concentrations
at the end of radiotherapy after
21 sessions of laser therapy.
Patients were randomly The .s.tudy demor}stra.ted a
assigned to either the laser significant reduction in the
severity of oral mucositis in the
group or the control group. 1
- aser group compared to the
Salivary and blood samples
. control group. The laser group
were collected at multiple . .
. . had a higher proportion of
. time points. Laser therapy . .
Randomized, .. . patients without ulcers and a
. was administered using a . .
Silvaetal.  controlled, and : : e lower proportion of patients
. . 25 N.D. diode laser with specific . L
(2015) [52] single-blinded . with severe mucositis. The
> . parameters. The severity of . .
clinical trial .. levels of certain cytokines,
oral mucositis was assessed
. L. growth factors, and enzymes
using the WHO mucositis .
. showed differences between the
scale. Saliva and plasma
laser and control groups,
samples were analyzed for o .
. indicating potential modulatory
cytokine, growth factor, and
. effects of low-level
enzyme concentrations. 1
aser therapy.
The patients were randomly
allocated into four groups,
each consisting of 10 patients: Cone-beam computed
Group A: Control
tomography (CBCT) assessed
Group-Implant procedure . . .
. implant relative bone density
without growth factors or (RBD) at 1, 6, and 12 weeks
Ali Ara- 40 Males LLLT. Group B: LLLT T ’
Results showed the best
keeb et al. RCCT 40 (average age: Group-Implant procedure outcomes at 12 weeks. Group A
(2019) [53] 35.2 years) with LLLT (Diode laser 808 ) P

nm). Group C: L-PRF
Group-Implant procedure
with the addition of L-PRF.

Group D: Combined
Group-Implant procedure
with both L-PRF and LLLT.

had decreased RBD at 6 weeks,
while other treatment groups
demonstrated increases. L-PRF
exhibited the highest effect.
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Table 1. Cont.

Authors

Number of

Study Type Patients

Average
Age

Material and Methods

Results

Kamal et al.

(2020) [54]

RCCT 60

38 Males
(average
age:
34.5 years)
22 Fe-
males
(average
age:
27.1years)

60 patients with individual dry
sockets at University Dental
Hospital Sharjah were assigned
to three treatment groups based
on their preferences. Group I
(n = 30) received conventional
treatment involving gentle
socket curettage and saline
irrigation. Group II (n = 15)
received CGF treatment, while
Group III (n = 15) underwent
LLLT. Patients were assessed for
pain score, perisocket
inflammation, perisocket
tenderness, and granulation
tissue formation at day 0 and
followed up at 4, 7, 14, and
21 days.

CGF and LLLT speed up gum
tissue formation and pain
reduction. CGF outperforms
LLLT by promoting faster gum
tissue growth and eliminating
pain within a week.

Uretiirk
etal. (2017)
[55]

RCT 15

8 Males-7
Females

Split-mouth study: distalization
of the canine after extraction of
the maxillary first premolar;
LLLT irradiation
(gallium-aluminum-arsenide
diode laser with a power of
20 mW on days 0, 3, 7, 14, 21, 30,
33,37, 60, 63 and 67); crevicular
fluid collection and cytokine
measurement IL-1f and
TGF-f1; 3D scan to measure the
extent of displacement

Increased TGF-f31 concentration
and accelerated movement by
40% in the study group

Yassaei
et al. (2023)
[56]

RCT 18

N.D.

Split-mouth study: distalization
of the canine after extraction of
the maxillary first premolar and
use of miniscrew (MS) (diode
laser in continuous wave mode,
the wavelength is 980 nm, and
the output power is 100 mW at
four-time points); crevicular
fluid collection and cytokine
measurement IL-1f and
TGF-A1

TGEF-f31 lower in the laser group
but the difference was not
statistically significant

Chen et al.,
2022 [57]

87 sites
RCT
ticipants

from 12 par-

Female
partici-
pants

Liquid Phase Concentrated
Growth Factors (LPCGF) was
injected at time 0 and 2, 4, §, 16,
and 24 weeks after the initial
injection into the connective
tissue layer measuring. Then,
Nd:YAG or Semiconductor laser
was irradiated to the surface of
the gingival papilla at the labial
and lingual surface. CBCT was
used to measure the BTH (black
triangle height) and BTA (black
triangle area)

Low-level laser treatment has
been widely employed, but
concentrated growth factor

(CGF) was formerly thought to
be the sole material capable of
soft tissue regeneration.
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Table 1. Cont.

Authors

Number of
Patients

Average

Study Type Age

Material and Methods

Results

Pamuk
etal., 2017
[58]

60 N.D.

On the day that SRP was
applied, as well as on days 2
and 7, LLLT was also used.
Clinical indicators were noted
before and after day 30. On
days 7, 14, and 30, samples of
gingival crevicular fluid were
taken before and during
follow-up visits. ELISpot test
was used to assess the levels of
TGF-1, tissue plasminogen
activator (tPA), and
Plasminogen Activator Inhibitor
(PAT)-1.

Particularly in smokers with
chronic periodontitis, LLLT may
be thought to have a role in the
regulation of periodontal tissue

tPA and PAI-1 gingival
crevicular fluid levels.

Gilindogar
etal., 2016
[59]

25 adults
with
chronic pe-
riodontitis

9 Males,
16 Fe-
males

RCT

Gingival index (GI), plaque
index (PI), and clinical
attachment level (CAL) are
measured to determine the
periodontal status. Gingival
crevicular fluid samples are
taken at baseline, 1 week, and
1 month after treatment. Strips
of paper (Periopaper®) are
installed inside the crack until
slight resistance has occurred.
Levels of cytokines,
chemokines, and growth factors
are determined using a
MAGPIX system.

They showed no statistical
significance between-group
changes in these biochemical
parameters at any time point

Gokmenoglu
etal.,, 2014
[60]

RCT 15 patients

Unspecified

In the trial, 15 patients
(8 control, 7 LED) took part.
Three times each week
beginning on the day of the
procedure, an LED device was
placed for 20 min over the
surgical region for three weeks.
In postoperative weeks 4 and

12, peri-implant crevicular fluid

(PICF) samples were taken, and

the levels of IL-1b, TGF-b, PGE2,

and NO were measured.

Changes in biochemical
parameters were found to be
similar between groups
over time.

Quality Assessment and Risk of Bias

The risk of bias in the included studies is reported in Figure 4. Regarding the ran-
domization process, 50% of studies present a high risk of bias and allocation concealment.
All other studies ensure a low risk of bias. Seventy-five percent of studies exclude a per-
formance; half of the studies confirm an increased risk of detection bias (self-reported
outcome), and 75% of the included studies present a low detection bias (objective mea-
sures) (Figure 4). Seventy-five percent of studies ensure a low risk regarding attrition and

reporting bias.
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Random sequence generation (selection bias) [

Allocation concealment (selection bias) [N

Blinding of participants and personnel (performance bias): [

Blinding of outcome assessment (detection bias): Self-reported outcomes [
Blinding of outcome assessment (detection bias): Objective measures [N
Incomplete outcome data (attrition bias): All outcomes [N

Selective reporting (reporting bias) (NG ——

Other bias | ]
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w
2 3
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Y
g8 3
8 W -f?’ »
8 & o g
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s E8ES
© s &8 8 °
a % 5 5i<
§s233 ¢
8Sgggs
8 csg==5 8
~ 9 B E B & B
§88828z0o
o2 2 2S5
8 - s 2 8 2 g
g €& ss
8 & 2 g8 g 2
5§ 3288 ¢8c¢%
5823358
» ¢ 5 %5 5 g 5 &
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§Iocomed O
Al Arakeeb et al. (2019) 00090
Chen et al., 2022 00000
Gokmenoglu et al., 2014 090000
Gindogar et al,, 2016 000000 e
Kamal et al. (2020) 09909 ®S®
Lauria Silva et al. (2015) .......
Oton-Leite AF et al.(2015) 0000 e
Pamuk et al., 2017 0000 ®S
Sevin Erol Uretiirk 00000
Yassaei [ JC30I003030)

Figure 4. Risk of bias; red indicates high risk and green indicates low risk of bias [51-60].

4. Discussion
4.1. LLLT, GE, and Oral Cancer

LLLT is a promising therapeutic approach for treating various conditions in the oral
cavity, including inflammatory lesions and healing disorders. An intriguing aspect of LLLT
is its ability to interact with growth factors, which play a crucial role in tissue healing and
regeneration in the oral cavity.

Growth factors are bioactive proteins involved in the regulation of cell proliferation,
differentiation, and survival. In the oral cavity, growth factors play a crucial role in wound
healing, tissue regeneration, and modulation of the inflammatory response. Some of the
key growth factors found in the oral cavity include EGF, TGF-{3, VEGEF, and basic fibroblast
growth factor (bFGF).
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Oton-Leite et al. provided some insights into the interaction between laser therapy
and growth factors in the oral cavity [51]. The study discussed the potential effects of LLLT
on the expression of various growth factors, including EGF, VEGF, bFGF, and PDGF. The
findings indicated that LLLT has the potential to modulate the expression of these growth
factors, which play crucial roles in tissue repair and regeneration. The results suggested
that LLLT may contribute to a less exacerbated inflammatory response and a reduction in
tissue degradation. The study also highlighted the importance of further investigations to
understand the exact mechanisms of action and the optimal parameters for laser irradiation
in promoting the therapeutic effects of growth factors in the oral mucosa [51].

Lauria et al. discussed the use of LLLT in the prevention and treatment of oral
mucositis in patients undergoing hematopoietic stem cell transplantation (HSCT) [52].
The study conducted clinical trials and randomized trials to evaluate the efficacy of LLLT
in reducing the severity of oral mucositis in HSCT patients. The document presents
data on the levels of inflammatory mediators, such as cytokines (IL-6, IL-10), and matrix
metalloproteinases (MMP-2, MMP-9), in saliva and blood plasma before and after LLLT
treatment. The results showed that LLLT had a positive effect in preventing grades 3—4 oral
mucositis in HSCT patients as shown by Cronshaw et al. in a recent systematic review [15].
However, the positive effect did not seem to be completely linked to the modulation of
inflammatory mediators.

Lauria’s paper highlights the efficacy of laser light in enhancing the effectiveness of
growth factors in promoting tissue regeneration and wound healing. The combination of
laser therapy and growth factors appears to have a synergistic effect, leading to improved
outcomes in various medical and cosmetic applications. Laser therapy, through its pho-
tobiomodulation properties, can stimulate cellular activity and enhance the absorption
and utilization of growth factors. This interaction between laser therapy and growth fac-
tors holds great potential for advancing therapeutic approaches and improving patient
outcomes in the field of regenerative medicine [52].

4.2. LLLT, GF, and Surgery

Ali Arakeeb et al. (2019) aimed to evaluate bone osseointegration around dental
implants using innovative techniques. The study involved 40 male patients with missing
lower posterior teeth who received dental implants. The patients were divided into four
groups: control, LLLT, leukocyte and platelet-rich fibrin (L-PRF), and L-PRF plus LLLT.
Cone-beam computed tomography (CBCT) was used to evaluate bone density around
the implants at different time points. The results showed significant differences between
the groups, with the L-PRF group demonstrating the best results, followed by the L-PRF
plus LLLT group. LLLT alone had less improvement compared to the other groups. The
study concluded that L-PRF performed better in promoting osseointegration compared to
LLLT [56].

The effects of photobiomodulation on implant stability were looked at in the study
by Gokmenoglu et al. In more detail, 15 partially edentulous patients were involved and
randomly assigned to one group (8 patients, 10 implants) that obtained post-implant LED
irradiation and the other (7 patients, 12 implants) that did not. For 20 min, laser stimulation
(Osseopulse) at a wavelength of 626 nm and an intensity of 38.5 mW /cm2 was applied
to the LED group. In the three weeks following surgery, LED treatment was conducted
three times each week. For what concerns the biochemical markers, it was found the
increase in IL-1b levels in the control group and, conversely, the decrease in IL-1b and
PGE2 in the group that received LEDs served as evidence of the photobiomodulation’s
anti-inflammatory effects. TGF-b levels increased in both groups. The NO levels in the LED
group, however, slightly increased but not significantly. Therefore, all of the alterations in
the biochemical markers appeared to represent the action of LED therapy alone because
there were no inflammatory conditions near the implant. The findings demonstrated that
LED therapy could have a good impact on bone and peri-implant tissue healing while also
helping to maintain implant stability over the first three months following surgery [57].
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Kamal et al. (2020) have studied the management of dry sockets, a complication fol-
lowing tooth extraction. The study compared the efficacy of CGF and LLLT to conventional
treatment. Sixty patients with dry sockets were divided into three groups: conventional
treatment, CGF, and LLLT. The outcomes were evaluated based on pain score, inflamma-
tion, tenderness, and granulation tissue formation. The results showed that CGF treatment
demonstrated superior outcomes compared to LLLT in terms of granulation tissue forma-
tion and pain control by day 7. The conventional treatment group took longer to achieve
similar healing. The study emphasized the need for regenerative approaches in manag-
ing dry sockets and mentioned other techniques such as platelet-rich plasma (PRP) and
low-intensity pulsed ultrasound therapy in dentistry [58].

4.3. LLLT, GF, and Orthodontics

LLLT has been of interest in the field of orthodontics due to its potential effect on or-
thodontic movement by stimulating the cellular metabolism of bone cells and surrounding
tissues. Low-level laser irradiation can increase the activity of osteoblastic cells, which
are involved in bone formation, promoting the production of extracellular matrix and
osteogenesis.

The study by Sevin Erol Uretiirk et Al. aims to evaluate the effect of LLLT irradiation
on the speed and efficiency of orthodontic movement by 3D measurement of intraoral
scans and assessment of IL-1(3 (interleukin-1f3) and TGF-p1 (transforming growth factor-
beta) levels in the gingival crevicular fluid. Fifteen patients with Angle class II division I
malocclusion requiring maxillary first premolar extraction and canine distalization were
analyzed. The split-mouth study compared the right quadrant, treated with traditional
technique, with the left quadrant, on which 5 irradiations of gallium-aluminium-arsenide
diode laser were applied at regular intervals. The laser unit generated a constant wave
with an average power of 20 mW in continuous mode, having an irradiation area of 4 mm?.
An output of 20 mW with an energy density of 5 J/cm? was used, and each point was
irradiated for 10 s, corresponding to an energy of 0.2 ] per point.

The study group showed a 40% higher displacement velocity and increased TGF-
1 in the crevicular fluid. In the field of orthodontics, TGF-31 has been the subject of
interest due to its ability to influence the speed and direction of tooth movement. It
has been observed that TGF-f1 is involved in regulating the mechanical forces acting
on teeth during their orthodontic movement. It may influence the response of bone
cells to orthodontic forces by modulating cell proliferation and differentiation as well
as extracellular matrix synthesis in the process of bone remodeling. The application of
orthodontic forces can cause an inflammatory response in the gums and surrounding
bone tissue, and TGF-31 may be involved in the regulation of this inflammatory response
by influencing tumor necrosis factor (TNF) receptor and pro-inflammatory cytokines.
Understanding these mechanisms may contribute to the development of more effective
and personalized orthodontic therapies. In conclusion, the use of lasers, through the
involvement of these mechanisms and growth factors, accelerated tooth movement and
could reduce the overall duration of treatment [59].

Cytokines, TGF, and tumor necrosis factors are also responsible for regulating the
inflammatory process in the oral cavity, and the use of LLLT to reduce inflammation has
shown promising results. This is due to the possible effects of the diode laser acting as a
biostimulator in the tissue repair process. Irradiation with LLLT can stimulate blood circu-
lation in the affected area, reduce inflammatory mediators, and improve cell proliferation
and collagen production. In this regard, the study by Yassaei et al. investigated the effects
of 980 nm diode laser irradiation on the stability of an MS and the concentration of IL-1f3
and TGF-1 in the peri-miniscrew crevicular fluid (PMCF) at four-time points after MS
placement. In this double-blind randomized controlled clinical trial, the effect of diode
laser irradiation on MS stability and the concentration of IL-13 and TGF-1 in the PMCF
was examined. 18 patients with Class II Division I malocclusion requiring maxillary first
premolar extraction and anterior retraction by MS were recruited. A diode laser with a



Photonics 2023, 10, 1095

13 0of 19

wavelength of 980 nm was used in the laser quadrant, while the control quadrant under-
went pseudo-laser application. The 980 nm diode laser was chosen for its effectiveness
against bacteria and its compatibility with implants. Inflammation around MS is a negative
factor affecting implant stability. In this study, cytokines IL-13 and TGF-1 in PMCF were
assessed and biochemical evaluations were performed. The results showed a significant
reduction in IL-1f3 levels in the laser group compared to the control group. As for TGF-{31,
the levels were lower in the laser group, but the difference was not statistically significant.
Furthermore, laser irradiation was shown to increase the stability of MS over time. These
results support the efficacy of diode laser therapy in reducing inflammation and increasing
MS stability. However, further research with a larger number of participants and more
in-depth evaluations are needed to fully understand the effects of LLLT in the context of
MS [60].

4.4. LLLT, GF and Periodontology

A centrifugal machine operating at a certain speed can extract growth factors from
blood [25]. Hematopoietic stem cells that are CD34+ can differentiate into endothelial
stem cells [61]. The platelets, white blood cells, and growth factors that make up the fibrin
network primarily are capable of independently causing vascular regeneration and acting
as a matrix for cell migration [62,63]. Growth factors promote angiogenesis and cell division.
Low Lever Laser Therapy (LLLT) is a type of light therapy that uses non-thermal processes
with endogenous chromophores to trigger photophysical and photochemical events at
various biological scales [64]. Non-thermal processes with endogenous chromophores
include lasers, light-emitting semiconductors (LEDs), and broadband light in the visible
and infrared spectrum. Immunomodulation, pain or inflammation relief, wound healing
promotion, and tissue regeneration are just a few of the positive therapeutic consequences
of this treatment [65,66].

Chen et al. used LLLT in their investigation to encourage stem cells to proliferate,
differentiate, and growth factor activity [67].

Nd: YAG by PBMT effect is irradiated on the local periodontal area with a semicon-
ductor laser (810 nm) to stimulate local microcirculation, activate the growth factors in CGF,
and promote CD34 + stem cells to grow and differentiate [68].

Additionally, local gingival papilla tissue exposed to radiation aids in boosting gingival
fibroblast growth and type I collagen molecule production [69,70].

There was no discernible increase in gingival papilla height following the therapies.
Additionally, the gingival papilla’s volume only slightly increased. LPCGF was gradually
absorbed by tissues 14 to 21 days after each injection [71].

The findings demonstrated that the regeneration of the damaged gingival papilla in
natural teeth is significantly impacted by the injection of LPCGF. This may suggest that the
three sources of soft tissue regeneration in LPCGF caused gingival fibroblast proliferation
and angiogenesis, which led to the gradual repair of the inadequate gingival papilla after
therapy [67].

In a split-mouth trial, Pamuk et al. used 30 people with chronic periodontitis (15 smok-
ers and 15 nonsmokers) and 30 healthy people who were gender, age, and smoking paired
as controls [72].

On day 30 and before beginning non-surgical periodontal therapy, clinical indicators
were noted. Samples of crevicular fluid from the gingival region were taken both before
and after periodontal therapy on days 7, 14, and 30. The enzyme-linked immunosorbent
assay was used to determine the concentrations of tPA, transforming growth factor (TGF)-1,
and plasminogen activator inhibitor 1 (PAI-1).

Between the baseline and day 30 following SRP therapy in both groups, all clinical
markers significantly decreased. Between the LLLT and sham groups of smokers or never-
smokers, no appreciable changes were found. In both the laser and SRP treatment groups
of smokers, gingival crevicular fluid PAI-1 levels reduced as expected. In all treatment
groups, the amount of TGF-1 in the gingival crevicular fluid was reduced.
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The results of this study demonstrate that the adjunctive use of LLLT promotes clinical
improvements. Furthermore, LLLT could promote modulation of cytokine levels [72].

In opposition, Giindogar et al. in their study showed no statistically significant change
between groups in these biochemical parameters at any time point. They believe that these
inconsistencies are related to the nature of lasers (such as penetration depth), study design,
and laser duration. However, the biochemical parameters showed no statistical differences,
and this could be related to minor clinical improvement [73].

In this study, no statistically significant difference was found in the intergroup assess-
ments of CGF levels of IL-1f3 found at any time point [73].

4.5. Energy Dose and Photobiomodulation

Studies by Cronshaw et al. and Arany et al. demonstrate that the dose of laser energy
plays a pivotal role in the efficacy of Photobiomodulation Therapy (PBM) [74,75]. The first
article underscores the significance of laser spot size, demonstrating that larger optical spot
sizes are associated with optimal clinical outcomes for deeper targets, while smaller spot
sizes prove ineffective [74]. To ensure an effective dose reaches a depth of 1 cm, an increase
in surface-applied dose is recommended. The second article delves into the complexity of
PBM device parameters, emphasizing the nonlinear nature of PBM biological responses.
It highlights the importance of understanding factors beyond just wavelength, such as
coherence, collimation, polarization, and pulsing, in determining PBM therapy outcomes.
Pulsing, in particular, is noted for its efficacy in various PBM treatments [75] In essence,
these articles underscore the critical role of laser dose and the need to consider multifaceted
device parameters to optimize clinical outcomes in PBM therapy [74,75].

5. Limitations

This review explores the potential effects of LLLT on the interaction between growth
factors and various oral conditions, but it has several limitations:

1.  Limited sample size: Some of the studies mentioned in the text had a small sample
size, which can limit the generalizability of the findings. Small sample sizes may not
accurately represent the larger population and can increase the risk of bias.

2. Lack of control groups: In some studies, there was a lack of control groups or inade-
quate comparison groups. Without proper control groups, it becomes challenging to
determine the specific effects of LLLT and growth factors independently.

3. Varied study designs: The studies mentioned in the text had different designs, in-
cluding clinical trials, randomized trials, and observational studies. While each study
design has its merits, the lack of consistency in study designs makes it difficult to
draw definitive conclusions and compare the results across studies.

4. Limited understanding of mechanisms: Although the studies suggest potential in-
teractions between LLLT, growth factors, and oral conditions, the exact underlying
mechanisms of action are not well understood. Further research is needed to eluci-
date the precise mechanisms involved and to determine the optimal parameters for
LLLT application.

5. Need for more rigorous research: While the studies discussed provide preliminary
evidence, additional well-designed and rigorous research is necessary to establish
the efficacy, safety, and long-term effects of LLLT in conjunction with growth factors.
Further investigations should include larger sample sizes, standardized protocols,
and control groups to strengthen the scientific validity of the findings.

In summary, while the mentioned studies provide valuable insights into the poten-
tial effects of LLLT on the interaction between growth factors and oral conditions, it is
important to consider their limitations. Further research with larger sample sizes, rigorous
study designs, and long-term follow-up is needed to validate and expand upon these
preliminary findings.
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6. Conclusions

In conclusion, the studies reviewed in this article highlight the potential interaction
between LLLT, GF, and various oral health conditions. LLLT has shown promising results
in modulating the expression of growth factors involved in tissue healing and regeneration,
such as EGFE, (TGF-), VEGF, and bFGF. The combination of LLLT and growth factors
has demonstrated synergistic effects in promoting tissue repair and wound healing in
conditions such as oral mucositis, oral submucous fibrosis, and orthodontic movement.

Furthermore, LLLT has shown potential in reducing inflammation, controlling pain,
and improving oral health-related quality of life in various surgical procedures, including
sinus lift surgery and dental implant therapy. The use of LLLT in conjunction with growth
factors like CGF has shown promising outcomes in managing complications such as dry
sockets and promoting bone osseointegration around dental implants.

In the field of orthodontics, LLLT has been found to accelerate orthodontic tooth
movement by stimulating osteoblastic cell activity and increasing the levels of growth
factors like TGF-p1. The application of LLLT in orthodontic treatment may lead to shorter
treatment durations and improved outcomes. However, further research is needed to
optimize LLLT parameters and protocols for specific orthodontic applications.

Additionally, LLLT has shown potential in periodontal treatment by promoting angio-
genesis, tissue regeneration, and growth factor activity. It has been observed to positively
influence CD34+ stem cells, gingival fibroblast growth, and collagen production. The
combination of LLLT with growth factors derived from blood components, such as PRF, has
shown promising results in promoting tissue repair and regeneration in periodontal tissues.

Opverall, the findings presented in these studies suggest that LLLT, in combination with
growth factors, holds great potential for advancing therapeutic approaches in oral health
and improving patient outcomes in various clinical scenarios. However, all this must not
disregard the fact that the effect of each therapy is a direct function of the type of patient
treated and/or the type of lesion, so it is necessary to investigate with evidence-based
methodologies (Evidence-based Medicine, EBM) which types of patients and/or lesions
are more susceptible to treatment with these tools, as well as to understand the best ways
of using (alone or in combination) these important and cutting-edge therapeutic options.
However, further research is needed to fully understand the underlying mechanisms of the
interaction between LLLT and growth factors and to establish optimal treatment protocols
for different oral health conditions.
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Abbreviations

APCs Autologous platelet concentrates
ATP Adenosine triphosphate

bFGF basic fibroblast growth factor
BMP2 Bone Morphogenetic Protein 2
BTA black triangle area

BTH black triangle height

CBCT Cone-beam computed tomography
CGF Concentrated growth factor

EGF Epidermal growth factor

FGF Fibroblast Growth Factor

GFs Growth factors

HSCT hematopoietic stem cell transplantation
IGF-1 Insulin-like Growth Factor

IL-1B interleukin-1

IL-6 interleukin-6

L-PRF Leukocyte and platelet-rich fibrin
LEDs light emitting semiconductors
LLLT Low-level laser therapy

LPCGF Liquid Phase Concentrated Growth Factors
MMP Matrix Metalloproteinase

MS miniscrew

NCI National Cancer Institute

Nd:YAG  Neodymium-doped yttrium aluminum garnet
OHRQoL  Oral health-related quality of life
oM Oral Mucositis

OSMF Oral submucous fibrosis

PAI-1 plasminogen activator inhibitor 1
PBM photobiomodulation

PBMT Photobiomodulation therapy
PDGF Platelet-Derived Growth Factor
PICF peri-implant crevicular fluid
PMCF peri-miniscrew crevicular fluid
PRF Platelet-Rich Fibrin

PRP Platelet-rich plasma

RBD Relative bone density

SRP scaling and root planning

TGF transforming growth factor

tPA tissue plasminogen activator
VEGF Vascular Endothelial Growth Factor
WHO Word Health Organization
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