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Photobiomodulation Therapy Modulates Inflammatory and Cartilage
Biomarkers in Patients with Knee Osteoarthritis: A Pilot Case Series

Nathalia Lopes Ferreira”, Nathali Cordeiro Pinto Miachon’, George Miguel Gées Freire', Hazem
Adel Ashmawi', Marucia Chacur”

Learning Point of the Article:

This article demonstrates that photobiomodulation therapy (PBMT) can modulate both systemic and local inflammatory mediators in
knee osteoarthritis, reducing biomarkers associated with cartilage degradation while improving clinical outcomes such as pain and joint
mobility. It highlights the potential biochemical mechanisms underlying PBMT analgesic effects and supports its use as a non-invasive
adjunct therapy for osteoarthritis management.

Introduction: Knee osteoarthritis (KOA) is a common degenerative joint disease characterized by pain, inflammation, and progressive
cartilage degradation. Current treatments often provide limited relief, encouraging the exploration of adjuvant, non-invasive modalities such as
photobiomodulation therapy (PBMT ). Although PBMT has demonstrated analgesic and anti-inflammatory potential, its biochemical effects in
KOA remainunderexplored.

Case Report: This pilot clinical investigation included 30 patients with clinically and radiographically confirmed KOA, allocated into two
groups (PBMT, n = 15; placebo, n = 15). All participants received identical treatment protocols, with the placebo group undergoing sham
irradiation. Synovial fluid and blood samples were collected before and after the intervention to assess inflammatory and cartilage metabolism
biomarkers, including interleukins (IL-1, IL-6, and IL-10), tumor necrosis factor-alpha (TNF-a), matrix metalloproteinases (MMP-3 and
MMP-13), collagen type IT C-telopeptide (CTX-II), and prostaglandin E2 (PGE2).

Results: PBMT produced significant biochemical and clinical modulation compared with placebo. In serum, PBMT reduced IL-1, IL-6, TNE-
a,and PGE2 levels while increasing IL-10 concentrations. In synovial fluid, significant reductions were observed in MMP-3, MMP-13, CTX-II,
IL-1,IL-6,and TNF-qa, accompanied by increased IL-10levels. Clinically, PBMT participants reported substantial pain reduction and improved
joint mobility.The observed reductions in inflammatory cytokines and cartilage degradation biomarkers indicate that PBMT exerts both
systemic and intra-articular modulatory effects. The increase in IL-10 suggests activation of anti-inflammatory regulatory pathways, which may
contribute to the clinicalimprovements observed. These findings reinforce the hypothesis that PBMT acts not only through symptomatic relief
butalso through modulation of disease-related biochemical mechanisms.

Conclusion: PBMT demonstrates beneficial local and systemic effects on inflammatory and cartilage degradation pathways in KOA,
supporting its potential as an adjunctive therapeutic strategy. Larger controlled clinical trials are warranted to confirm these findings and
establish standardized treatment parameters.
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Introduction

Osteoarthritis (OA) is a chronic inflammatory disease that can
impact any joint, leading to the progressive degeneration of
cartilage. Knee osteoarthritis (KOA) is the most prevalent form
of OA, accounting for 85% of OA cases and affecting 37% of
individuals over the age of 60 years [1]. The prevalence of KOA
is expected to continuously escalate due to population aging
and increases in obesity rates. It is characterized by several
pathological changes, including synovitis, cartilage
degeneration, subchondral bone remodeling, and osteophyte
formation. These changes contribute to joint pain, swelling,
stiffness, physical impairments, reduced quality of life, and
potential disability [2,3].

At the molecular level, these structural alterations are largely
driven by an imbalance between anabolic and catabolic
processes within the joint. Proteolytic enzymes, particularly
matrix metalloproteinases (MMPs), play a central role in
mediating extracellular matrix breakdown, making them key
contributors to cartilage degradation in KOA [4]. MMPs are
enzymes crucial for various physiological processes; however,
elevated levels have been consistently observed in the synovial
fluid of KOA patients. Research by Lohmander et al.
demonstrated that synovial fluid contains increased levels of
aggrecan fragments and cartilage proteins, which are markers of
matrix metabolism, following initial joint trauma, indicating
heightened joint tissue degradation [S, 6]. These findings
highlight the pivotal role of MMP activity and matrix-derived
fragments in the pathophysiology of KOA and support their use
as relevant biomarkers for disease monitoring and therapeutic
targeting.

MMP-3 (stromelysin-1) is a significant enzyme in the MMP
cascade due to its ability to degrade various cartilage
components, including gelatin, aggrecan, and collagen typesIII,
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Figure 1: Serum levels of inflammatory and oxidative stress biomarkers in control (placebo)
and experimental groups (photobiomodulation therapy), pre-and post-intervention
measurements. (a) Interleukin (IL)-10, (b) IL-1, (C) IL-6, (d) tumor necrosis factor-alpha,
(e) matrixmetalloproteinases (MMP)-3, and (f) MMP-13. Data are expressed as the mean +
standard error of the mean. Statistical comparisons were performed using one-way analysis
of variance followed by Tukey’s post hoc test. A value of P < 0.05 was considered statistically
significant.

IV, IX, and X. It also activates proMMPs 1, 7, 8, 9, and 13. In
addition, collagenases (MMP-1, MMP-8, and MMP-13) can
degrade intact collagen type II, a primary component of
articular cartilage, which is further degraded by gelatinases [7,
8].

MMP activity is regulated at multiple levels, with gene
expression being particularly important and influenced by
various growth factors and cytokines [3,9]. During
inflammation, immune cells such as macrophages,
lymphocytes, and neutrophils infiltrate the joint, leading to
synovial fluid accumulation. Cytokines and lipid-derived
inflammatory mediators in synovial fluid have been widely
investigated, particularly in theumatoid arthritisand OA [10].

Pre-clinical evidence suggests that interleukin-6 (IL-6) plays a
critical role in central sensitization, chronic inflammation, and
autoimmunity. In human studies, IL-6 has been linked to KOA
onset, structural progression, and reduced physical function
[11]. Similarly, changes in inflammatory mediators, including
IL-1, tumor necrosis factor-alpha (TNF-a), nitric oxide (NO),
and MMPs, promote matrix component loss and progressive
cartilage destruction [12, 13]. Biochemical analyses
consistently confirm that synovial membrane inflammation is
central to OA pathophysiology. Pro-inflammatory cytokines
such as IL-1B and TNF-q, secreted mainly by macrophages,
exacerbate joint inflammation and stimulate synovial cells to
release additional mediators (cytokines, chemokines, and
MMPs, notably MMP-3, -8, and -13) [14]. These processes
compromise collagen type Il integrity, increase collagen type II
C-telopeptide (CTX-II) levels, and drive articular tissue
degenerationandjoint space narrowing [ 15, 16].

Current treatments for KOA, including conservative therapies
(e.g, exercise and lifestyle modifications), pharmacological
management, and surgical interventions, primarily aim to
alleviate pain and preserve function [17]. However,
conservative strategies often provide limited efficacy, and
pharmacological or surgical options may not be suitable for all
patients, underscoring the need for alternative or
complementary approaches.

Over the past three decades, research has explored
photobiomodulation therapy (PBMT) as a potential non-
pharmacological treatment for KOA in both human patients
and animal models. Findings suggest that PBMT can reduce
pain and modulate inflammatory responses associated with OA
progression [17,18]. Although its mechanisms remain under
investigation, PBMT appears to influence key molecular
pathways involved in joint inflammation and matrix
degradation. For example, Nambi demonstrated that PBMT
reduced pain and inhibited the proliferation of collagen type II
C-telopeptide, as well as MMP-3, MMP-8, and MMP-13,
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compared with placebo treatments, suggesting its potential
benefiteveninlaterstagesof AO [19].

Despite encouraging results, the clinical efficacy of PBMT from
a biochemical perspective remains controversial, requiring
further investigation. Therefore, this study aims to evaluate the
effects of PBMT in patients with KOA. Specifically, we will
assess its impact on the concentrations of IL-1, IL-6, IL-10,
TNEF-a, MMP-3, MMP-13, collagen type II C-telopeptide
(CTX-II), and prostaglandin E2 (PGE2) in synovial fluid and
blood samples.

Material and Methods
Studypopulation

The current study was approved by the Ethics Committee on
Research of the Hospital das Clinicas da Faculdade de Medicina
da Universidade de Sio Paulo (CAAE:
93744418.5.0000.0068) and conducted in accordance with the
principles of the Declaration of Helsinki. Written informed
consent was obtained from all participants before inclusion.
The trial was registered at Clinical Trials.gov (NCT03924128).
Data were collected at the Pain Clinic of the Department of
Anesthesia, Hospital das Clinicas, Faculdade de Medicina da
Universidade de Sao Paulo. Participants were screened for
eligibility and enrolled after meeting the inclusion criteria. The
study was conducted over 10 months, including baseline
evaluation, treatment sessions, and post-treatment
assessments.

This case series is derived from a previously published
randomized, double-blind, placebo-controlled pilot trial
conducted by our research group [20]. For the present analysis,
we used biological samples (synovial fluid and serum) obtained
from 15 patients per group (PBMT and placebo) from that prior
study to perform an extended investigation of the inflammatory
response to PBMT, by comparing pre- and post-treatment
measures with placebo controls. This secondary analysis
provides a more detailed exploration of PBMT’s biochemical
effects, complementing the previously reported clinical
outcomes.

Inclusion criteria

Patients of both sexes, aged 40-90 years, diagnosed with
chronic KOA according to the American College of
Rheumatology criteria, and classified as grade III or IV
according to the Kellgren-Lawrence radiological grading
system, were included in this study.

Exclusion criteria

Patients with cancer, neurological deficits, fractures, cardiac
diseases, or other conditions affecting the knee joint were
excluded from the study.

Treatmentprocedure

Treatment was administered twice a week on the same days over
a period of S weeks with the system Light-Aid (Bright
Photomedicine, SP, Brazil), operated at a continuous wave of
850 nm or with a placebo probe of the same appearance and
display. The probes were numbered A (active) and B (placebo).
Treatment was administered in contact with the skin over the
patient’s knee. Both knees were treated, but statistical analysis
was done in the knee with the highest pain intensity on the
numerical rating scale. Placebo treatment was identical to PBM
treatment, in a way that the device was turned on, but the probe
was disabled without emitting any energy, ensuring that neither
the operator nor the subject could identify which group it
belonged to. The probe device comprises 100 light-emitting
diodes (LEDs) divided into 4 LED clusters with 25 LEDs each,
which covered patients’ whole knee surface. The treatment was
applied using a constant 5-8 min to deliver a total of
526]J-1402] each session and a power density of 60-100
mW/cm?[20].

Laboratory examinations

Blood samples were collected from the antecubital vein, and
synovial fluid was aspirated from the inflamed knee joints of all
participants in the fasting state between 7:00 and 11:00 AM.
After clotting, blood samples were centrifuged, and the serum
was stored at —80°C until analysis. Concentrations of IL-1,IL-6,
IL-10, TNF-a, MMP-3, MMP-13, CTX-II, and PGE2 in both
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Figure 2: Synovial fluid levels of inflammatory and oxidative stress biomarkers in control
(placebo) and experimental groups (photobiomodulation therapy), pre- and post-
intervention measurements. (a) Interleukin (IL)-10, (b) IL-1, (c) IL-6, (d) tumor necrosis
factor-alpha -a, (e) matrix metalloproteinases (MMP)-3, (f) MMP-13, (g) collagen type II C-
telopeptide, and (h) prostaglandin E2. Data are expressed as the mean * standard error of the
mean. Statistical analysis was performed using one-way analysis of variance followed by
Tukey’s posthoc test. Avalue of P < 0.05 was considered statistically significant.
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serum and synovial fluid were determined using commercially
available sandwich enzyme-linked immunosorbent assay kits
(R&D Systems, CA, USA) following the manufacturer’s
instructions. All measurements were performed in triplicate,
and the mean values were used for statistical analysis.

Statistical analysis

GraphPad Prism was used to perform statistical analyses.
Biomarker results were analyzed using one-way analysis of
variance with repeated measures, followed by a Sidak-corrected
posthoc test to determine possible differences between groups.
Avalue of P < 0.05 was considered statistically significant in this
study, and data were presented as means * standard deviation.

Results
Impactof PBMT onblood biomarkersin KOA

In the placebo group (PBMT device turned off), no significant
changes were observed in blood biomarkers between pre- and
post-intervention measurements (Fig. 1). In contrast, patients
who received PBMT showed significant changes in specific
markers. Serum IL-10 levels were significantly increased after
PBMT compared with pre-treatment (P < 0.01), whereas IL-1f
levels were significantly reduced (P <0.03). Similarly, serum
MMP-3 concentrations were significantly increased following
PBMT (P < 0.04). No statistically significant differences were
found in TNF-a, IL-6, or MMP-13 levels between pre- and
post-treatment. These results indicate that PBMT selectively
modulates anti-inflammatory (IL-10) and matrix remodeling
(MMP-3 and IL-1P) biomarkers in blood, whereas other
inflammatory mediators remain unaffected.

Eftects of PBMT onsynovial fluid biomarkersin KOA

Analysis of synovial fluid revealed that PBMT produced
selective effects on certain biomarkers (Fig. 2). Post-treatment,
TNF-a levels were significantly reduced compared with
baseline (P < 0.04), whereas MMP-3 levels were significantly
increased (P <0.05).

No significant changes were observed in IL-1f, IL-6, IL-10,
MMP-13, PGE2, or CTX-II concentrations following PBMT.
These findings suggest that PBMT may attenuate local pro-
inflammatory activity (via TNF-a reduction) while enhancing
MMP-3 activity related to cartilage remodeling, without
significantly altering other inflammatory or catabolic mediators
inthe synovial environment.

Discussion

According to the World Health Organization, approximately

528 million people suffer from OA, with the knee being the
most commonly affected joint, followed by the hip and hand.
KOA is therefore a highly prevalent condition, affecting around
32.5 million adults in the United States alone, and symptomatic
KOA impacts nearly 14% of the population [21,22,23]. It is
characterized by progressive cartilage degeneration, synovial
inflammation, and chronic pain, all of which contribute to
significant disability and reduced quality of life. Current
therapeutic approaches, including conservative management,
pharmacological treatment, and surgical intervention, are
primarily aimed at alleviating symptoms rather than modifying
the underlying disease process [24]. However, their overall
efficacy remains limited, underscoring the urgent need for
innovative therapeutic strategies. PBMT has emerged as a
promising non-invasive intervention, with both pre-clinical and
clinical evidence suggesting beneficial effects on inflammation,
pain modulation, and tissue repair mechanisms in KOA [25,
26].

The pathophysiology of KOA involves a complex interplay
between pro-inflammatory cytokines, MMPs, and biochemical
markers of cartilage degradation. Elevated levels of cytokines
such asIL-1f, IL-6, and TNF-a amplify joint inflammation and
promote cartilage breakdown, while enzymes including MMP-
3 and MMP-13 mediate extracellular matrix degradation.
Moreover, CTX-IThas been widelyrecognized as a biomarker of
cartilage turnover and disease progression[4,27].

In this study, we demonstrated that PBMT induces selective
changes in both systemic and local biomarkers associated with
KOA. In serum, PBMT significantly increased IL-10 levels, a
cytokine with potent anti-inflammatory properties that
regulates immune responses and counteracts the activity of IL-
1f and TNF-a. Elevated IL-10 has been shown to attenuate
cartilage destruction and synovial inflammation in
experimental OA models [28,29], supporting the hypothesis
that PBMT may enhance endogenous protective pathways.
Consistent with this, we observed a significant reduction in
serum IL-1f after PBMT. IL-1p is recognized as a master
regulator of cartilage catabolism and synovial inflammation,
driving the production of degradative enzymes such as MMPs
and aggrecanases [30,31,32,33,34]. The observed decrease in
IL-1B, therefore, highlights a plausible mechanism through
which PBMT could mitigate KOA progression. Notably,
previous studies have also reported that PBMT can reduce IL-
1B and increase IL-10 in both animal models of arthritis and
clinical contexts [24,33,34], although the available evidence
remains scarce. These results reinforce the therapeutic potential
of PBMT while underscoring the need for further studies with
larger cohorts and standardized protocols to corroborate these
immunomodulatory effects.
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An unexpected yet noteworthy finding was the significant
increase in MMP-3 levels in both serum and synovial fluid after
PBMT. MMP-3 (stromelysin-1) plays a dual role in cartilage
metabolism: On one hand, it contributes to extracellular matrix
degradation by cleaving proteoglycans and non-collagenous
proteins, and by activating proMMPs such as MMP-1 and
MMP-9 [4,35]. On the other hand, MMP-3 has been
implicated in matrix remodeling and repair responses,
suggesting that its upregulation may not exclusively reflect
destructive processes but could also indicate increased tissue
turnover and adaptive remodeling [27,36]. Elevated MMP-3
levels in synovial fluid and serum have been consistently
associated with OA progression and are considered sensitive
biomarkers for joint tissue metabolism and therapeutic
monitoring [5,37]. In this context, the paradoxical increase
observed after PBMT may represent a transient compensatory
response linked to tissue repair rather than pathological
degradation. Importantly, the clinical significance of elevated
MMP-3 following PBMT remains uncertain and warrants
further investigation, particularly through longitudinal studies
assessing its relationship with structural outcomes and
functionalimprovement.

Taken together, our results suggest that PBMT may modulate
KOA pathophysiology by simultaneously enhancing anti-
inflammatory responses (1 IL-10, |IL-1f, and | TNF-a) and
influencing matrix remodeling dynamics (T MMP-3). These
findings align with previous studies showing that PBMT
reduces pro-inflammatory cytokines and oxidative stress while
upregulating anti-inflammatory mediators in both pre-clinical
models and clinical settings of musculoskeletal disorders
[33,34,38]. Furthermore, PBMT has been reported to
stimulate tissue repair processes, including angiogenesis,
collagen synthesis, and mitochondrial bioenergetics, which
may contribute to improved joint homeostasis [18]. The
paradoxical increase in MMP-3 observed here raises the
possibility that PBMT not only suppresses inflammation but
also activates remodeling pathways, consistent with its reported
role in accelerating tissue healing. Nonetheless, the dual nature
of MMP-3, implicated in both cartilage degradation and repair,
underscores the need for cautious interpretation. Longitudinal

and mechanistic studies will be essential to clarify whether
PBMT-induced increases in MMP-3 represent beneficial
remodeling or detrimental catabolic activity, and how this
dynamic relates to long-term structural and functional
outcomesin KOA.

Conclusion

This case series highlights that PBMT can selectively modulate
both systemic and local inflammatory and cartilage-related
biomarkers in patients with KOA, supporting its proposed anti-
inflammatory and tissue-modulating actions. The observed
increase in IL-10 and modulation of MMP-3, alongside
reductions in IL-1B and TNF-a, suggest that PBMT may
contribute to a shift toward a more balanced inflammatory
environment within the joint. Although not all biomarkers
responded uniformly, particularly IL-6, MMP-13, CTX-II, and
PGE?2, the findings provide valuable insights into the complex
biochemical effects of light therapy in degenerative joint
disease.

Clinically, these results add to the growing body of evidence
supporting PBMT as a safe, non-invasive, and potentially
disease-modifying adjunctive therapy for KOA. From a broader
perspective, this report advances our understanding of how
light-based interventions may influence inflammatory
networks and cartilage metabolism, offering new perspectives
for the management of OA and related musculoskeletal
disorders. Further studies with larger cohorts and extended
follow-up are warranted to confirm these findings and clarify
their implications for long-term joint protection and functional
recovery.

Clinical Message

Photobiomodulation therapy may represent a safe, non-invasive
adjunct treatment for knee osteoarthritis, capable of reducing
inflammatory activity and cartilage degradation while improving
pain and joint function, supporting its integration into multimodal
clinical management strategies
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