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Knee Osteoarthritis

INTRODUCTION — THE CLINICAL CHALLENGE OF OSTEOARTHRITIS: |
GLOBAL IMPLICATIONS FOR HEALTH AND PRODUCTIVITY e e

DNA-damage Response

ROS Inflammation | Autophagyé

The Socio-Economic Impact

Leading Cause of Disability: Osteoarthritis (OA) is the primary driver of chronic pain and functional impairment
in the adult population globally.

Quality of Life: Induces a progressive decline in patient autonomy, mental well-being, and social engagement.
Socio-Professional Impact: Acts as a major barrier to workforce participation, leading to high indirect costs
through absenteeism and early retirement.
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OA phenotype Mechanism

Pathophysiological Process

OA is recognized as a complex, whole-joint disease involving chronic inflammation and metabolic dysregulation.
Cellular Failure: The degradation of the extracellular matrix chronically outpaces the limited regenerative capacity
of chondrocytes.
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The Need for Innovation ' | e

Conventional therapies often provide symptomatic relief without addressing the underlying biological exhaustion.
Priority Direction: In modern rehabilitative medicine, optimizing the biological environment for regeneration is a
strategic priority.

The Paradigm Shift: The transition from reactive chronic treatment to proactive and synergistic regenerative
interventions.
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THE INNOVATIVE HYPOTHESIS
STRATEGIC SYNERGY: HALOTHERAPY-DRIVEN PRP POTENTIATION
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The Core Strategy . . ~ BRONCHI BEFORE HALOTHERAPY
Synergistic Integration: The protocol combines PRP with Halotherapy to surpass the efficacy of __~Narrowed bronchial tube
conventional monotherapies. v Lumen
Biological Priming: Environmental stimuli prepare the systemic biological environment prior to the i R xcessive

mucus

regenerative intervention. A s a T "
Response Amplification: This approach modulates cellular behavior to maximize the clinical impact of pacterte

Damaged cilia
the autologous graft.

Increased
number of
goblet cells

Primary Mechanisms of Action

Systemic Preconditioning: The procedure shifts the internal environment from chronic inflammation
toward a pro-reparative phase.The protocol optimizes the biological profile of the blood before the BRONCHI AFTER COMPLETED HALOTHERAPY
collection phase. Normal bronchial tube

Redox Signaling Modulation: Controlled, low-dose oxidative stress triggers Hormesis, activating
endogenous protective pathways. The interaction recalibrates the balance between antioxidant defenses
and signaling molecules.

Metabolic Priming: Stimuli activate mitochondrial pathways to increase the "cellular fuel" (ATP)
required for effective tissue synthesis.
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MATERIAL AND METHOD - THE PROTOCOL
THE PRECONDITIONING FRAMEWORK: A STANDARDIZED
METHODOLOGY

The Halotherapy Phase

Sequential Preparation: The protocol mandates 10 sessions of Halotherapy to establish a
baseline of biological readiness.

Time Parameters: Each session lasts 40 minutes, ensuring sufficient exposure for systemic
absorption.

Critical Timing: Halotherapy concludes prior to blood collection to ensure the PRP captures the
peak systemic response.

Induction of Hormesis

Saline Aerosol Exposure: Dry sodium chloride particles penetrate the respiratory system,
triggering a localized and systemic defense response.

Controlled Ozone Integration: Ozone-based procedures act as a precision bio-oxidant.
Biological Trigger: These stimuli induce Hormesis—a controlled state of oxidative stress that
stimulates cellular repair mechanisms without causing tissue damage.
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MATERIAL AND METHOD - THE PROTOCOL
THE PRECONDITIONING FRAMEWORK: A STANDARDIZED METHODOLOGY

Procedural Flow
Step 1: Systemic Priming (10 Halotherapy Sessions).
Step 2: Autologous Blood Collection (Post-Priming).
Step 3: PRP Preparation and Concentration.
Step 4: Intra-articular Injection into the Target Joint.
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THE CELLULAR CASCADE r
MOLECULAR MECHANISMS: ACTIVATING THE REGENERATIVE PATHWAYS / oh,) [Nomosia] | [Wito k0S| «—s[ Hypoxia |
- / L
Initiation of the Signal ¥ ! R | Ros |
Primary Trigger: The inhalation of saline aerosols coupled with ozone-based procedures generate specific secondary o .- ﬁ SR
messengers: hydrogen peroxide and lipid peroxidation products. T %ﬁs—z‘p

Cellular Recognition: These molecules act as signaling cues, initiating a systematic cascade of intracellular
adaptations.

Key Transcription Factors & Channels

Nrf2 Activation: The pathway stimulates the Nuclear factor erythroid 2—related factor 2, the master regulator of the
antioxidant response and cytoprotection.

HIF-10 Engagement: The process stabilizes the Hypoxia-inducible factor 1-alpha, promoting angiogenesis and
tissue survival under stress.

NF-kB Modulation: Controlled stimuli influence the Nuclear factor kappa B to coordinate adaptive immune
responses.

TRPM2 Gating: The redox shift activates the Transient receptor potential melastatin 2 cationic channel, facilitating
essential ion signaling.

Signal Amplification and Adaptation

Phosphorylation Cascades: Intracellular enzymes amplify the initial signal through systematic phosphorylation
mechanisms.

Cytoprotective Response: The integrated activation of these pathways results in superior cellular resilience and a
primed environment for tissue repair.
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BIOENERGETIC OPTIMIZATION e  clawe
METABOLIC PRIMING: ENHANCING CELLULAR ENERGY CAPACITY Vom [Fitcee, 3T I

Agua NADH Nicotinamida adenin dinucleétido

Mitochondrial Activation
Transcriptional Control: The preconditioning protocol triggers the expression of PGC-1a

Piruvato deshidrogenasa  Enzima

Aconitasa 9 .0
Q2 @

(Peroxisome proliferator-activated receptor-gamma coactivator 1-alpha). %?f fﬂw’i{;@fa e g8 0 0
Biogenesis Regulation: This master regulator drives mitochondrial biogenesis, increasing the z a:g:g
density and functional efficiency of the "cellular power plants.* ¢° e;%e sssﬁggf"ae?gmgmfe °
Krebs Cycle and ATP Modulation B o’
Metabolic Efficiency: The signaling cascade directly modulates the Krebs Cycle (Citric Acid ;; ®e® oot 0 deshidogenase
Cycle), optimizing the flux of metabolic intermediates. ® .
ATP Production: Improved electron transport chain performance leads to a significant ) 6 @ [omwed

increase in ATP synthesis. Al

Energy Reserve: Enhanced bioenergetic capacity provides the necessary "fuel" for the
energy-intensive processes of collagen synthesis and extracellular matrix repair.

Functional Outcome

Preconditioning — Mitochondrial Scaling — Metabolic Readiness.

Result: Cells transition from a state of metabolic stress to a high-energy reparative state,
ensuring a robust response to the subsequent PRP intervention.
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RESULTS - OPTIMIZING THE PRP PROFILE " m
BIOLOGICAL POTENTIATION: ENHANCED GROWTH FACTOR RELEASE I =
BI::I: PRP Angiogenesis
The "Primed" Platelet Profile | — g -
Systemic Enhancement: Preconditioning via Halotherapy optimizes the biological composition of the autologous blood N . ,
prior to processing. sl o3 —
Platelet Activation: The protocol favors a more robust degranulation process, ensuring a higher bioavailability of Plateiets > Terp > E‘é'.'.’;?é;"e.?;.'fr‘;ﬁ“%'; ‘
essential signaling proteins. -
> EGF > [ R
Growth Factor Concentration (Key Mediators) > , Pomesaogmess
PDGEF (Platelet-Derived Growth Factor): Stimulates mitogenesis of mesenchymal stem cells and enhances collagen Bl et
synthesis. | S:.mm?r;z?b_.?sgm
VEGTF (Vascular Endothelial Growth Factor): Promotes angiogenesis, restoring microcirculation within the damaged
joint environment. . .
TGF-B (Transforming Growth Factor-beta): Orchestrates long-term tissue remodeling and inhibits the degradation of |PRP mechanism of action __|
the extracellular matrix. ' ' . N ' '
IGF-1 (Insulin-like Growth Factor-1): Acts as a primary anabolic mediator, driving chondrocyte proliferation and } Fraceion 1 —
proteoglycan production. % Ezgggg § + Profferation
Synergistic Outcomes E:\ftf?rﬁfr;;::ﬂwoantory
Biological Flux: The integration of systemic priming and concentrated PRP creates a peak therapeutic window. . EGF | | action
Tissue Response: The enriched profile initiates a faster transition from the inflammatory phase to the regenerative phase} Cytokines I
Chemokines

in the articular tissue.

| Adhesive proteins |
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Joint inflammation
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Cytokine secretion from tissue
resident cells in joint
(Ex. macrophages and fibroblast-
like synoviocytes)

Inflammatory progression

Cytokine production

(Ex. IL-1p, TNF-u and IL-6) .
“
/

/
/ Chemokine production

/ # (Ex.CCL2,CCL3,CCL4, CCLS, 4

// IL-8 and CXCL12)
/
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Other inflammatory mediators —
(Ex. PGE2 and NO)

IL-1B, TNF-q, IL-6, IFN-y, IL-17,
IL-18, high level of TGF-f

—

Intracellular signaling

>

Chondrocyte \
: = MMPs/ADAMTS production —»| Cartilage degeneration
v (Ex. MMP-1, MMP-3, MMP-9, MMP-13, "
+  MMPS/ADAMTS production ADAMTS-4 and ADAMTS-5) ¥
*  Inflammatory cytokine
production
+  Chondrocyte sencscence,
hypertrophy and apoptosis

Autocrine effects

* Cytokines (IL-1p, TNF-a and IL-6)
+ Chemokines (cCL2, CCL3, CCL4, {
CCLS, IL-8 and CXCL12)

+  ECM production . 3 \
+  Chondrocyte proliferation POz NO.H08

DISCUSSION - CLINICAL IMPLICATIONS
THERAPEUTIC INTEGRATION: TRANSLATING MOLECULAR SIGNALING INTO CLINICAL RECOVERY

Cellular Regeneration and Recruitment

Chondrocyte Proliferation: The synergistic signaling environment actively stimulates the growth and metabolic activity of articular cartilage cells.
MSC Homing: The enriched growth factor profile promotes the recruitment and migration of Mesenchymal Stem Cells (MSCs) to the site of injury.
Tissue Architecture: Enhanced signaling supports the structural restoration of the extracellular matrix, improving joint resilience.

Functional Restoration

Inflammatory Modulation: The activation of Nrf2 and other cytoprotective pathways suppresses chronic joint inflammation, reducing biological wear.
Pain Reduction: The stabilization of the joint environment leads to a significant decrease in nociceptive signaling and chronic pain.

Mobility Enhancement: Integrated therapy results in improved joint lubrication and increased range of motion (ROM).

Clinical Synthesis
Superior Performance: The combination of systemic preconditioning and PRP intervention yields higher functional outcomes compared to conventional treatments.
Sustained Recovery: The metabolic priming ensures a long-term regenerative effect, reducing the frequency of required interventions.
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CONCLUSIONS
A NEW FRONTIER: INTEGRATED REGENERATIVE PARADIGMS

Conceptual Breakthrough

Shift in Methodology: The protocol moves beyond traditional orthobiologics by introducing
Systemic Biological Preconditioning.

Validated Synergy: The integration of Halotherapy and PRP proves that environmental stimuli can
successfully drive internal regenerative potential.

S

(

Core Findings

Integrated Modulation: Success stems from the simultaneous coordination of cellular signaling
(Nrf2, HIF-1a) and energy metabolism (PGC-1a, ATP).

Clinical Superiority: The preconditioned environment actively amplifies growth factor release,
leading to superior tissue function and pain management.

Future Outlook

Precision Medicine: This synergy defines a standardized, replicable model for personalized
regenerative care in osteoarthritis.

Broader Application: The principles of biological priming established here offer a point of
departure for treating other degenerative musculoskeletal conditions.
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