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Purpose Statement

This white paper provides a focused review of biologic interventions commonly described as platelet-derived and
amniotic-derived orthobiologic products. It outlines their biologic composition, proposed mechanisms of action relevant to
post-traumatic musculoskeletal injury, and their appropriate clinical application within evidence-based practice.

The intent is to clarify how and when these therapies may be medically reasonable in cases where conventional treatment
has plateaued or failed to restore functional capacity.

Executive Summary

Platelet-Rich Plasma (PRP) and amniotic allograft (AA) products are orthobiologic therapies used to modulate inflammatory
signaling and support tissue repair through delivery of concentrated growth factors and bioactive mediators.

PRP is autologous and functions primarily through enhanced platelet-derived signaling. AA products contain structural matrix
components, growth factors, and may contain viable or non-viable progenitor cellular elements depending on processing
methods.

These therapies are most commonly considered in cases of:

= Persistent soft tissue or ligament injury
= Degenerative spinal or facet pathology
= Post-traumatic conditions with delayed or incomplete recovery

When properly selected, PRP and AA may improve pain and functional outcomes by augmenting biologic repair mechanisms
in tissues with limited vascularity or regenerative capacity.

Current literature supports potential benefit in specific spinal and facet-mediated pain syndromes, including conditions
associated with whiplash-associated disorder (WAD), though continued research is ongoing to further define optimal
indications and protocols.

These therapies are not positioned as experimental replacement treatments, but rather as biologically rational adjuncts within
comprehensive musculoskeletal care.

Key Findings

= Platelet-Rich Plasma (PRP) is an autologous regenerative therapy utilizing a concentrated platelet fraction derived
from the patient’s own blood, injected into areas of pathology to support tissue repair, reduce pain, and improve
functional outcomes.

= Amniotic/Allograft (AA) products are regenerative biologics derived from amniotic membrane, fluid, or umbilical
cord tissue, formulated to promote healing and modulate inflammatory pathways.

= Both PRP and AA contain elevated concentrations of growth factors and cytokines that may enhance healing
responses when native repair is limited due to trauma, reduced vascularity, or patient-specific factors.

= Both PRP and AA therapies may facilitate recruitment and activation of progenitor cells, supporting tissue
remodeling in ligamentous, tendinous, and facet-mediated pathology.

= AA products may contain viable or non-viable cellular components depending on processing methods; their primary
mechanism is understood to be paracrine signaling rather than structural engraftment.
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= For both PRP and AA current clinical literature demonstrates meaningful improvements in pain and functional
outcomes in appropriately selected patients with spinal and facet-mediated conditions, including presentations
consistent with whiplash-associated disorders.

= Optimal outcomes depend on appropriate patient selection, correlation with objective clinical findings and imaging,
and adherence to established procedural protocols.

Implications

In post-traumatic musculoskeletal injury, particularly following motor vehicle accidents, persistent pain and functional
limitation may result from ligamentous disruption, facet capsule injury, or degenerative acceleration.
In cases where:

= Conservative care has failed,
= Imaging correlates with clinical findings,
= Functional recovery has plateaued,

PRP and/or AA may represent biologically rational interventions aimed at enhancing tissue signaling, improving pain control,
and restoring functional capacity.

When properly indicated, these therapies may reduce reliance on long-term pharmacologic management or more invasive
surgical procedures, thereby supporting both patient-centered recovery and cost-conscious care strategies.

Introduction

Attorneys often serve as advocates for individuals recovering from motor vehicle accidents (MVA), helping coordinate both
legal and medical pathways toward recovery. In this role, clarity regarding appropriate medical options is essential.

Orthobiologics represent a category of biologic therapies used in musculoskeletal medicine to support tissue repair and
functional restoration. These interventions may be used as surgical adjuncts, graft materials, or injectable therapies delivered
directly into injured tissues. 13

Because orthobiologics encompass multiple product categories with differing biologic composition, regulatory status, and
mechanisms of action, the terminology can be confusing, even for medical professionals.

The purpose of this paper is therefore threefold:

1. To clarify the biologic distinctions among commonly used orthobiologic products.
2. To explain their proposed mechanisms in post-traumatic pathology.
3. To provide a balanced framework for evaluating medical necessity in injury-related cases.

The following categories will be reviewed:

= Platelet-Rich Plasma (PRP)

= Platelet-Poor Plasma (PPP)

= Platelet Lysate (PL)

= Platelet-Rich Fibrin (PRF)

= Amniotic Membrane & Fluid-Derived Allografts (AA)
= Wharton’s Jelly Allograft

=  Exosomes
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Overview of Platelet-Derived Biologic Products

Platelet-Rich Plasma (PRP) is an autologous biologic product derived from a patient’s own blood and processed to
concentrate platelets to supraphysiologic levels for therapeutic use. * ® PRP has been studied across multiple
musculoskeletal conditions, including knee osteoarthritis, carpal tunnel syndrome, lateral epicondylitis, rotator cuff pathology,
whiplash-associated injuries, and lumbar spine pain. © 22

PRP is produced by drawing a predetermined volume of venous blood, adding an anticoagulant, and centrifuging the sample
to separate blood components by density. > Whole blood typically contains 150,000-450,000 platelets per microliter; PRP is
generally defined as a concentration reaching approximately 3-5 times baseline platelet levels.® 23

Several PRP subtypes exist, including:

= Leukocyte-rich PRP (LR-PRP)
= Leukocyte-poor PRP (LP-PRP)
= Platelet-poor plasma (PPP)

= Platelet-rich fibrin (PRF)

= Platelet lysate (PL)

Each formulation differs in cellular composition and inflammatory potential, and selection depends on tissue type, pathology,
and treatment objectives. 2* 27

Mechanism of Action

PRP supports tissue repair primarily through concentrated release of platelet-derived growth factors and signaling proteins
that influence inflammation, angiogenesis, and cellular proliferation. 2
As described by Dos Santos et al.:

“Depending on the tissue type and localization, the standard healing process may pose a great challenge, demanding a
prolonged amount of time due to finite blood supply and comparably slower cell turnover. A treatment plan with PRP enables
accelerated neovascularization, increasing blood supply and nourishment of nearby cells. This is essential for cellular
regeneration and the restoration of damaged tissue. Additionally, PRP can also ameliorate other biological events including
recruitment, proliferation and differentiation of cells, which collectively contribute towards adequate healing.” 28

Following injury, the body initiates a coordinated healing cascade involving hemostasis, inflammation, proliferation, and
remodeling.2® 3° Platelets play a central role not only in clot formation but also in regulating tissue regeneration via growth
factor release. 3

Key growth factors released from activated platelets include:

= Vascular Endothelial Growth Factor (VEGF)

= Epidermal Growth Factor (EGF)

= Hepatocyte Growth Factor (HGF)

= Platelet-Derived Growth Factor (PDGF)

= Tumor Necrosis Factor-alpha (TNF-a)

= Transforming Growth Factor-beta 1 (TGF-B1) 28 32

These signaling molecules influence angiogenesis, fibroblast proliferation, collagen synthesis, and extracellular matrix
remodeling. Elevating platelet concentration may amplify these native biologic processes in tissues with limited vascularity or
impaired healing potential.

Cellular Recruitment and Progenitor Signaling

Beyond growth factor delivery, platelet activation initiates chemotactic signaling that may recruit progenitor cells to sites of
injury.2® 31 Experimental data demonstrate increased cellular migration and differentiation toward tendon, cartilage, muscle,
nerve, and bone phenotypes in PRP-treated tissues.33 37

Importantly, the prevailing understanding is that PRP enhances endogenous repair mechanisms via signaling rather than

direct tissue replacement. The therapeutic goal is augmentation of the body’s intrinsic regenerative capacity, not structural
implantation.
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PRP Preparation Methods

PRP preparation typically involves one- or two-spin centrifugation protocols. During the first spin, anticoagulated blood
separates into density-based layers. The upper plasma layer (supernatant) contains platelets and is isolated for therapeutic
use.

A second centrifugation (“double-spin” method) may further concentrate platelets depending on the desired formulation and
clinical indication. 38 Variations in spin duration and force directly influence platelet concentration and leukocyte content.

Appropriate preparation and subtype selection are critical to optimizing tissue-specific effects.

Subtypes of Platelet-Derived Products
Leukocyte-Rich PRP (LR-PRP)

LR-PRP contains concentrated leukocytes in addition to platelets. Leukocytes include lymphocytes, granulocytes
(neutrophils, eosinophils, basophils), and monocytes, which are central to immune and inflammatory responses.3®

Because leukocytes may amplify inflammatory signaling, LR-PRP may be selected in chronic degenerative conditions such
as knee osteoarthritis or tendinopathies, where stimulation of a stronger inflammatory cascade is theorized to restart stalled
healing. *° 42

However, the increased inflammatory response may also result in greater short-term post-injection discomfort compared to
leukocyte-poor formulations.

Leukocyte-Poor PRP (LP-PRP)

LP-PRP is prepared through selective extraction or filtration to reduce leukocyte concentration. This formulation may
generate a less intense inflammatory response and is often selected for intra-articular applications such as cartilage
pathology or chronic pain syndromes. 43 44

Selection between LR-PRP and LP-PRP depends on tissue type, inflammatory burden, and clinical judgment. 2* 42
Platelet-Poor Plasma (PPP)
Platelet-Poor Plasma (PPP) is obtained following further centrifugation and removal of platelet-rich fractions. *¢ Historically
considered a byproduct of PRP preparation, PPP has demonstrated potential benefit in muscle regeneration due to a
comparatively lower TGF-B1 concentration, which may favor myogenic repair. 4
Clinically, PPP may be considered for:

= Muscle injury

= Wound healing

= Soft tissue support and closure 8 51
Platelet Lysate
Platelet Lysate (PL) is an autologous biologic derived from the patient’s blood and processed to release intracellular platelet
growth factors while minimizing intact platelet content. Following centrifugation, platelet membranes are intentionally
disrupted through methods such as ultrasonication, lyophilization, or freeze-thaw cycles (-80°C/37°C), followed by filtration.
52 This process liberates soluble growth factors into the serum without maintaining high platelet counts.
Compared to standard PRP, PL has been reported to contain elevated concentrations of several growth factors, with a

comparatively lower pro-inflammatory cellular profile. °2 Experimental data suggest anti-inflammatory properties,
cartilage-protective effects, and support for tenocyte proliferation. 52
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Because of its reduced leukocyte and platelet content, PL may generate less post-injection inflammatory response. Clinically,
this profile may be considered in scenarios where excessive inflammation could exacerbate symptoms—such as
nerve-related conditions, epidural applications, or hydrodissection procedures. 52 %

As with all orthobiologic interventions, patient selection and anatomical targeting are critical to appropriate utilization.
Platelet-Rich Fibrin (PRF)

Platelet-Rich Fibrin (PRF) is another autologous platelet-derived product created through centrifugation of whole blood
without anticoagulant, resulting in formation of a fibrin-based matrix. % %6

Unlike PRP, PRF forms a structured fibrin clot that functions as a biologic scaffold. The clot mimics aspects of the natural
extracellular matrix involved in wound repair and can be used either as a surgical implant (thicker matrix) or as injectable PRF
depending on centrifugation parameters. % %7

PRF contains growth factors including VEGF, PDGF, and TGF-B1. %°
= VEGF supports angiogenesis.
= PDGF recruits reparative cells.

= TGF-B1 stimulates fibroblast proliferation and extracellular matrix synthesis.

The fibrin architecture enables a slower, sustained release of growth factors compared to PRP, potentially prolonging biologic
signaling within the treatment region. °¢

PRF has been used in dental, dermatologic, and orthopedic applications and may be considered in traumatic injury settings
to support bone, cartilage, rotator cuff, or ligament repair (e.g., ACL augmentation). %6 58

The mechanism is primarily scaffold-mediated growth factor delivery rather than structural tissue replacement.
Overview of Amniotic and Fluid-Derived Allografts
Amniotic Allograft (AA) products are biologic therapies derived from donated human placental tissues, including amniotic
membrane, amniotic fluid, and umbilical cord tissue and/or blood. °° 5° Because these tissues originate from donors rather
than the recipient, they are classified as allografts (distinct from autografts, which originate from the patient).
Amniotic-derived products may be processed into:

= Surgical membrane sheets

= Particulate grafts

= Injectable formulations®®

Processing methods aim to preserve extracellular matrix components, structural proteins, growth factors, and bioactive
peptides while maintaining sterility. &1

AA products contain growth factors, cytokines, and extracellular matrix elements that support tissue repair and modulate
inflammatory signaling. 5°

Some formulations may contain viable or non-viable progenitor cellular components depending on processing and storage
conditions. 2 % However, current understanding suggests that therapeutic benefit is largely mediated through paracrine
signaling rather than long-term cellular engraftment.

Experimental and clinical studies demonstrate recruitment of host progenitor cells and modulation of local immune activity
following AA application, similar to signaling pathways described in PRP literature. 54 67

Despite being donor-derived, amniotic tissues demonstrate relatively low immunogenicity due to reduced expression of

Human Leukocyte Antigens (HLA). 8 ¢° This contributes to a lower likelihood of acute immune rejection, although immune
modulation rather than immune invisibility is the more accurate biologic description.
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Injectable AA products have been reported in musculoskeletal applications including:

= Knee osteoarthritis

= Tendinosis of ankle and foot

= Degenerative spinal and facet pathology
= Cartilage defects

= Hip osteoarthritis

= Rotator cuff disorders
= Lumbar radiculopathy 7° 7

As with PRP, appropriate imaging correlation, clinical diagnosis, and failure of conservative management are essential
considerations when evaluating medical necessity.

Amniotic Membrane and Fluid-Derived Products

Amniotic Membrane and Fluid-Derived Products (AMFDPs) are donor-derived biologic materials obtained either from
amniotic fluid (typically collected during clinically indicated amniocentesis procedures) or from amniotic membrane tissue
collected during cesarean delivery of term pregnancies. 62

Cells isolated from amniotic fluid have demonstrated multipotent mesenchymal characteristics with high proliferative capacity
in laboratory settings. 2 Cells derived from amniotic membrane exhibit phenotypic similarities to adult mesenchymal stromal
cells with favorable expansion profiles.®2

As allografts, AMFDPs are donor-derived rather than autologous. Similar to other amniotic allografts, they demonstrate
relatively low immunogenicity compared to many transplanted tissues. % 7° 72

Depending on processing and storage methods, injectable AMFDP formulations may contain:

= Viable progenitor cells

= Non-viable cellular remnants

= Extracellular matrix components

= Soluble growth factors and cytokines® 8*

Current scientific understanding suggests that clinical effects are primarily mediated through paracrine signaling and immune
modulation rather than long-term cellular engraftment.

AMFDPs contain bioactive mediators including interleukins (IL-1, IL-10), transforming growth factor-beta (TGF-f), and tissue
inhibitors of metalloproteinases (TIMPs), which may contribute to inflammatory modulation, cartilage protection, and
regulation of extracellular matrix turnover. 7

Clinically, these products may be used as injectable biologics or as membrane grafts in surgical or wound-healing
applications.

Wharton’s Jelly Allograft

Wharton’s Jelly is a gelatinous connective tissue within the umbilical cord that functions physiologically as a protective
matrix surrounding fetal vasculature. &

It contains abundant extracellular matrix (ECM) components, including collagen, hyaluronic acid, proteoglycans, and various
growth factors. 8 87 Reported growth factors include insulin-like growth factor (IGF), fibroblast growth factor (FGF),
interleukin-6 (IL-6), VEGF, and TGF-p.% &

Mesenchymal stromal cells have been identified within Wharton’s Jelly tissue. 8¢ # 8° |n vitro studies demonstrate
differentiation potential into neural, myogenic, osteogenic, and vascular lineages.®® 8° However, in clinical injectable
formulations, therapeutic effect is generally understood to arise from extracellular signaling and matrix-mediated biologic
support rather than structural tissue replacement.
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Like other amniotic-derived allografts, Wharton’s Jelly demonstrates relatively low immunogenicity due to reduced HLA
expression, contributing to a lower likelihood of acute immune rejection. 87 % 2

For injectable orthopedic applications, Wharton’s Jelly tissue is processed to remove vascular structures, disinfected, and
prepared through explantation or enzymatic digestion prior to formulation into injectable suspensions. 88, %

Emerging literature reports clinical application in:

= Knee osteoarthritis

= Carpometacarpal joint arthritis

= Rotator cuff pathology

= Labral injuries

= Lumbar and cervical spine pathology
= Plantar fascial tears®,%

As with other orthobiologic interventions, patient selection and anatomical correlation are essential considerations.
Exosomes

Exosomes are nanoscale extracellular vesicles (approximately 30-200 nm) released by many cell types as part of intercellular
communication. 9 1°1

Exosomes derived from mesenchymal stromal cells (MSCs) have been studied in regenerative medicine due to their ability to
transfer bioactive molecules, including proteins, microRNA, mRNA, and other signaling elements, to recipient cells via
paracrine pathways. 101

Experimental research suggests that some therapeutic effects previously attributed to stem cell therapies may be mediated
through exosome-driven signaling rather than direct cellular engraftment. ° 1°1 These signals may influence tissue repair
pathways and inflammatory modulation. 1°2

Exosomes may be delivered via local injection (e.g., intra-articular administration), sometimes in combination with other
orthobiologics such as PRP, or through systemic administration depending on investigational protocols. 1°3 1%4

Preliminary research reports clinical investigation in orthopedic conditions including spinal facet pathology, rotator cuff
disorders, and hip/knee osteoarthritis. 1°° 111

It should be noted that exosome-based therapies remain an area of active investigation, and regulatory frameworks continue
to evolve. Careful evaluation of product sourcing and compliance is necessary prior to clinical use.

Clinical Comparison

Both PRP and amniotic-derived allografts are utilized in patients who have not achieved adequate relief with standard
conservative measures such as:

= Physical therapy

= Pharmacologic management

= Activity modification

= Image-guided corticosteroid injection

Selection between PRP and AA is influenced by biologic considerations, patient preference, logistics, and clinical judgment.
PRP requires venous blood draw and on-site processing, typically taking 30-60 minutes depending on formulation and
equipment. ® Preparation quality may be influenced by patient factors such as systemic inflammation, metabolic health, or
platelet baseline levels. 112 114

AA products, by contrast, are donor-derived and pre-processed, eliminating the need for same-day centrifugation. In
situations where venipuncture is contraindicated, patient tolerance is limited, or time constraints exist, AA may be considered
as an alternative.

Both therapies aim to augment biologic signaling in tissues with impaired healing capacity. Neither should be viewed as a
universal solution; rather, they represent potential adjuncts within a broader multimodal care strategy.
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Real-World Application

In trauma-related conditions such as Whiplash-Associated Disorder (WAD), patients frequently present with elevated pain,
functional limitation, and inflammatory dysregulation. 115 117

Early pain control is critical to enable participation in active rehabilitation, which remains foundational to long-term
recovery.1® 12° Short-term corticosteroid injection may reduce acute inflammation and facilitate engagement in therapy. As
Jull et al. note, “early implementation of effective pain management for those with early moderate to high pain levels is critical
in attempts to lessen the transition to chronicity.” 121

However, repeated corticosteroid injections have documented negative effects on cartilage integrity and joint structures. 24
125 Therefore, after initial stabilization, transition toward biologic therapies such as PRP or AA may be considered to support
longer-term tissue recovery while minimizing cumulative steroid exposure.2?

The existing literature suggests that both PRP and AA may improve pain and functional participation with relatively low
reported adverse event rates.

Rather than replacing established standards of care, these therapies may serve as biologically rational adjuncts within a
comprehensive rehabilitation model aimed at restoring strength, function, and quality of life.

Clinical Implications and Future Directions

Management of patients suffering persistent symptoms following a motor vehicle accident, particularly those with
Whiplash-Associated Disorder (WAD)—remains clinically challenging. Epidemiologic data indicate that recovery is not
universal under standard care. As reported:

“50% of individuals will recover from pain and disability within 3 to 6 months of injury, but the remainder will continue to
report symptoms up to 1 to 2 years or longer after the motor vehicle crash. Of those who do not recover, between 30% and
40% are likely to have persistent mild to moderate levels of pain and between 10% and 20% will have moderate to severe
pain syndromes.” 121

These statistics underscore the need for continued evaluation of adjunctive therapies that may improve recovery trajectories
in appropriately selected patients.

Emerging literature evaluating PRP and amniotic-derived allografts demonstrates improvements in pain and functional
outcomes across multiple musculoskeletal conditions, including spinal and facet-mediated pathology. 12 1* 16 18 19 126 135 \Whjle
further high-quality randomized trials are warranted, the growing body of evidence supports consideration of these biologic
interventions as adjuncts within comprehensive musculoskeletal care models.

Optimal application appears to involve:
= Early appropriate pain control
= Restoration of movement through guided rehabilitation

= Targeted biologic augmentation when recovery plateaus

Rather than replacing established standards of care, orthobiologic therapies may serve as biologically rational adjuncts
integrated into multimodal rehabilitation programs designed to restore strength, reduce disability, and improve quality of life.

Future directions should include:
= Prospective cohort studies
= Randomized controlled trials with standardized protocols
= Longitudinal outcome tracking

= Clear reporting of adverse events and contraindications

Such research will help define ideal patient selection criteria, dosing strategies, and long-term effectiveness.
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Next Steps

For legal professionals representing clients with persistent post-traumatic musculoskeletal conditions, understanding the
evolving role of orthobiologics may assist in coordinating medically appropriate care.

Referral decisions should prioritize:

= Accurate diagnosis with imaging correlation

= Failure of conservative management

= Qualified providers trained in image-guided injection techniques

= Evidence-based integration within a broader rehabilitation strategy

PRP and amniotic-derived biologic therapies may offer additional options for patients whose recovery has plateaued under
conventional approaches. When applied judiciously, these interventions may support functional restoration and reduce
progression toward chronic pain syndromes.

Continued collaboration between medical providers, researchers, and legal professionals is essential to ensure that patient
care decisions are grounded in evolving evidence, clinical judgment, and regulatory compliance.
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