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Abstract

Objective. To analyze the effects of light therapy (LT) on cartilage repair for knee osteoarthritis (OA) treatment. Design.
The PubMed, Embase, Scopus, and Web of Science databases were searched up to August 31, 2020 to identify in vitro and
in vivo studies that analyzed the effects of LT on knee cartilage for OA treatment. The study and sample characteristics,
LT intervention parameters and posttreatment outcomes were analyzed. Risk of bias was assessed using the Risk of Bias
Assessment for Non-randomized Studies (RoBANS) tool. Results. Three in vitro and 30 in vivo studies were included. Most
studies were judged as high risk of performance and detection bias. Biochemical outcomes were analyzed for both in vitro
and in vivo studies, and histological and behavioral outcomes were analyzed for in vivo studies. LT reduced extracellular
matrix (ECM) degradation, inflammation, and OA progression, promoting ECM synthesis. LT improved pain-like behavior
in animal models, having no apparent effect on gait performance. There were conflicting findings of some of the biochemical,
histological, and behavioral outcomes. Conclusion. The included studies presented different strategies and LT parameters.
LT resulted in positive effects on cartilage repair and may be an adequate therapy for OA treatment.
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Introduction

Articular cartilage is composed of highly specialized cells,
chondrocytes, that are sparsely distributed and have low
replicative ability. The low replicative potential and the
absence of vascular and neural support limit the repair pro-
cess of the damaged cartilage.!* Osteoarthritis (OA) is a
degenerative joint disease with multifactorial etiology,
being age, joint injury, trauma, and obesity the main predis-
posing risk factors.® The increased expression of inflamma-
tion mediators alters the cartilage homeostasis by favoring
the catabolic activity of chondrocytes, resulting in cartilage
matrix disruption and loss.>* Contrary to others inflamma-
tory arthritis diseases (e.g., theumatoid arthritis), OA does
not involve chronic systemic inflammation, but has rather
a joint-specific mechanism, leading to articular cartilage
degeneration, subchondral bone remodeling, synovial
thickening, and joint space narrowing.*

A variety of nonsurgical and surgical treatments are
available for the management of OA. Light therapy (LT) is
an option of nonsurgical treatment, which aims to promote
cartilage tissue regeneration. The cellular mechanisms
by which LT stimulates cells include light absorption by
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cytocrome ¢ oxidase at mitochondria.>® The activation of
cytochrome ¢ oxidase increases the calcium ions (CA2+),
oxygen reactive species, and adenosine triphosphate (ATP)
production.® These molecules are involved in several intra-
cellular signaling pathways that lead to gene transcriptions
related to cell proliferation, protein synthesis, and inflam-
mation decrease.>® Despite the growing body of scientific
evidence showing beneficial physiological effects,”!* LT
has not been yet incorporated in clinical practice guidelines
of OA treatment.'"13

A systematic review'* from 2013 analyzed the effect of
LT parameters on animal models, but it failed to compre-
hensively address the effects on cartilage regeneration.
Since then, many in vivo studies have been published and
most were included in another recent systematic review.!
However, their analysis was limited to the grading of carti-
lage quality, and other important outcomes such as extracel-
lular matrix (ECM) synthesis/degradation, inflammation
markers, and behavioral and histological outcomes, were
not evaluated. Their evaluation is important for a more
comprehensive and in-depth understanding of the efficacy
of LT in cartilage repair. This systematic review aims to
summarize the cartilage regeneration outcomes of in vitro
and in vivo studies after applying LT interventions (isolated
and compared with control or other interventions).

Methods

This systematic review was performed in accordance with
the Preferred Reporting Items for Systematic Reviews and
Meta-Analyzes (PRISMA) guidelines.'®

Search Strategy and Study Selection

The electronic databases PubMed, Embase, Scopus, and
Web of Science were searched to identify original in vitro
and animal (in vivo) studies that assessed the effects of LT
on knee cartilage for OA treatment. Searches were per-
formed from database inception up to August 31, 2020. The
search strategy is presented in Supplementary Table S1. The
reference list of the most relevant studies was also screened
to identify any other potentially eligible studies.

All records were exported to an Excel file (Microsoft
Office) and the duplicates were removed by the software
filter and then manually verified. Two authors (SO and RA)
independently screened all titles and abstracts of initially
identified on the search. The full texts of the potentially eli-
gible studies were extracted and evaluated by the same
authors to further assess their eligibility. Two other review-
ers (AL and OC) were consulted in case of disagreement.
The inclusion criteria were (1) in vitro or animal (in vivo)
studies, (2) studies that focused on the effects of LT on knee
articular cartilage, and (3) studies that included in vitro or in

vivo OA models. The exclusion criteria were (1) reviews or
meta-analysis, conference proceedings, or case studies; (2)
studies not written in English language; (3) studies that did
not assess the effects of LT on chondrocytes activity; (4) in
vivo studies that analyzed laser irradiation under arthros-
copy; or (5) studies that used an inflammatory arthritis
model (e.g., theumatoid arthritis).

Risk of Bias Assessment

The risk of bias of the included studies was assessed using
the Risk of Bias Assessment tool for Non-Randomized
Studies (RoOBANS). The RoBANS is a validated tool to
assess the risk of bias of nonrandomized studies.!” It con-
tains 6 domains for risk of bias comprising the “Selection
of Participants,” “Confounding Variables,” “Exposure of
Measurement,” “Blinding of Outcome Assessment,”
“Incomplete Outcome Data,” and “Selective Outcome
Reporting.” The criteria of each domain were adapted to
the context of our systematic review, to specifically ana-
lyze the risk of bias arising from in vitro and in vivo stud-
ies. Two other domains—*Planning and Implementation of
Interventions” and “Funding Bias”—were added to ana-
lyze other sources of bias that arise specifically from LT
interventions. Table 1 describes the criteria used to judge
the risk of bias of each domain. Two authors (SO and RA)
judged and classified the risk of bias of all included studies
as low risk, high risk or unclear.

Data Collection, Extraction, and Statistics

All data were extracted from the included studies into a
Microsoft Excel spreadsheet by 1 author (SO) and reviewed
by 3 other authors (RA, AL, and OC). The data collected
were the following: sample size and characteristics (cell
and animal type, in vitro and in vivo OA models, animal
race, gender, age, and weight, experimental groups, number
of animals per group, and sample collection methods),
study characteristics (year, study design, aim, measured
variables, limitations, and general remarks), LT parameters
(emitter type, wavelength, operating mode, frequency, duty
cycle, pulse duration, power, power density, beam spot size,
energy per point, total energy, energy density, irradiation
time, treatment duration, application technique, irradiation
area, and the number of points irradiated), biochemical and
histological cartilage response outcomes. The biochemical
outcomes describe the chondrocytes activity, ECM synthe-
sis and/or degradation and the inflammatory activity. The
histological outcomes comprise the effects on the quality of
articular cartilage. In addition, behavioral outcomes, that
analyze the pain-like behaviors and comprised the gait per-
formance, weightbearing, and mechanical hyperalgesia
analysis were collected.
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The median, 25% and 75% percentiles, and minimum
and maximum values were calculated for each LT
parameter.

Results

Search Strategy

The PRISMA flowchart search can be found in Fig. 1. From
the initial 1049 records, identified 33 studies (3 in vitro'3-?°
and 30 in vivo”™2"¥7) met the eligibility criteria and were
included in this systematic review.

Risk of Bias

In Vitro Studies. The judgment of risk of bias for each
in vitro study and a summary for each domain is displayed
in Figure 2a. The “Selection of Cells” domain presented
unclear risk of bias in 2 in vitro studies'®?° that did not
report the animal characteristics from which the cartilage
samples were obtained. The “Confounding Variables”
domain was judged as low risk of bias for all in vitro stud-
ies. Although, the culture medium volume was not provided
in 2 studies'*?° and the influence of the culture medium vol-
ume in varying levels of irradiation could not be assessed.
The ‘“Planning and Implementation of Interventions,”
“Exposure of Measurement,” and “Blinding Outcome
Assessment” domains were judged as high risk of bias due
to an inadequate measurement of semiquantitative or quali-
tative outcomes. The “Incomplete Outcome Data” domain
was judged as unclear risk for all in vitro studies because
these studies did not report the sample size.

In Vivo Studies. The judgment of risk of bias for each in
vivo study and a summary for each domain is displayed in
Fig. 2b. The “Selection of Animals” domain was judged as
unclear risk in 40% of in vivo studies because animal age,
sex, or weight were not reported, precluding the evaluation
of the potential risk of differences between groups. The
“Planning and Implementation of Interventions” domain
was judged as high risk of bias for all studies because the
studies did not control for the temperature before, during
and after the LT intervention. The temperature control is an
important factor since the observed outcomes may result
from thermic effects and not from the application of light by
itself.**4% All studies also failed in consistently reporting all
the LT parameters. The “Exposure of Measurement” domain
was judged as high risk of bias in 43% of studies as these
studies did not include 2 independent observers for semi-
quantitative and/or qualitative analysis. In the absence of
those independent operators, blinding should have been
implemented to avoid detection bias, which was only per-
formed by 53% of studies as represented by “Blinding
Outcome Assessment” domain. The “Selective Reporting

of Outcomes” domain was judged as high risk of bias in
13% of studies as these studies did not report the results of
all measured outcomes. The “Funding Bias” domain was
also judged as high risk of bias in 13% of studies due to the
lack of reporting of potential conflict of interest.

In Vitro Studies

Study Characteristics. All in vitro studies were based on
monocultures experiments. Two studies (67%) used chon-
drocytes isolated from the knee cartilage of New Zealand
white rabbits, which were further expanded in vitro. One
study (33%) used human chondrocytes cell lines. Only 1
study (33%) conducted experiments in an in vitro OA
model, which consisted in the administration of recombi-
nant human interleukin-1f (IL-1B) to stimulate the inflam-
matory environment that occurs naturally in knees with OA.

LT Parameters. All studies reported the wavelength, operat-
ing mode, power output, energy density, irradiation time,
treatment duration, and irradiation area parameters. The
light stimulus was used in pulse mode in 1 study (33%) and
continuous in the remaining 2 studies (67%). The median
laser wavelength was 632.8 nm (range, 632.8-910.0 nm),
with a median power output of 7mW (range, 2.5-10.0 mW),
and a median energy density of 4.0 J/cm? (range, 2.50-5.87
J/em?) for a median duration of 390 seconds (range, 180-
660 seconds) with a median irradiating area of 0.91 cm?
(range, 0.785-9.6 cm?). Supplementary Table S2 reports the
LT parameters used in each study. Supplementary Table S3
summarizes the descriptive statistics of the reported LT
parameters.

Biochemical Outcomes. The in vitro studies only reported
biochemical outcomes (Supplement Table S4), including
the chondrocytes activity (67%, k = 2), ECM synthesis and/
or degradation (100%, £ = 3) and the expression of inflam-
matory markers (67%, k = 2). Table 2 presents the study
design and outcomes reported from each in vitro study.

The chondrocyte proliferation and viability measured by
MTS! [3-(4,5-dimethylthiazol-2-yl)-5-(3-carboxymethoxy
phenyl)-2-(4-sulfophenyl)-2H-tetrazolium] and XTT?
[2,3-bis-(2-methoxy-4-nitro-5-sulfophenyl)-2H-tetrazo-
lium-5-carboxanilide] assays were increased after LT,
which were time and dosage dependent.

At the ECM, the matrix proteins collagen type II (COL
1) and aggrecan (ACAN) expressions were increased
after LT treatment measured by polymerase chain reac-
tion (PCR') and immunocytochemistry.?’ One study'’
reported no significant differences in glycosaminogly-
cans (GAGs) stained by Alcian blue during the treatment
duration but revealed a significant difference at the post-
treatment follow-up (until day 12 posttreatment). The
same study'? reported a downregulation of collagen type
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Figure |. Preferred Reporting Items for Systematic Review and Meta-Analysis (PRISMA) flowchart of included and excluded studies.

I (COL I) and an increase in transcription factor SOX-9
expression (measured by PCR and Western blot).!® After
the light exposure, another study'® demonstrated a signifi-
cant decline in the expression of matrix metalloproteinase
(MMP) MMP-1 and MMP-3, in contrast to the expres-
sions of MMP-9 and MMP-13 that were not significantly
altered (measured by PCR and Western blot).'® Conversely,
a significant decrease in the expression of MMP-13 (mea-
sured by PCR and Western blot) after LT was reported in
other study.!®

The inflammation analyzes revealed a significant down-
regulation of inflammatory markers such as IL-13, IL-6,

and TNF-o (measured by PCR),'®!” with or without the
administration of IL-1 to the cell culture medium.'3

In Vivo Animal Studies

Study Characteristics. A total of 1,400 animals were in 30 in
vivo studies, distributed in 2 to 9 experimental groups, con-
taining 5 to 20 animals per group. The most common animal
model was rat (80%, k = 24), of which 83% were Wistar
rats. Male animals were more commonly used (73%), with
only 2 studies including females (7%) and 3 studies includ-
ing both genders (10%). The rat models (n = 1071) were
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CARTILAGE 13(Suppl 2)

1.5 to 3 months old and weighed 150 to 350 g, whereas the
rabbit models (n = 267) were 4 to 15 months old and
weighed between 2,000 and 4,500 g.

The in vivo studies described different models of experi-
mental OA induction, being the most common the anterior
cruciate ligament transection (ACLT) in the knee (k = 11,
37%), followed by intra-articular injections of papain solu-
tion (k = 9, 30%) or monoiodoacetate (MIA) (k = 5, 17%).
After the animal sacrifice, most studies collected the knee
joints (k = 22, 73%). The study design and outcomes
reported for in vivo studies are presented in Table 3.

LT Parameters. The light stimulus was used in continuous
mode in more than half of the studies (70%, k = 21). The
median wavelength was 808 nm (range, 630-904 nm), at
a median power of 50 mW (range, 30-60,000 mW), a
median power density of 1,700 mW/cm? (range, 0.4-
3570 mW/cm?), and a median energy density of 50 J/cm?
(range, 2-1,500 J/cm?) for a median irradiation time of 40
seconds (range, 10-900 seconds). Most commonly, the
treatment duration was 3 times a week (90%, k = 27)
with a median number of sessions of 15 (range, 1-32) by
skin contact (83%, k = 25) in a median of 2 (range, 1-2)
points within the joint. Irradiation area was the less
reported parameter, being only provided in 3 studies
(10%). Supplementary Table S2 reports the LT parame-
ters used in each in vivo study and Supplementary Table
S3 summarizes the descriptive statistics for the reported
LT parameters.

Biochemical Outcomes. The chondrocytes proliferation was
not analyzed in any of the in vivo studies, but more than half
of the studies evaluated the ECM synthesis/degradation and
inflammatory markers (Supplementary Table S4).

The ECM synthesis and/or degradation after LT varied
across the included studies. The expressions of COL II
(measured by immunoexpression,?! Western blot,?? picro-
sirius red staining,’'*¢ and PCR**), GAGs (measured by
toluidine blue staining’), and ACAN (measured by PCR)
increased significantly following LT. However, there was
one study that revealed no effect on COL II and ACAN
expressions (measured by immunoexpression®? and PCR,*
respectively). The MMP-13 expression after LT showed
conflicting results; it was significantly downregulated in 5
studies (measured by PCR?>?%** and immunoexpression®*%)
and its expression was not affected in 4 studies (measured
by immunoexpression*3>37 and PCR*}). The MMP-3 anal-
ysis also showed a significantly decreased expression (mea-
sured by immuoexpression® and PCR?®) or no effect
(measured by PCR*) after LT. Other MMPs such as MMP-
1, MMP-2, and MMP-9 were significantly reduced follow-
ing LT (measured by PCR?>* and Western blot*®). The LT
also significantly increased the expression of the tissue

inhibitors of metalloproteinases TIMP-1 and TIMP-2 (mea-
sured by PCR?234),

The pro-inflammatory markers also showed conflicting
evidence across the included studies. The most reported
markers were IL-1p and TNF-a. These 2 markers were con-
sistently and significantly decreased after LT (measured by
enzyme-linked immunosorbent assay [ELISA]®%25-2739,
PCR 22233334384 and imunoexpression?®). Similar trends
were observed for expressions of IL-6 (measured by
ELISA®%233% and PCR?>?>333%) and caspase-3 (measured by
immunoexpression®>*!), whereas the anti-inflammatory
marker IL-10 significantly increased after light treatment
(measured by PCR?>%%), In contrast, some studies reported
no effect on the expressions of IL-13 (measured by immuno-
expression®?3>37 and PCR*), IL-6 (measured by ELISA?®),
TNF-o. (measured by ELISA%® and immunoexpression3237),
IL-10 (measured by ELISA®%), and caspase-3 and cas-
pase-8 (both measured by immunoexpression’®*!). The LT
exposure promoted a significant decrease in total number of
inflammatory cells, namely neutrophils and macrophages
(quantified by ELISA®?® and differential cell counting’3-3%).
On the contrary, another study reported no effect on total
number of inflammatory cells as measured by immunoex-
pression.*> LT also reduced oxidation (measured by lipid
oxidation assay”) and astrogliosis (measured by immunoex-
pression’), which is associated with central inflammation in
the spinal cord.”

Histological Outcomes. The histological outcomes were
assessed through the grading of OA, morphometric analy-
sis, and cartilage organization (Supplementary Table S4).
The LT significantly decreased the stage of OA, as graded
by the Osteoarthritis Research Society International
(OARSI) or OARSI modified score,®?"2%30 Mankin, 264144
or other score systems.>**-4¢ Only 2 studies?>*’ reported no
effect on OA grading after LT.

The LT interventions resulted in conflicting morphomet-
ric findings. While some studies showed significant
decrease in chondrocytes density?**%3>37 and increase in
cartilage thickness,? other studies*>* reported no statisti-
cal differences on these 2 outcomes. The most commonly
reported histological effects of LT were the slowing down
of chondrocytes proliferation (in number and organization),
fewer signs of fibrillation and less irregularities in articular
cartilage $21232426282932.34374146  Three  studies®363%
detected local inflammatory signs after the induction of OA
in, and 1 study*? reported the formation of epithelium and
new blood vessels after LT.

35,45

Behavioral Outcomes. The pain-like behavior was assessed
by gait performance, weight distribution in each hind limb
(weightbearing) and mechanical hyperplasia analysis
(Supplementary Table S4). The LT did not influence the
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gait performance’?! or maximum knee extension.?® Weight-

bearing and mechanical hyperplasia were significantly
increased after LT.7-93440-50

Discussion

The main findings of this systematic review are that LT pro-
moted ECM synthesis and lowered pain and inflammation
in in vitro and in vivo studies, suggesting a potential to slow
down OA and cartilage degeneration.

The majority of the studies were judged as high risk of
performance and detection bias. The dosage calculation
was inconsistent since some authors considered the beam
surface,'?> while others assumed an irradiated surface
area,”* and roughly one third of studies®263%4143-4751 fajled
to report all LT parameters. Those factors preclude direct com-
parisons among studies. Lack of temperature control during
stimulation also contributed for the high risk of performance
bias. More than half of the studies did not measure the
qualitative and/or semiquantitative data adequately, lacking
2 independent observers’$!81921:222831-3336:38 41444647 o
blinding of the observers.’$20.2227.283133.36:3840-4446.47 Thege
qualitative and semiquantitative analyses are more prone to
errors as they estimate the concentrations and do not provide
an accurate quantification. The use of distinct techniques
may also diagnose differently the outcomes. One study did
not find statistically significant differences in gene expres-
sion of IL-1p by PCR after LT, but on the protein expression
(ELISA assay) analysis differences were detected.?
Therefore, it is also advisable to complement qualitative
analysis with a proper quantitative measurement of the
outcomes, $22:25:26.28,32,34,38,39.43,50

Many research models of OA have been explored to
study the disease and its effect on the whole joint. The
included in vitro studies used monolayer cultures of chon-
drocytes from primary sources. Other in vitro models such
as cartilage explants,” 3-dimensional culture® or co-culture
with other cell types also implicated in the disease®* were not
explored in the context of light stimulation. The application
of those models could also contribute with relevant insights
about the in vitro effects of LT. In vivo models allow a more
in-depth study of OA disease in the whole joint, as well as
the effects of time, motion, and weightbearing. The included
in vivo studies used small animals, most induced OA by sur-
gical procedures (e.g., ACLT) or by chemical injections
(e.g., papain and MIA). The surgical OA models promote
joint destabilization which, consequently, results in OA,
enabling a more comprehensive study of cartilage degenera-
tion and its progression.?!23242930.3234353741.43 The chemi-
cally induced models focus mainly on the inflammation and
pain mechanisms,’--22:23:27:28.33.36.38-4042.46 Thereby, in vitro
and in vivo research models are significant to elucidate the
LT effects on OA, contributing to the growing understand-
ing of this therapy, before translating into clinical studies.

The use of LT resulted in biochemical-induced effects on
articular cartilage. The in vitro studies demonstrated that the
LT yielded a positive biochemical effect in cartilage, includ-
ing an increase of ECM synthesis (COL II, ACAN, and
GAGs) and a downregulation of ECM proteases (MMPs)
and inflammatory markers (IL-1p, IL-6, and TNF-a).'$-20
The LT produced a continuing effect on chondrocytes activ-
ity that persisted up to 12 days after treatment.'® The in vivo
studies showed that LT stimulated ECM matrix production
while inhibiting its degradation,”$21222829,32,343643 There
was however 1 study reporting no effect in any of the
matrix proteins®? and4 other studies’®**3”* reporting no
effect on MMPs expression. The COL I expression, which
is commonly seen in fibrocartilage, was unaffected or
decreased,’*3%7 suggesting that the LT is promoting a hya-
line-like cartilage regeneration.! The effects of LT on
inflammation markers were inconsistent. While most stud-
ies found a significant decrease on the expression of inflam-
matory markers,%-22:25-3033,3438.394143 other studies did not
find any effect.323>3742 These findings combined suggest
that LT can slow down the cartilage degeneration and has a
potential to modulate the OA-derived joint inflammation,
but the effects are variable.

Cartilage degeneration is characterized by chondrocytes
hypertrophic proliferation and differentiation, resulting in
chondrocytes apoptosis and cartilage replacement by bone.>
The use of LT improved cartilage quality as assessed by his-
tological analysis and suggested a deceleration of cartilage
degeneration 8212420283441 Histologically, the included stud-
ies found a decrease of both OA progression®?2!:26:29:30,3441.44
and chondrocytes density?>?3%-3237 with improved cartilage
thickness.?*** Four studies did not show any effect in any of
the histological outcomes, including OA progression, chon-
drocytes density or cartilage thickness.?*3>374> These find-
ings combined suggest that LT seem to have a significant
effect in slowing down the OA progression.

The animal behavior after exposure to LT highlighted an
analgesic effect as observed by weightbearing readaptation
(distribution of weight across the hind paws) and mechani-
cal hyperplasia (paw withdrawal in response to an increas-
ing force).”%344-3% Although no changes on gait performance
were observed, a control group without induction of OA
would be needed to confirm if the lack of differences mean
the LT had no effect on gait patterns or if the induction OA
did not result in gait impairments.”?! One study*® used in
vivo models with different OA stages and demonstrated that
LT stimulated cartilage regeneration only at early and inter-
mediate stages of OA, which suggests that LT might be
unable to delay OA progression at more advanced stages.

To interpret outcomes, it is important to understand how
variables can interfere in those results and that physiologi-
cal effects of LT are dose dependent. While a very low
energy may not be sufficient to promote a cellular response,
an excessively high energy will inhibit those effects.® Dose
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dependency of LT was investigated in 2 studies,'>?* which
confirmed that longer exposure times or energy densities of
LT did not result in better cellular viability. The influence of
the LT dosages on articular cartilage repair was variable
across the studies and remains inconclusive. While 1 study?3
reported that 71.4 J/cm? at 50 mW was better than 142 J/cm?
at 50 mW in eliciting an anti-inflammatory response,
another study®® concluded that 142 J/cm? at 50 mW was
more efficient in modulating all inflammatory markers than
142 J/em? at 100 mW. Other studies®>3>37 also compared
lower energy densities (10 and 50 J/cm? at 30 mW) but no
significant effect was observed in the inflammation process.
Only 1 study’ showed that 9 J/cm? at an average power of
40 mW enhanced the anti-inflammatory response in pulsed
mode. The effect of different wavelengths was also investi-
gated. Both in vitro and in vivo studies applied red and near-
infrared light (600-1100 nm), which corresponds to a higher
absorption by chromophores at cellular mitochondria.>
However, while an wavelength of 660 nm was better in
repairing cartilage than 780 nm,*' a wavelength of 808 nm
was more effective in stimulating angiogenesis than 660
nm.*? Other studies applied higher wavelength values using
carbon dioxide laser (10.6 um) to stimulate knee “acu-
points” for laser acupuncture, but only 2 studies®** used this
type of laser, limiting the conclusions. Finally, the included
studies applied a wide range of other LT parameters (other
than energy density, power, and wavelength), which ham-
pers more direct comparisons between the studies and lim-
its the critical rationale about the most appropriate dosage
for knee cartilage repair.

The effects of LT combined with other conservative ther-
apies was assessed in a few studies. When the LT was com-
bined with different exercise modalities or topical use of
nonsteroidal anti-inflammatory drugs (NSAIDs), there were
no additional effects as compared with LT alone.?*?>2%3% On
the other hand, when combined with intra-articular injec-
tion of stem cells or with chondroitin and glucosamine sul-
fate, LT showed an enhanced therapeutic effect in the
articular cartilage.?>%

The World Association for Laser Therapy (WALT)
guidelines recommends minimum dosage values for the
application of LT in the knee.’”*® The WALT guidelines
recommend a minimum of 4 J = 50% energy per point, at
a power of 5 to 500 mW, for 20 to 300 seconds, at 780 to
860 nm, when using GaAlAs lasers.”” More than one-
fourth of the studies did not follow those recommenda-
tions, applying lower values of energy per point—0.3 J and
1.4 J. 2242930323537 Qome of these studies were previously
highlighted for not showing any effects on ECM synthesis,*?
downregulation of MMPs*®337 and inflammation
markers,*>*>37 and lack of histological improvements.?33>-37
The administration of dosage values of LT below the thera-
peutic window may not be enough to trigger a cellular
response. Most of the studies that used lower dosage values

only observed significant differences in some of the out-
comes (biochemical, histological, or behavioral) after more
than 20 sessions of treatment.?*?42%303237 The number of
sessions of treatment appears to be related to energy dose,
with lower dosage values requiring more sessions of LT to
elicit therapeutic effects. Following the WALT guidelines is
of upmost importance to ensure optimized results, to estab-
lish direct comparisons among studies and to standardize
the LT dosages according to the diagnosis. However, the
WALT guidelines are only valid for GaAs and GaAlAs
lasers and their recommended values may not be applicable
to other type of lasers, such as He-Ne,'*** InGaAlIP,* and to
LEDs (light-emitting diodes).?' It is thus paramount and a
priority to extend these guidelines to other types of lasers to
allow researchers and clinicians to apply recommended
dosages regardless of the type of laser utilized.

Some limitations of this systematic review should be
highlighted. Our search strategy identified only a small
number of in vitro studies, which limits our discussion on
the in vitro effects of LT. Only in vivo studies that used OA
models were included, excluding inflammatory arthritis
and rheumatoid arthritis models, knowing that this may
have restricted some studies to this analysis. However, the
effect of LT on systemic inflammatory diseases was not
within goal of this systematic review. The lack of consis-
tent reporting of the same outcomes under the same testing
conditions precluded the performance of a meta-analysis.
Performance and detection bias were judged as high risk of
bias for all studies, which limits the strength of the conclu-
sions that can be made.

This systematic review aims to provide future directions
in LT field. The outcomes tables (Tables 2 and 3,
Supplementary Tables S2 and S3) summarized in this sys-
tematic review provide a useful source for comparison of
different parameters and their findings. Researchers should
report clearly all stimulation parameters and follow WALT
guidelines to standardize the application of LT and to
ensure a minimum therapeutic effect. Further efforts should
focus on extending the current guidelines to other laser
types and LEDs. The implementation of LT and techniques
to measure the outcomes should also be improved in future
studies by controlling the temperature during stimulation
and complementing their qualitative analyses with quanti-
tative measurements.

Conclusions

There was poor standardization of LT parameters, its appli-
cation methods, and outcomes measured. Still, the in vitro
and in vivo research models suggest that the use of LT may
be considered as a nonsurgical treatment option on the man-
agement of knee OA, especially on early stages, since posi-
tive effects on ECM production, inflammatory response,
deceleration of OA progression and pain-like behavior have
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been demonstrated. In addition, future studies should com-
prehensively report the LT parameters and comply the
WALT guidelines.
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