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Learning Objectives

* |[dentify how platelet-rich plasma (PRP) and platelet-poor plasma (PPP) are
made and the technologies used to create protein-rich PRP (PR-PRP)

« Compare the key growth factors in PRP and PPP and their roles in healing
and reducing inflammation

* Explain how PR-PRP supports tissue repair by interacting with cells and
releasing healing proteins over time

* |[dentify key strategies and emerging considerations for optimizing PRP
therapies

PRP = platelet-rich plasma; PPP = platelet-poor plasma; PR-PRP = protein-rich platelet-rich plasma.



#1 NEW YORK TIMES BESTSELLER

Bartolo Colon New York Yankees Pitcher -

PETER DIAMANDIS, M.0. & ROBERT HARIRY, M., PH.D. Shoulder & Elbow Injury
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April 2010, a team of doctors extracted stem cells from fatty !
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igarents. Six weeks later, Colon underwent

another measure intended to : 3 ' v ; ) Adva nced Treatments
edlcal experts at the time insisted there hadn't been enough

studies done to prove a conclusive link between the procedure Y Y : fo r S p o rts I nj u r i e.s

and Colon's seemingly instant results. Nevertheless, by the RAFAEL TIGER STEPH
winter of 2010, he was pitching in the Dominican Republic and NADAL WOO0DS CURRY
drawing attention from scouts who were impressed with his
7 Rafael Nadal had PRP Tiger Woods used PRP to Steph Curry ha
ve]oaty. Colon touted the procedure as a success and went on injections in his knee in 2016,  recover from an ACL 1 MCL sprain an
to become one of the season's best bargains. helping him recover from injury in to help him get PRP therapy to
injury and win the 2017 US back into form and win back into the p
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Lessons from Mayo Clinic’s Regenerative Medicine Consult Service

Several StUdIeS ShOW that CIInIC Table 3. Responses for how patients found out about a SCT for their
websites and social media have condition.

significant misinformation about
?)'::cl':nt\ seékitlg stem cell therapies—a prospective qualitative regenerative med iCine inCl uding — ——

analysis from a Regenerative Medicine Consult Service
Recommended by friend/family 9.9%)

e | | | the |eve| Of Cllnlcal eVIdence’ Healthcare provider referral or existing 103 (19.3%)

Despite patient demand for stem cell therapies (SCTs) for musculoskeletal conditions, there remains limited research on why .. .
Mayo Clinic patient

potients seek SCTs or their sources of information. We employ three questions into a consult intake form: (1) Why are you interested
Social Media, video or TV segment (non-

.
in stem cell treatment for your condition? (2) How did you find out about stem cell treatment for your condition? (3) Have you
contacted a stem cell clinic? Responses analyzed, using a qualitative content analysis approach to identify themes reveal many y

advertisement), etc.,,

patients seek SCTs to treat pain or delay surgery which may align with some current clinical evidence while other patients express
Mayo Clinic Story, Media or 47 (8.8%)

motivations as expected outcomes (e.g. SCTs are better than standard of care or can regenerate tissue) which are not supported by
cument medical evidence. These differences suggests that patient-centered counseling may help patlents by addressing
misconceptions and increasing health literacy about expected outcomes of SCTs for treating musculoskeletal conditions.
Al'th t I Communications
u rs! e a - Stem cell seminar or stem cell clinic 29 (5.4%)
Approximately 50% Of patients Advertisement (TV or print)/non-internet 17 (3.29%)
Clinicaltrials.gov 4 (0.8%)

fOU nd Out abOUt Stem Ce” therapy | am also scientist or healthcare provider 4 (0.8%)
online or with social media Other or undlear response > 05%)

npj |R Responses No. (%) of patients

INTRODUCTION seeking information about regenerative options also actively ask

Orthobiologics are substances derived from the body that are used S, 2 3 tation services'* %2,

10 reduce pain and aid in the repair of musculoskeletal diseases or % medicine consult

injuries. One component of orthobiologic in the form: and
val last

pa
prevalent in use over the ve _interventions

for
highlighted the skewed

ive way to delay surgery

s
and for orthobiologics by the public,
these

statements and

interventions'" As a result, responsible pracitioners have

anempted 1o navigate the difficult task of appropriately translating
rapies despite the absence of clear clinical
applications and the presence of confounding
ims permeating the field.

Kingery, et al. examined websites of 896 clinic practices offering stem cell
therapy for musculoskeletal conditions and found that websites had:

- At least 1 piece of misinformation (96%

« An average of 4.6 statements of misinformation

ment of regenerative
Medicine Consult

Arthurs JR, et al. NPJ Regen Med. 2022;7(1):20. Erratum in: NPJ Regen Med. 2023;8(1):5. Kingery MT, et al. J Bone Joint Surg Am. 2020;102(1):2-9.
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Patients in search of a miracle

cure end up in critical condition.
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Editorial

Direct-to-Consumer Marketing

The Ethics of Snake Oil Sales?

Advertising is based on one thing: happiness. It's the
freedom from fear . . . you are going to be OK!
—Don Draper (Jon Hamm), Mad Men

I waited with anticipation for the start of the Super Bowl;
it promised to be a tight showdown between 2 talented
teams with each quarterback in the spotlight. Because
New England was sidelined before the pla 4

my focus would be on the shrewd commer

$7 million for 30 seconds of airtime and

keep everyone in the OR talking for days after t

Those commercials wittingly target the audi

providing information about products and

the sponsors. The commercials during the

ated with the intention of generating a feverish buzz that
perpetuates the advert vele by keeping the company
at the forefront as people continue to se-
ment long after it was viewed. It's a brilliant strategy for
direct-to-consumer marketing.

DIRECT-TO-CONSUMER MARKETING
BY THE PHARMACEUTICAL AND MEDICAL
DEVICE INDUSTRY

arketing of pharmaceu
medical devices, medical procedures, hospitals, a
ance plans.

The United States and New Zealand are the only coun-
tries in the world that permit direct-to-consumer marketing
of pharmaceuticals.? In 1997, the FDA eased restrictions in
order to permit the pharm:
directly to the consumer;
directed toward physicia
advertisemer

tion, memory loss, exocrine pancreatic insufficiency

list continues to grow. Ironically, the FDA has required
pharmaceutical companies to communicate the potential
side s of the drugs that are being advertised, such as

Keywords: direct-to-consumer; marketing; orthobiologics

The American Journal of Sports Medicine
2023;51(5):1133-1135

DOL: 10.1177/03635465231163567
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marketing expands, th
to the patient and health
The promoters of direct-to-consumer marketing suggest
that as health care cos late, patients are becoming con-
Patients are becoming more engaged
8 nd an educated patient is
ing an informed, shared decision with the pl
toconsumer marketing provides power to the p:
through education and knowl and this can enable
0 di

to-consumer marketing can
nd conditions that can lead

s that were previously beneath the soci-

old for open discussion in an
consequence of direct-to-consumer market-
ing is the overdiagnosis and treatment of patients. The
majority of patients e s ticated medical knowl-

anmmetm information to consumers
include alternative forms of treatment or
options. Through direct-t

may be convinced

the doctor-patient relationship and create a conflict with
ho are reluctant to prescribe the medication.
red to prescribe the med-
engage in a di n regarding alter-
i res such
. This can lead to the ov e and over-
on that creates a true ipti
model with repeated refi i

normal body aches and the natura] aging process that
can lead to the overtreatment of patients with unneces-
y medication.
nge in the FDA regulations in 1997 heralded
a dramatic change in medical marketing in the United

| 3
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The Birth-Tissue Profiteers

How well-meaning donations end up fueling an unproven, virtually unregulated $2 billion stem
cell industry.

HEALTH

How do you separate scientifically sound
stem cell therapies from scams?

By Natalya Ortolano

¥/

For Better Science. Published Dec. 8, 2015. Accessed Sept. 12, 2025. forbetterscience.com/2015/12/08/stem-cell-cures-for-everything-made-in-germany-by-ticeba/ Foster TE.
Am J Sports Med. 2023;51(5):1133-1135. ProPublica. Published May 7, 2019. Accessed Sept. 12, 2025. propublica.org/article/amniotic-stem-cell-treatment-transplant-therapy

Stat10. Published Aug. 18, 2020. Accessed Sept. 12, 2025. statnews.com/2020/08/18/separate-scientific-scam-stem-cell/




Our Societies Expect Providers to Be Able to Discuss
Orthobiologic Treatments

AMSSM & AAOS Position Statements

« Standards of Professionalism obligate us
AAOS AMERICAN ACADEMY OF ORTHOPAEDIC SURGEONS to be able to have frank dISCUSSIOn

AMERICAN ASSOCIATION OF ORTHOPAEDIC SURGEONS

Position Statement regarding biologics, including:
Use of Emerging Biologic Therapies — Explain the evidence-based rationale for
This Position Statement was developed as an educational tool based on the opinion of S U Ch treatm e ntS

the authors. It is not a product of a systematic review. Readers are encouraged to

consider the information presented and reach their own conclusions. — AVO | d p a‘t' e nt m Ot | Vat| O n S th at a re n Ot

The increasing use of biologics to try to improve outcomes for orthopedic patients presents new d b 1 d
questions of safety and effectiveness for those products. As we note in the statement S U p pO rte y eVI e n Ce
“Innovation and Novel Technologies in Orthopaedic Surgery,” surgeons must be aware of the

scientific basis for the different treatment options available to their patients, including the — G u a rd ag a i nst CO m m e rCiaI motivati O n S

benefits and risks. Biologic therapies vary widely with regards to the requirements for evidence
of safety and effectiveness needed for clearance by regulatory bodies, including the US Food

and Drug Administration (FDA). Not all biologic products require extensive FDA regulation, - Consider hOW th ese prOCGd u reS fit i ntO the

and in some cases, the FDA has primarily focused on safety concerns and has ceded

responsibility for determining the efficacy of these products to the clinician. b road e r treatm e nt a I g 0 rith m

The American Academy of Orthopaedic Surgeons (AAOS) believes that surgeons

should be cognizant of the risks, benefits, regulatory status and labeled indications of = If th e d e Cl S | O n |S m a d e to p e rfo rm a n

the products they use.

For all products, but particularly those which the FDA does not critically evaluate effectiveness (@) rth (@) b | (@) I Og |C p roced ure , th en th e I east

data, clinicians bear a greater responsibility to independently weigh that evidence. This

responsibility also extends to off-label use of FDA-regulated products, and cases where the A o A
devices used to create or deliver the biologic product, rather than the product itself, are what | nvaS |Ve y Safest, mOSt COSt'eﬁeCtlve
has been approved by the FDA. It also applies to cases where a manufacturer believes they

are exempt from certain FDA regulations without formal review of exemption, such as the so- 1 .g
called 361 exemption for human cell and tissue products. In all of these examples, the treatment Wlth the hl heSt Ievel Of
clinicians using these biologic products need to be particularly careful to weigh the available

evidence and conduct shared decision-making with the patient in the informed consent eV| d e n Ce S h O U Id be I m p I e m e nted fl rSt

process.

American Medical Society for Sports Medicine
Position Statement: Principles for the Responsible
Use of Regenerative Medicine in Sports Medicine
%D.'ﬂt and
ooy Pirocuing regmeratve medno Ito Bor practo
jcs are a complicated topc and have produced widely varying
icans, scentists, patient advocacy organizations, and the media

aiso exctement about the potential benefts with growing evidence
tal condibons. Sports

tions. This information should be considered when formulat-
ing a treatment algorithm,

Although there is strong interest among patients for re-
generative medicine to treat orthopedic and sports-related
conditions, the provider must explain the evidence-based
rationale for such treatments and avoid patient motivations that
are not supported by evidence." Similarly, the provider must
guard against the potential to be unduly influenced by internal
and external commercial motivations when completing their
evaluation of the scientific support for a given procedure,

The j i state “An orthopaedic surgeon, or his or her
qualified designee, shall present pertinent medical facts and recommendations to, and

The AAQS Standards of Professionalism state “An orthopaedic surgeon, or his or her

benefits 4 qualified designee, shall present pertinent medical facts and recommendations to, and

obtain informed consent from, the patient or the person responsible for the patient.”
limited, o{ The mandatory standard obligates surgeons to disclose any products that may be used
participatq during the episode of care and engage in frank discussion regarding the risks and
fgf;i’:lsst benefits of biologics when they are part of that episode of care.

and report]

For any p

Finnoff JT, et al. Clin J Sport Med. 2021;31(6):530-541. AAOS. Position Statement: Use of Emerging Biologic Therapies. Revised Sept. 2020. Accessed Sept. 12, 2025. chrome-
extension://efaidnbmnnnibpcajpcglclefindmkaj/https://www.aaos.org/globalassets/about/position-statements/1187-use-of-emerging-biologic-therapies-updated2020. pdf



What's the Evidence?

1954 2024:1,660

2025 (PubMed search)
« 18,6465 “platelet-rich plasma” articles published to date



2025

What's the Evidence?

Bensa, et al.

Systematic review
* Review performed on |IA inj of CS, HA,

PRP, and cell-based therapies for knee OA
E— ,P r [--- Table 1. Number of studies, study design, and number of patients for each injectable product type. I n Cl u d ed a | I CI i n ical Stu d ieS (at Ieast 6
- 1 N. studies
Injectable prod (N. patients) RCT C i Case seri i i
0PINION Cnsjeda e product pa1t|:2nts = ompz‘:)rahve asegszerles patlents) Of any |eve| Of eVIdence
(11,245) (5,700) (2,700) (2,845)

onboon prse =] Results

rerer——1 ts17a (6357 @23 385 » 766 studies analyzed (75,834 patients)

Corticosteroids, hyaluronic acid, platelet-rich plasma, and cell-based therapies for (7,553) (1,813) (2,007) (3733)

knee

evidence: a systematic revie

eoarthritis - literatu

« 401 RCT

Outcomes
| I  PRP showed comparable short-term

rends are shifting in the injectable treatments

d expertiopinics CS: corticosteroids, HA: hyaluronic acid, PRP: platelet-rich plasma, RCT: randomized controlled trial.
expe n

Alessandro Bensa*®, Luca Bianco Prevot?, Giacomo Moraca®, Alessandro Sangiorgio®, Angelo Boffa®
and Giuseppe Filardo*™®
*Service of Orthopaedics and Traumatology, Department of Surgery, EOC. Lugano, Switzerland: *Faculty of Biomedical Sciences, Universith della
Svizzera haliana, Lugano, Switzerland; Residency Program in Orthopedics and Traumatology, University of Melan, Mitan, ftaly; “Dipartimento di
Ortopedia e Traumatologia, IRCCS Ospedale Galeazzi - 5. Ambrogio, Milan, Htaly; “Dipartimento di Scienze Blomediche e Neuromotorle, Alma Mater
Studiorum Universita di Bologna, Bologna, Italy 0
Conclusions: The evidence on injective knee OA treatments is increasing at different speeds with 3 more
rapidly growing fiterature focusing on orthobiologics. Currently, HA has the largest evidence, followed by

PRP that recently surpassed the number of studies evaluating CS. Cell-based therapies are also growing 'I l u | ﬂ "I ‘ II | H ‘L ‘lﬂ }\l"

rapidly, athough the number of studies s il lower. The rapid iterature shift toward orthobiologics urges 0

Introduction: The aim of this systematic review was to quantify the data available on corticosteroids
(CS), hyaluronic acid, (HA), platelet-rich plasma (PRP), and cell-based therapies for knee ostecarthritis
(OA) treatment.
Methods: A fiterature search was conducted on PubMed, Cochrane, and Web of Science according to
the PRISMA guidelines. Inclusion criteria: clinical studies of any level of evidence, written in English,
evaluating the intra-articular use of CS, HA, PRP, or cell-based therapies for knee OA treatment
Results: The initial search identified 17,415 records. A total of 766 studies from 1950 were included. OF
se, 401 were randomized controlled trials {RCTs), 110 comparative studies, and 255 case series, for
a total of 75,834 patients. (11,245 treated with CS, 40,862 with HA, 16,174 with PRP, and 7,553 with cell
based therapies). The number of placebo-controlled RCTs remains limited and a negligible percentage
of stud tigated possible disease-modifying effects of these treatments for knee OA.

results to CS but provided better results
at mid- and long-term follow-ups,
exceeding the MCID

() e b

= e — Currently, HA has the largest evidence
Y, g :
1. Introducti commonly used products In the dinical practice, with platelet-

rich plasma (PRP) becoming an increasingly more available option

followed by PRP

Knee osteoarthritis (OA) has a global prevalence of 23% among

individuals aged >40years and is constantly increasing, repre-
senting a considerable global burden [1-4]. Patients experience
symptoms such as pain, swellog, and functional lmation, with

followed by the newer cell-based therapies. CS have been used for
decades in the treatment of symptomatic knee OA, exploiting the
antiinflammatory and immunosuppressive effects to target the
Joint mﬂmnnamcy process leading to sy-vaxaman( tolef (10-13],

a considerable impact on their quality of life (5],
treatments of knee OA entall we.qm loss, gnyml therapy, diet
and drugs
'Nww [6.7). When these strategies fail to provide satisfactory
tesults, intra-articular injections are a common option in the
dlinical practice to provide benefits and delay the need for
more invasive and expensive surgical solutions.
Injective treatments aim to provide clinical improvement by
restoring joint homeostasis through the direct |
of therapeutic products [89]. This maximizes the intra-articular
product concentration, optimizing its therapeutic potential while
minimizing systemic exposure and related side effects (9]
Corticosteroids (CS) and hyaluronic acid (HA) are the most

guidelines for knm OA management (14-17) Hcvm-wr their
results are suboptimal, with recent evidence showing that the
clinical effect is perceivable by patients only up to 6 weeks [18].
HA represents another widely used injective option thanks to its
ability to provide joint lubrication and shock absorbency with
documented benefits In terms of pain relief and functional
improvement [19]. Nonetheless, HA is not currently supported
by the same level of recommendation as CS across the guidelines
proposed by international societies 1417 and recent evidence
demonstrated a lack of superiority in terms of pain relief and
functional improvement both at short- and long-term follow-ups.
compared to CS [20L This fostered the emergence of new

TACT N s @ s essseucch O Sevice o Ohaccs s Tumiloy, Oeprnen o S, £0C Vi Terete 4 gm0
Swtzerand

1l l.n- bl “'” l‘

teonerods @yahwnmi ®Platlevich plasma BCelbased theapics

Cumulative number of studies per year focusing on at least one group of patients treated with corticosteroids (yeliow), hyshronic acid (blue), platelet-rich
plasma (red), or cell-based therapies (green) and percentage of the total number of studies published on each product per year of publication.

Blue=HA; Red=PRP; Yellow=CS

PRP recently surpassed the number o
studies and patients evaluating CS for
KOA

Published RCTs focusing on PRP exceeds
CS

IA = intra-articular; CS = corticosteroid; HA = hyaluronic acid; OA = osteoarthritis; MCID = minimal clinically important difference; KOA = knee osteoarthritis.



Human Cell and Regenerative Therapy Products

Bone Marrow Derived Adipose Derived

' \ / N\

Culture Expanded Same Day/Same Procedure Autologous Fat

Same Day/Same Procedure Autologous

Concentrated Bone Marrow (BMAC) e Clinically unavailable in US without a =
i < ; Microfragmented Fat or ‘ Enzymatic Digestion
e Multiple FDA 510k cleared devices used to prepare biologics license application (BLA) Nanofat Stromal Vascular
e Requires IND to use as part of a clinical
product (some via off label use} trial, ** e Lipoaspirate mechanically Fraction “SVF”*

* No clear evidence of tissue regeneration in carti-

lage, but possibly in bone e Multiple RCTs demonstrate pain relief

n
T h e F I e I d Of e Early clinical trial evidence suggestive of pain relief for knee osteoarthritis out to 1 year

when injected in joints for osteoarthritis with no tissue regeneration evidence

- T for surgical use ** collagenase
egen er a l Ve e l CI n e * Contains few mesenchymal stem cells (MSCs) but ¢ No enzymatic separation * Contains MSCs and
ARy RTOWE (Rota 5, Eviokias ard Dt coll 56 Umbilical Cord Blood e Cells remain with native several other cell
naling molecules

I S B road er th an J u St P R P +  Often used via single cord blood unit adipate tsaie $ypes

e Requires FDA IND or

sized, shaped and rinsed e Cells enzymatically
for therapeutic use ‘

separated from raw
e FDA 510k cleared devices | lipoaspirate using

or can be culture expanded

Autologous Peripheral Blood Progenitor Cells

Cells collected via apheresis once mobilized from
the marrow via GCSF* stimulation

Not approved for orthopedic use
Requires FDA BLA when culture
expanded

BLA

e Limited clinical availability
e  Currently in late phase clinical trials

Pharmaceutically Manufactured ¢cGMP Products

Amniotic Tissues
e Autologous Culture Expanded Chondrocytes

(ACl) (MACI) (MACT)

market used as graft or injection e Some MSC products already approved for certain
¢ Noinjection therapy with FDA BLA A indications in Europe and Asia
e Studies to date show few viable MSCs e Induced Pluripotent Stem Cells (IPSCs)

in most tested products, but other e  Extracellular Vesicles (EVs) and other cell-derived
possibly biologically active factors products

Multiple ti duct th
Platelet Rich Plasma (no MSCs) 2 B e

* Clinical evidence of pain relief in joints

e Pain relief and improved healing in certain tendon
applications

* Often misleadingly marketed as venous stem cells

I

Venous/Blood Derived

Perinatal Products Allogeneic MSC Sources



Outline

Background of Orthobiologics
Platelet-Rich Plasma Injections
Bone Marrow Concentrate
Microfragmented Adipose Tissue
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History of PRP

e MFS added PRP to bone grafts Kim Kardashian receives Vampire facial
PRP was initially developed accelerating rate of bone on Keeping up with the Kardashians
for transfusions formation ,

2006
|
|
—_—
-giemdici!m‘_
(S
ooa kil
CT surgery uses PRP to Mishra and Pavelko publish first PRP articles and
accelerate sternotomy PRP study on MSK application, applications continue to
healing in Italy chronic elbow tendinosis, in Am J expand

Sports Med



MSK/Ortho Applications for Orthobiologics

A
\

Fracture

Ligament Intra-discal :
Non-union



Traditional Orthopedic Approach

Adaptive Reactive Tendon
Remodeling Tendinopathy Disrepair




Traditional Orthopedic Approach

Adaptive Reactive Tendon
Remodeling Tendinopathy Disrepair




Treatments available for tendon disease have continued
to develop, and a multitude of therapies are available that
are supported by varying degrees of clinical evidence.

» Percutaneous needle fenestration and tenotomy Radiofrequency ablation/TOPAZ coblation

» Sclerotherapy * Minimally invasive ultrasonic energy debridement
tool

+ Platelet-rich plasma (PRP)

« Autologous blood

* Prolotherapy
« High-volume injections (hydrodissection)

« Sodium hyaluronate/viscosupplementation

. Percutaneous pulley release * Bone marrow-derived stem cells (BMA or BMAC)

* Micronized adipose-derived stem cells (MFAT)

Extracorporeal shockwave therapy
» Cryopreserved human amniotic membrane

Barbotage for calcific tendinopathy

MFAT = micronized adipose-derived stem cells.



ACUTE INFLAMMATION
* Vascular changes
* Neutrophil recruitment
» Mediators

RESOLUTION

* Clearance of injurious stimuli

« Clearance of mediators and acute
inflammatory cells

* Replacement of injured cells

* Normal function

* Infarction
* Bacterial infections

Progression Healing

Healing

Pus formation (abscess)

Healing
« Viral infections

FIBROSIS

. Pers?stent injuw
. o dice * Loss of function

allseing .
CHRONIC INFLAMMATION
* Angiogenesis
* Mononuclear cell infiltrate
* Fibrosis {scar)

© Elsevier. Kumar et al: Robbins Basic Pathology 8e - www.studentconsult.com

The holy grail of tendon treatment is finding a way

Proliferative phase

Inflammatory phase A Maturation phase

e . Collagen
accumulation
* Remodeling

Wound
contraction
T

10

Granulation
tissue
T

1

Inflammation

0.1 0.3 3

Time (days)

30 100

Figure 3. Phases of wound healing.
Adapted with permission from [7e].

to regenerate injured tissue to its original state.



ACUTE INFLAMMATION RESOLUTION
* Vascular changes
* Neutrophil recruitment
» Mediators

* Clearance of injurious stimuli

inflammatory cells
* Replacement of injured cells
* Normal function

* Infarction
* Bacterial infectio
* Toxins

* Trauma

Progression

Tendon Injury to
an Acute Injury

e

« Viral infections

* Chronic infections
* Persistent injury FIBROSIS

* Autoimmune diseases * Loss of function

Healing

CHRONIC INFLAMMATION
* Angiogenesis
» Mononuclear cell infiltrate
* Fibrosis {scar)

© Elsevier. Kumar et al: Robbins Basic Pathology 8e - www.studentconsult.com

The holy grail of tendon treatment is finding a way
to regenerate injured tissue to its original state.

* Clearance of mediators and acute

Proliferative phase

Inflammatory phase A Maturation phase

« Collagen
accumulation
* Remodeling
8 Granulation < | Wound
Inflammation 5 ;
tissue contraction
T T T T T
0.1 0.3 1 3 10 30 100
Time (days)

Figure 3. Phases of wound healing.
Adapted with permission from [76].




to regenerate injured tissue to its original state.

ACUTE INFLAMMATION
* Vascular changes
* Neutrophil recruitment
» Mediators

RESOLUTION
* Clearance of injurious stimuli
* Clearance of mediators and acute
inflammatory cells

* Infarction
* Bacterial infectio
* Toxins

* Trauma

Progression

Tendon Injury to
an Acute Injury

Proliferative phase

e

Inflammatory phase /P_Muration phase
AR S
Healing
« Viral infections
* Chronic infections
* Persistent injury FIBROSIS
* Autoimmune diseases « Loss of function
CHRONIC INFLAMMATION
*Angiogenesis + Collagen
* Mononuclear cell infiltrate accumulation
* Fibrosis (scar) * Remodeling
© Elsevier. Kumar et al: Robbins Basic Pathology 8e - www.studentconsult.com o -
Inflammation : ranulation Wound ]
tissue ’ contraction
0.1 0'.3 ; 3 1I0 3IO 1(I)0
Time (days)
n L} L} L}
[he holy grail of tendon treatment is finding a wa
Adapted with permission from [76].




Healing Cascade

ACUTE INFLAMMATION
 Vascular changes

RESOLUTION

* Chronic infections
* Persistent injury
* Autoimmune diseases

* Fibrosis (scar)
Elsevier. Kumar et al: Robbins Basic Pathology 8e -

PLATELET RICH PLASMA (PRP)

Healing through 3 phases

Inflammation
Proliferation
Remodeling

Cytokines and growth factors
released from PRP are known
to affect the basic metabolic
processes in soft tissues of the
musculoskeletal system such as
tendon, ligament, and muscle

Macrophage

__ Fibroblasts

Collagen Accumulation

S r I 14 21 28 35...
Time Post-Injury (days)

.....................................




Traditional Orthopedic Approach

Adaptive Reactive Tendon Dlsrepalr

Remodeling Tendinopathy  Failed Healing

Degenér* ‘ :
Percutaneous tenotomy R

Platelet-rich plasma
RFA coblation ~

Ultrasonic debridement/
‘ Vacuum-assisted PNT  Prolotherapy

Shockwave therapy MFAT

BMAC

RFA = radiofrequency ablation; BMAC = bone marrow aspirate concentrate.



T
When to Consider Orthobiologics

Patients who

» Failed conservative management
AND
« Contraindication TO Surgery
« Buying time until definitive
treatment is more appropriate
« Patient preference

Patients in the orthopedic treatment gap



Matching the Treatment to the
Underlying Tendon Pathology




Matching the Treatment to the
Underlying Tendon Pathology

Lateral epicondylitis due to a
high-grade common extensor tear



Matching the Treatment to the
Underlying Tendon Pathology

Lateral epicondylitis due to a Lateral epicondylitis due to a
high-grade common extensor tear tendinopathy of the common
extensor tear



Matching the Treatment to the
Underlying Tendon Pathology

Lateral epicondylitis due to a Lateral epicondylitis due to a
high-grade common extensor tear  tendinopathy of the common
extensor tear



Matching the Treatment to the
Underlying Tendon Pathology

Lateral epicondylitis due to a Lateral epicondylitis due to a
high-grade common extensor tear tendinopathy of the common
extensor tear



What, Exactly, Is PRP?

FDA definition of PRP: An autologous blood product with a higher concentration
of platelets than baseline values

e = Platelet Counts
| « Whole blood 150-400,000 mm?3
« FDA defn PRP >250,000 mm3

. " Q
- s - \\'}
- .
*
thrombin - pseudopods
thrombin activation — L open canalicular system
: . . : , lycoprotein receptor — mitochondrion
Peripheral blood smear in normal blood. Peripheral blood smear of platelet rich plasma. glycop P
growth factors cytoskeleton
Figure 1. Difference between whole blood and platelet-rich prolotherapy. Top left, cell ratios in a normal o - granule membrane skeleton
blood clot. Top right, cell ratios in platelet-rich plasma. Bottom left, peripheral blood smear in normal 9 deens: garaf'nf:lee -

blood. Bottom right, peripheral blood smear of platelet-rich plasma.
PLTS, platelets; RBC, red blood cells; WBC, white blood cells

Alderman D, Alexander R. Pract Pain Manag. 2011;11(8).



What, Exactly, Is PRP?

PLATELET RICH PLASMA (PRP)

Fibroblast Growth Factor Beta
+ Effects tissue repair
+ Promotes cell growth
+ Collagen production
A
( \
D
( Released by)

Insulin Factor
- Protein synthesis
* Regulates cell growth

Platelets

Transforming Growth Factor Beta
« Effects vascular endothelial cells
« Promotes cell proliferation

= Promotes angiogenesis

B
i |:|: .
4

Platelet Derived Growth Factor
Macrophage activation and angiogenesis
Fibroblast chemotaxis and cell proliferation
= Enhances collagen synthesis

Epithelial Growth Factor
= Effects cellular proliferation
« Epithelial cell differentiation
+ Promotes angiogenesis

r’/
a
Vascular Endothelial Growth Factor
« Promotes angiogenesis
« Influences cell migration
+ Indirectly effects vasodilation

thrombin pseudopods
open canalicular system
mitochondrion
cytoskeleton

membrane skeleton
dense granule

thrombin activation
glycoprotein receptor
growth factors

« - granule

GF = growth factor.

PRP contains cocktail of cytokines
and growth factors to promote/restart
the healing cascade

Aim is to deliver a concentrated pool of
platelets to the site of injury that then release
proregenerative growth factors (GFs) and
cytokines

GFs released by platelets have been shown to

have proregenerative functions in vitro,
including
Promoting stem and progenitor cell
Proliferation and recruitment
Modulating inflammatory responses
Stimulating angiogenesis




How Is PRP Made?

PRP INDUSTRY SESSION - IMCAS PARIS - 30 Janvier 2020

Single donor of blood

- & » ¢ . .I - .‘
TEREEEL
. > B ki . - &

_— e

C—

120 cc blood draw
— 3

o




Not All PRP Is the Same

Variables Affecting Efficacy

* Preparation/technique

Platelet count
Bioformulation/leukocyte count
Platelet activation

Local anesthetic (decreased
function/aggregation)

# of injections (1,2,3)
Diagnostic accuracy
Procedural accuracy (guidance)

 Others

Age, sex
Medications: NSAIDs, aspirin

Drugs: Tobacco (increased platelet
aggregation), alcohol (reduced activation)

Diet: Saturated fat/sugar (increased
aggregation), caffeine (reduced activation)

Comorbidities

Stress (hormones increase aggregation
and factor release)

Recent exercise



Variability in PRP

Orthopaedic
Journal of

Sports

Me,!:

Original Research

Analysis of Platelet-Rich Plasma Extraction

Variations in Platelet and Blood Components
Between 4 Common Commercial Kits

Jane Fitzpatrick,"** FACSP, MBBS, Max K. Bulsara,® PhD, MSc, BSc(Hons),

Paul Robert McCrory," PhD, FFSEM, FACSP, FRACP, MBBS,

Martin D. Richardson, ¥ FRACS, MBBS, MS, and Ming Hao Zheng,** PhD, DM, FRCPath, FRCPA
Investigation performed at the University of Western Australia,

Crawley, Westem Australia, Australia

ol musclo njury,
and osteoarthritis. However, there is variation in methods of extraction, and this produces different types of PRP. o
Pumpose: To determine position of PRP obtained from 4 Kits, which would alow assessment of
i systems used n ty compar

Study Design: Controlled laboratory study.

Methods: Three normal adults each donated 181 . of whole bload, some of which served as a control and the remainder of
which was processed through 4 PRP separation kits: GPS il Biomet Biologics), Smant-Prep2 (Harvest Terumo), Magellan
(Arteriocyte Medical Systems), and ACP (Device Technologies). The resuitant PRP was tested for platelet count, red blood cel
count,.
obtained from a blood gas autoanalyzer machine.

Results: Three Kt taking samples from the *buffy coat layer* were found o have greater concentrations of platelets (3-6 times
baseline), while 1 kit taking i ly 1.5 times baseline. The same 3

leukocytes, and
monocytes. platelets tothe
crate usedin Interestingly, an o with 310 6 times greater

than baseline levels, was found in all samples.
Conclusion: This study reveals the variation of blood components, including pltelets, red blood cels, leukocytes, pH, and gu-

TABLE 1

Commercially Available Kits for the Production of Platelet Products®
Device Name Company Name of Product Comments
GPS 111 Biomet Platelet-rich plasma Tested
SmartPrep2 Harvest Platelet-rich plasma Tested
Magellan Arteriocyte Medical Platelet-rich plasma Tested
Angel Sorin Platelet-rich plasma Not available for testing
CS Genesis Platelet-rich plasma Not available for testing
ACP Arthrex Autologous conditioned plasma Tested
PRFM Fibrinet System Cascade Platelet-rich fibrin Not tested, fibrin membrane
PRF and Vivostat Choukroun's Platelet-rich fibrin Not tested, fibrin membrane
BMAC DePuy Platelet-rich plasma and stem cells Not tested, bone marrow
Cell saver-based systems Electa, Several Pure platelets Not tested, volume required >200 mL

Haemonetics, CATS, BRAT

Caption Not yet marketed  Pure platelets Not tested, not available

Total

12 companies

4 tested

“Table derived from Engebretson et al.'®

qu s
o o

Cli 24 t
clir &~

Ke

=

il @ d
sy .
whi

e E
- S 4 >
@ 2

e o
™ @ b
ool o
o™ g i
— o r—

o

Control ACP GPS SmanPrap Magellan

Total White Blood Cell Count x 10%L

a0

30

20

10

Control ACP GPS

SmartPrep  Magellan

Neutrophils » 109L
10
L

Control ACP

GPS SmartPrep Magellan

Platelets

WBC

Fitzpatrick J, et al. Ortho J Sports Med 2017;5(1):2325967116675272.

Neutrophil

Different PRP systems utilize
different preparation protocols and

can produce different neutrophil,
lymphocyte, and monocyte cell
ratios

PRP INDUSTRY SESSION - IMCAS PARIS - 30 Janvier 2020

Single donor of blood

by
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Dosing PRP

Dosing Response Curves

Increasing effect

A no-effect range | range of increasing | maximum
effect with effect range

increasing dose ,'_

“Clinical PRP”

Increasing dose




Dosing of PRP for Soft
Tissue Pathology

Zﬁ biomedicines

02O GHE @
No significant O @
outcomes @@ @

@0©

Study PRP PRP Dose Bioformulation
Identifier Application x 107 Platelets LP/LR
Non-significant outcomes
biomedicines MDPI 1 Rotator cuff repair 0.55 LP
- 2 Lateral epicondylitis 0.60 LP
= 3 Rotator cuff repair 1518 LP
e 5 5 3 g 4 Patella tendinopathy 0.663 LP
Angiogenesis and Tissue Repair Depend on Platelet Dosing and = “““:m“; k:nd‘iltup i 0750 e
Bioformulation Strategies Following Orthobiological 6 Rotator cuff repair 0.701 Lp
Platelet-Rich Plasma Procedures: A Narrative Review 7 Achilles tendinopathy 0.875 LP
Peter A. Everts ¥2+0), José Fibio Lana >3, Kentaro Onishi ¢, Don Buford %, Jeffrey Peng ¢, Ansar Mahmood 7, 8 Shoulder soft tissue 1312 LR
Lucas F. Fonseca *0, Andre van Zundert *© and Luga Podesta 9 Achilles tendinopathy 1313 LP
10 Achilles tendinopathy 1462 LR
11 Rotator cuff repair 1575 LP
™ 12 Achilles tendinopathy 2430 LR
13 Lateral epicondylitis 3037 LR
14 Achilles tendinopathy 3125 LR
Intversity School of Medicine, Significant outcomes
s ose, CA 95128, USA, pengstans i S :
7 Deparmmentof T s Orivpandic Sy, Uity Hospil,Sirminghm 1S 20W, UK 15 Lateral epicondylitis 2454 LR
F— 16 Rotator cuff repair 3000 LR
R She il DA, Bl 17 Lateral epicondylitis 3877 LR
d Women's Hospital, Brisbane and 18 Ulnar collateral ligament 3900 LR
19 Lateral epicondylitis 4500 LR
check for 20 Lateral epicondylitis 4500 LR
Updates o S i i ;
S 21 Rotator cuff surgical repair 8100 LR
following chronic disturt ling and degene 22 Patellar tendinopathy 5100 LR
wized by a igh mumber ofinflaromak 23 ACL repair 4500 LR
of inflammatory 1 r necrosis factor-a (TNF 24 Plantar fasc 3500 LP
presence of mastcll, T cell,reactive axygen species, and matrix metalloproteinases; and a decreased ; Epe
Tk opecr M s el it cakope tboblogal e 25 Rotator cuff repair 5.275 LR
let-rich plasma (PRP)) improve tissue repair and reg There
1 the market. Unfortunately, they differ in platelet n
composition, and bioformulation. PRP is a plate o isting of a hig]
of platelets, with or without ce t-derived growth factors (PGFs) cytokines
ells. Several PRP products have immunomodulatory capacities that can
in a diseased microenvironment, inducing tissue repair or regeneration.
Generally, PRP is a blood-derived product, regardless of its platelet number and bioformulation,
and the literature indicates both positive and tient treatment outcomes. Strangely, the
fiterature PRP prop: s that can p contribute to
tissue repaic Moreover, the literature scarcely addresses the impact of platelets and leukocytes in
[oMOoM Significant | @
R outcomes @ @
e ® 6 & 0 0O ®
~ccm - Platelet Dose x 10° !
0.5 1 1.5 2 2.5 ‘ 3.5 B 4.5 5.5 6 6.5 7.5 8 8.5 9

Everts PA, et al. Biomedicines. 2023;11(7):1922.

Everts (2023)

Narrative review

* Overview of some significant
and non-significant treatment
outcomes following PRP
applications in soft tissue MSK
disorders with emphasis on
platelet dose and bioformulation

Studies 1-14 (black) were not
significantly different when
compared with control groups
(platelet doses were less than
1.5x10° platelets)

Studies 15-25 (blue)
demonstrated a positive
outcome (platelet dose was
generally higher than 3.2x109)




The injected dose of platelets should be measured in
billions or millions of platelets and categorized as
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standardising PRP use and a
retrospective application of available

devices

J Magalon,"? A L Chateau,"? B Bertrand,®

J Veran,' F Sabatier'?

ABSTRACT

Backgroundfaim: Significant biological differences in
platelet-rich plasma (PRP) preparations have been
highlighted and could explain the large variability in the
clinicel benefit of PRP reported in the literaiure. The
scientific community now recommends the use of
classification for PRP injection; however, these
classifications are focused on platelet and leucocyte
concentrations. This presents the disadvantages of (1)
not taking into account the final volume of the
preparation; (2) omitting the presence of red blood
cells in PRP and (3) not assessing the efficiency of
production.

Methods: On the basis of standards classically used
in the Cell Therapy field, we propose the DEPA (Dose
of injected platelets, Efficiency of production, Purity of
the PRP, Activation of the PRP) classification to extend
the characterisation of the injected PRP preparation.
e retrospectively applied this classification on 20 PRP
preparations for which biological characteristics were
available in the literature.

Results: Dose of injected platelets varies from 0.21 to
5.43 billion, corresponding to a 25-fold increase. Only
a Magellan device was able fo obtain an A score for
this parameter. Assessments of the efficiency of
production reveal that no device is able to recover
more than 90% of platelets from the blood. Purity of
the preparation reveals that & mgjority of the
preparations are contaminated by red blood cells as
only three devices reach an A score for this parameter,
corresponding to a percentage of platelets compared
with red blood cells and leucocytes aver 90%.
Conclusions: These findings should provide
significant help to clinicians in selecting a system that
meets their specific needs for a given indicafion.

M L Louis,* A Silvestre,® L Giraudo,

What are the new findings?

= Dose of injected platelets varies from 0.21 to
5.43 billion, depending on the evice used.

= Efficiency of the platelet-rich plasma (PRP) prep-
arafion does not reach 90% of platelet recovery
no matter which device is used.

= Some available devices furnish more red blood
cells than platelets in their PRP.

" . SERE
a variety of indications’ ~ and more

cently
controlled studies have demonstrated less-
favourable resuls’ * A common point
bhetween these studies is the lack of biological
characterisation of the content of the PRP
used as therapy product

Marx,” first described PRP as a suspension
of platelets in plasma, with the plat
centration being higher than the concentra-
tion in the original blood collected. Dohan
Ehtenfest et al’ 7 introduced the notion of
leucocyte-rich PRP (LR-PRP) characterised
by a leucocyte concentration higher than the
whole  blood  baseline  leucocyte level,
whereas leucocyte-poor PRP (LP-PRP) or
Pure PRP includes a leucocyte concentration
lower than in whole blood. Accordingly, the
platelet increase factor, cor onding  to

con-

the platelet concentration increase in PRP
compared with whole blood, is the most
frequently described parameter in both sci-
entific publications and manufacturer’s pro-

Magalon J, et al. BMJ Open Sport Exerc Med. 2016;2(1):e000060.

follows:

A. very high dose of injected platelets of >5 billion

high dose of injected platelets, from 3 to 5 billion

B
C. medium dose of injected platelets, from 1 to 3 billion
D

low dose of injected platelets, <1 billion

no-effect range

effect

range of increasing

effect with
increasing dose

maximum
effect range

Increasing dose
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classifications are focused on platelet and leucocyte
concentrations. This presents the disadvantages of (1)
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the PRP, Activation of the PRP) classification to extend
the characterisation of the injected PRP preparation.
e retrospectively applied this classification on 20 PRP
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available in the literature.

Results: Dose of injected platelets varies from 0.21 to
5.43 billion, corresponding to a 25-fold increase. Only
a Magellan device was able fo obtain an A score for
this parameter. Assessments of the efficiency of
production reveal that no device is able to recover
more than 90% of platelets from the blood. Purity of
the preparation reveals that & mgjority of the
preparations are contaminated by red blood cells as
only three devices reach an A score for this parameter,
corresponding to a percentage of platelets compared
with red blood cells and leucocytes aver 90%.
Conclusions: These findings should provide
significant help to clinicians in selecting a system that
meets their specific needs for a given indicafion.
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What are the new findings?

= Dose of injected platelets varies from 0.21 to
5.43 billion, depending on the evice used.

= Efficiency of the platelet-rich plasma (PRP) prep-
arafion does not reach 90% of platelet recovery
no matter which device is used.

= Some available devices furnish more red blood
cells than platelets in their PRP.

" . SERE
a variety of indications’ ~ and more

cently
controlled studies have demonstrated less-
favourable resuls’ * A common point
bhetween these studies is the lack of biological
characterisation of the content of the PRP
used as therapy product

Marx,” first described PRP as a suspension
of platelets in plasma, with the platelet con-
centration being higher than the concentra-
tion in the original blood collected. Dohan
Ehtenfest et al’ 7 introduced the notion of
leucocyte-rich PRP (LR-PRP) characterised
by a leucocyte concentration higher than the
whole  blood  baseline  leucocyte level,
whereas leucocyte-poor PRP (LP-PRP) or
Pure PRP includes a leucocyte concentration
lower than in whole blood. Accordingly, the
platelet increase factor, corresponding to
ease in PRP
compared with whole blood, is the most
frequently described parameter in both sci-
entific publications and manufacturer’s pro-

the platelet concentration incr

Magalon J, et al. BMJ Open Sport Exerc Med. 2016;2(1):e000060.

as follows:

A. very high dose of injected platelets of >5 billion

B. high dose of injected platelets, from 3 to 5 billion

C. medium dose of injected platelets, from 1 to 3 billion

D. low dose of injected platelets, <1 billion

no-effect range

range of increasing
effect wiih

maximum
effect range

Increasing dose
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Platelet Concentration Explains Variability
in Outcomes of Platelet-Rich Plasma for
Lateral Epicondylitis: A High Dose Is Critical
for a Positive Response

A Systematic Review and Meta-analysis
With Meta-regression

Jacob F. Oeding,” PhD @, Nathan H. Varady,'* MD, MBA (, Caden J. Messer,% BS,
Joshua S. Dines,' MD, Riley J. Williams,' MD @, and Scott A. Rodeo,' MD
Investigation performed at the Hospital for Special Surgery, New York, New York, USA

Background: Randomized controlied triais (RCTs) evaluating the efficacy of platelet-rich plasma (PRP) for the management of
lateral epicondylitis (LE) have been characterized by substantial variability in reported outcomes. The saurce of this heterogeneity
is uncertain.

Purpose: To determine the effect of estimated piatelet concentration on the efficacy of PRP for the management of LE
Study Design: Systematic review and meta-analysis; Level of evidence, 2.
Methods: All RGTs evaluating the efficacy of PRP in managing LE were identified. RGTs were classified according to whether the
study ented a platelet factor of PRP representing a greater than 3-fold increase over whole blood or a supra-
physiological platelet dose figh-dose vs low-dose PRF). The primary outcome was the mean difference (MD) in the visual analog
scale (VAS) score at latest follow-up. Random-effects and mixed-effects meta-analyses were performed, and meta-regression
was used 10 evakiate whether differences in outcomes after reatment with PRP coud be explained by differences in the concen-
tration of PRP used.

Results: Overall, 13 RCTs with a total of 791 patients were included in this analysis, with 5 that utilized low-dose PRP and 8 that
used high-dose PRP. Meta-analysis of VAS scores reported by studies that used high-dose PRP resulted in an MD of ~1.31 95%
Cl, ~1.87 to ~0.75) in favor of PRP over all alternative treatm jes (P < .001). Meta-analysis of VAS scores reported by

sose PRP resuited in an MD of 0.08 ( )gesting no difference in the effect between
79). The piatelet concentration factor of PRP used in each RCT was found to be
strongly predictive of the VAS score at final follow-up in meta-regression (P < .001), with 58.5% of the heterageneity in the out
comes of PRP between studies explained by the platelet concentration factor alone.

Conclusion: The platelet concentration of PRP may play a sign! role in the outcomes of patients with LE. A direct inear
relationship was observed between the platelet concentration factor of PRP used and the magnitude of patient-reported symp
tom relief after the management of LE with PRP. Clinicians should ensure a supraphysiological piatelet concentration when pre-
paring PRP for the management of LE.

Keywords: platelet-rich plasma; PRP; lateral epicondyltis; tennis elbow; dose; concentration

r tennis elbow, is & common

Lateral epicondylitis (LE),
cause of elbow pain in adults aged 35 to 55 years, affecting
up to 3% of adults and causing characteristic pain and ten
derness over the lateral epicondyle. While several causes

have been proposed, the underlying pathophysiology is

vis tendon. Although extensive infiltrates of classic inflam-
matoryAmmune cells are nt typically seen in tissue biopsy
specimens from patients with LE, it is well established
that there

with increased g

The American Journal of Sperts Medicine ‘molecular inflammation” in tendinopathy
1-8

expression for & number of inflamma-

tory cytokines > Tissue damage promotes the release of
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sion results with u..nx:ml concentration factor as the covariate of interest. The treatment effect for each
study is plotted on th et concentration factor on the x-axis. The size of each circle is inversely proportional
to the variance of the e‘h""\(!—d treatrms H\\ effect. Platelet concentration factor w. ssociated with the
visual analog scale (VAS) score at final follow-up (P < .001), with 58.5% of the heterogeneity in ()u'v omes accounted for by the
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Figure 4. Meta-regression results with a binary platelet-rich plasma (PRP) composition variable corresponding to low-dose ver-
sus high-dose PRP as the covariate of interest. The treatment effect for each study is plotted on the y-axis versus the type of PRP
(0, low-dose PRP; 1, high-dose PRP) on the x-axis. The size of each circle is inversely proportional to the variance of the esti-
mated treatment effect. This binary variable corresponding to whether each study utilized high-dose PRP (ie, “true” PRP) or
low-dose PRP was found to be significantly associated with the visual analog scale (VAS) score at final follow-up (P < .001)
with 54.1% of the heterogeneity in outcomes accounted for by this variable alone.

Oeding JF, et al. Am J Sports Med. 2025 Jan 27:3635465241303716.

Oeding, et al. (2025)

Systematic review/meta-analysis

RCTs evaluating the efficacy of PRP in
managing lateral epicondylitis based on
platelet concentration factor

« >3x increase over whole blood = high-dose
<3x increase = low-dose PRP

Results

13 RCTs (791 patients)
« 5 that utilized low-dose PRP
8 used high-dose PRP

Outcomes

The platelet concentration factor was found to be
strongly predictive of outcomes

A direct linear relationship was observed between
the plt concentration and magnitude symptom relief




Dosing of PRP Berrigan, et al. (2024)

fOr OSteoa rth ritis Systematic review of RCT, PRP vs
control for KOA

Arthrescopy Design

The Journal of Arthroscopic and Related Surgery

* |Inclusion criteria

Volume 40 + Issue 4 + April 2024

Patel, McDaniel, Sekar, Kisana, Sykes,

Systematic Review
‘with Commentary by Brinkman

« Documented plt count, concentration
“i’:”";& A Greater Platelet Dose May Yield Better Clinical or dose and >6_month outcome scores

in Cammentary by Saoetan Outcomes for Platelet-Rich Plasma in the Treatment
a0, L. Ding: Sl it Jon. Znai of Knee Osteoarthritis: A Systematic Review

Chen, 3t i Yuan. and Yu on
Accuracy of ACL Diagnosis on MRI Usin|
Desgtasenbil William A. Berrigan, M.D., Zach Bailowitz, M.D., Anna Park, M.Phil., Aakash Reddy,

Spears. Parikh, Chalmers, Smith, Freehi Ryan Liu, and Drew Lansdown, M.D
and Bow
Edow UCL Augmented Repair Versus
ution
‘with Commentary by Erickson

Purpose: To determine whether the platelet dose administered during a platelet-rich plasma (PRP) injection for knee
osteoarthritis (OA) affeas dinical outcomes. Methods: A systematic review was performed by searching PubMed, L

Cochrane Library, and Embase for randomized controled trsk with ai least 1 stady arm using PRP for knc OA. Only ° 2 9 St u d les 3 1 Stu d y arms
studics that provided a platclet count, concentration, or dose with a minimum of 6-month outcome scores were induded.

Studies in which the PRP group had statistically significant positive outcomes were separated from those without statistical

significance. The average platelet doses for studies with positive outcomes in the PRP group were compared with those
without positive outcomes. Results: After exclusion criteria were applied, 29 studies we lyzed. Of the 29, there were
ant positive outcomes at 6 months
compared with the control group. The mean platelet dose in the 28 with a positive outcome was 5,500 + 474 x 10°

agn
whereas the 3 that had no positive difference had a mean platelet dose of 2,302 + 437 x 10° (P < .01). There were 18 ° —
studies with 12-month outcomes, with 16 of 18 having positive outcomes. The positive studies had an average platelet — —

’k‘ AANA

Aovancing e scorn 31 arms that used PRP as a treatment method, of which 28 had statistically signifi

dosc of 5,464 = 511, whereas the studies that had no statistical difference had an average platelet dose of 2,253 + 753 x
10° (P < .05). Conclusions: Improved clinical outcomes from PRP injections for knee OA may be related to a greater

platelet dose. Level of Evidence: Level L, systematic review of Level Tand 1T studies. 5 5 . | | .

P atclet-rich plasma (PRP) is a mixture of concen-  d
trated

neration and decrease the inflammatory_compo-

platelets and growth factors prepared  nents of pain and
through the centrifugation of autologous whole blood.  mechanisms for its ¢
PRP injections increasingly are used for the treatment of Despite the theord Otrerbias TR hiies| .
knee osteoarthritis (OA), showing promise asasafeand  platelet, growth fa Py N e atlve res u |tS n — 3 m ea n av p It d Ose
cffective treatment option.' ™ Although initial in vitro  there is no standar — -_—
studics showed that PRP may function by promoting 2017 Minimum Inf¢ Selective reporting | ==

tissue regeneration, recent research leans toward  dics guidelines def

its anticatabolic nomodulatory effects.” In the  standardizing report| Incomplete outcome data = - -

context of knee OA, this may help to temper cartlage  orthopacdic researcl Was | |O n
leukocyte differenti "

these reporting gul Blinding of Outcome assessment NN o
dosage or injection
Blinding of participants/personell | IEEEG_G_G—_———— [

OA has been establi
Previous studies b .
geneity in PRP literal
Dreparation of PR Allocation concealment  EEEEEG—G— = ( : N( ; usion
and postinjection r
vy e e Random sequence generation |

Platelet dosage is a
i 0% 10% 20% 30% 40% S50% 60% 70% 80% 90
microliter), volume

* Improved clinical outcomes may be related
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Berrigan WA, et al. Arthroscopy. 2024;Mar 19:S0749-8063(24)00206-8.
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Visual Abstract
IMPORTANCE Most clinical guidelines do not recommend platelet-rich plasma (PRP) for knee [= Editorial pa
osteoarthritis (OA) because of lack of high-quality evidence on efficacy for symptoms and
joint structure, but the guidelines emphasize the need for rigorous studies. Despite this, use
of PRP in knee OA is increasing. FH CME Quizat

Supplemental content

jamacmel
OBJECTIVE To evaluate the effects of intra-articular PRP injections on symptoms and joint g

structure in patients with symptomatic mild to moderate radiographic medial knee OA.

DESIGN, SETTING, AND PARTICIPANTS This randomized, 2-group, placebo-controlled,
participant-, injector-, and assessor-blinded clinical trial enrolled community-based
participants (n = 288) aged 50 years or older with symptomatic medial knee OA (Kellgren and
Lawrence grade 2 or 3) in Sydney and Melbourne, Australia, from August 24, 2017, to July 5,
2019. The 12-month follow-up was completed on July 22, 2020.

INTERVENTIONS Interventions involved 3 intra-articular injections at weekly intervals of either
leukocyte-poor PRP using a commercially available product (n = 144 participants) or saline
placebo (n = 144 participants).

MAIN OUTCOMES AND MEASURES The 2 primary outcomes were 12-month change in overall
average knee pain scores (11-point scale; range, 0-10, with higher scores indicating worse
pain; minimum clinically important difference of 1.8) and percentage change in medial tibial
cartilage volume as assessed by magnetic resonance imaging (MRI). Thirty-one secondary
outcomes (25 symptom related and 6 MRI assessed; minimum clinically important difference
not known) evaluated pain, function, quality of life, global change, and joint structures at
2-month and/or 12-month follow-up.

RESULTS Among 288 patients who were randomized (mean age, 61.9 [SD, 6.5] years; 169
[59%] women), 269 (93%) completed the trial. In both groups, 140 participants (97%)
received all 3 injections. After 12 months, treatment with PRP vs placebo injection resulted
in a mean change in knee pain scores of -2.1vs -1.8 paints, respectively (difference, -0.4
[95% Cl, -0.9 to 0.2] points; P = .17). The mean change in medial tibial cartilage volume was
-1.4% vs -1.2%, respectively (difference, -0.2% [95% CI, -1.9% to 1.5%]; P = .81). Of 31
prespecified secondary outcomes, 29 showed no significant between-group differences.

Bennell KL, et al. JAMA. 2021 Nov 23;326(20):2021-2030.

RESTORE Trial
Bennell, et al. (2021)

RCT, double blind, placebo-controlled trial of PRP vs
saline (placebo) for mild-moderate medial knee OA
(n=288)

Design
3 weekly |A-injection

Low dose PRP (5mL injected)
« Dose: 5mL x 325 x 103/mm3 = 1.625 billion platelets

Results
No significant difference in symptoms or cartilage volume
Conclusion

These findings do not support use of PRP for the
management of knee OA
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retrospective application of available
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ABSTRACT

Background/aim: Significant biological differences in
platelet-rich plasma (PRP) preparations have been
highlighted and could explain the large variability in the
clinical benefit of PRP reported in the literature. The
scientific community now recommends the use of
classification for PRP injection; however, these
classifications are focused on platelet and leucocyte
concentrations. This presents the disadvantages of (1)
not taking into account the final volume of the
preparation; (2) omitting the presence of red blood
cells in PRP and (3) not assessing the efficiency of
production.

Methods: On the basis of standards classically used
in the Gell Therapy field, we propose the DEPA (Dose
of injected platelets, Efficiency of production, Purity of
the PRP, Activation of the PRP) classification to extend
the characterisation of the injected PRP preparation.
We retrospectively applied this classification on 20 PRP
preparations for which biological characteristics were
available in the literature.

Results: Dose of injected platelets varies from 0.21 to
5.43 billion, corresponding to a 25-fold increase. Only
a Magellan device was able to obtain an A score for
this parameter. Assessments of the efficiency of
production reveal that no device is able to recover
more than 90% of platelets from the blood. Purity of
the preparation reveals that a majority of the
preparations are contaminated by red blood cells as
only three devices reach an A score for this parameter,
corresponding to a percentage of platelets compared
with red blood cells and leucocytes over 90%.
Conclusions: These findings should provide
significant help to clinicians in selecting a system that
meets their specific needs for a given i

What are the new findings?

Dose of injected platelets varies from 0.21 to
5.43 billion, depending on the device used.
Efficiency of the platelet-rich plasma (PRP) prep-
aration does not reach 90% of platelet recovery
no matter which device is used.

Some available devices furnish more red blood
cells than platelets in their PRP.

2

a variety of indications' * and more recently

controlled studies have demonstrated less-

A common point
studies is the lack of biological
ion of the content of the PRP
used as therapy product.

first described PRP as a suspension

of platelets in plasma, with the platelet con-
centration being higher than the concentra-
tion in the original blood collected. Dohan
Ehrenfest et al’ 7
leucocyte-rich PRP (LR-PRP) characterised
by a leucocyte concentration higher than the
whole blood baseline leucocyte  level,
whereas leucocyte-poor PRP (LP-PRP) or
PRP includ
than in whole blood. Accordingly, the
platelet increase factor, corresponding to
the platelet concentration increase in PRP

introduced the notion of

leucocyte concentration

compared with whole blood, is the most
frequently described parameter in both sci-
entific publications and manufacturer’s pro-

The injected dose of platelets should be
measured in billions or millions of platelets
and categorized as follows:

A. very high dose of injected platelets of >5 billion
B. high dose of injected platelets, from 3 to 5 billion

C. medium dose of injected platelets, from 1 to 3 billion

D. low dose of injected platelets, <1 billion

Magalon J, et al. BMJ Open Sport Exerc Med. 2016;Feb 4;2(1):e000060.

maximum
effect range

no-effect range | range of increasing
effect with

increasing dose

Increasing dose




Dgsing of PRP Bansal, et al. (2021)
for Osteoarthritis

RCT HA vs high-dose PRP (>10bil plt) for knee OA

- (n=150)
REPORTS h
naurerscarch > Design
® scientifi t
/8 % scientific reports . HA (n:75) vs PRP (n:75)
m Platelet-rich plasma (PRP) « PRP 10.5 billion in 8mL PRP
R

in osteoarthritis (OA) knee: Correct
dose critical

 Follow up 1 yr

Results
« Significant improvement in WOMAC, IKDC and pain-free walking
* Improvement persisted in PRP group vs HA group at 1 yr

» Cartilage thickness unchanged in 82.8% of PRP patients vs
61.7% of HA patients; remaining patients lost thickness

Conclusion

* Dose of 10 billion platelets in 8 ml of PRP improves functional
outcomes and protects the articular cartilage from further wear

Follow up-months

Bansal H, et al. Sci Rep. 2021;11(1):3971.
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Intra-articular injections of platelet-rich plasma decrease pain
and improve functional outcomes than sham saline in patients
with knee osteoarthritis

Jiabao Chu'” - Weifeng Duan' - Zigiang Yu®* . Tao Tao® - Jie Xu® - Qianli Ma® - Lingying Zhao®? . Jiong Jiong Gu.

ted: 10 January 2022

Abstract
Purpose To
(P-PRP)

w-up completed on
alyzed from

i
greater than that of w
1 month of follow-up. Howeve
month 24 (P
1.001). The benefit of P-PRP

o
15t saline in terms of IKDC and V.
ion, TNF-a and IL-1p levels in
of 1171 mm* in

P-PRP w
and sal

Keywords Platelet-rich plasma (PRP) - Osteoarthritis - Knee -

Chu, et al. (2022)

RCT, double blind, multicenter, sham-controlled study
Saline placebo vs high-dose PRP for knee OA (n=610)

Design
* 3 PRP (n= 308) vs saline (n=302), injections 1 wk apart

 PRP 50mL blood draw, made 5mL PRP with platelet
count mean 832.1 x 10%/L = dose of 4.1 billion

WOMAC, IKDC, VAS, biochem markers, and cartilage MRI vol

Results
» PRP greater improvement in pain, function, and biomarkers

» Over 2x greater loss of cartilage in the saline group at 5yr f/u
MRI

Conclusion
PRP with a dose of 4.1 billion was superior in treating KOA
* 24 mo of symptom relief

Slowing of the progression of KOA

WOMAC = Western Ontario and McMaster Universities Arthritis Index; IKDC = International Knee Documentation Committee; VAS = visual analogue scale.

Chu J, et al. Knee Surg Sports Traumatol Arthrosc. 2022;30(12):4063-4071.
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ABSTRACT

Background/aim: Significant biological differences in
platelet-rich plasma (PRP) preparations have been
highlighted and could explain the large variability in the
clinical benefit of PRP reported in the literature. The
scientific community now recommends the use of
classification for PRP injection; however, these

e

Magalon J, et al. BMJ Open Sport Exerc Med. 2016;2(1):e000060.

Exerc Med 2016;2:6000060.
doi:10.1 j 2015-
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are focused on platelet and leucocyte
concentrations. This presents the disadvantages of (1)
not taking into account the final volume of the
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cells in PRP and (3) not assessing the efficiency of
production.

On the basis of i used
in the Cell Therapy field, we propose the DEPA (Dose
of injected platelets, Efficiency of production, Purity of
the PRP, Activation of the PRP) classification to extend
the characterisation of the injected PRP preparation.
We ively applied this ification on 20 PRP
preparations for which biological characteristics were
available in the literature.

Results: Dose of injected platelets varies from 0.21 to
5.43 billion, corresponding to a 25-fold increase. Only
a Magellan device was able to obtain an A score for
this parameter. Assessments of the efficiency of
production reveal that no device is able to recover
more than 90% of platelets from the blood. Purity of
the preparation reveals that a majority of the
preparations are contaminated by red blood cells as
only three devices reach an A score for this parameter,
cor ing to a of platelets

with red blood cells and leucocytes over 90%.
Conclusions: These findings should provide
significant help to clinicians in selecting a system that
meets their specific needs for a given indication.

What are the new findings?

= Dose of injected platelets varies from 0.21 to
5.43 billion, depending on the device used.

= Efficiency of the platelet-rich plasma (PRP) prep-
aration does not reach 90% of platelet recovery
no matter which device is used.

= Some available devices furnish more red blood
cells than platelets in their PRP.

2

of indications' ? and mory ly
controlled studies have demonstrated less-
4

a vari

favourable  results. A common point
th studies is the lack of biological
characterisation of the content of the PRP

betwee

used as therapy product.

Marx, st described PRP as a suspension
of platelets in plasma, with the platelet con-
centration being higher than the concentra-
tion in the original blood collected. Dohan
Ehrenfest et af’ 7 introduced the notion of
leucocyte-rich PRP (LR-PRP) characterised
by a leucocyte concentration higher than the
whole  blood baseline leucocyte level,
whereas leucocyte-poor PRP (LP-PRP) or
Pure PRP includes a leucocyte concentration

lower than in whole blood. Accordingly, the
platelet increase factor, corresponding to
e in PRP
compared with whole blood, is the most

the platelet concentration incr

frequently described parameter in both sci-
entific publications and manufacturer’s pro-

The injected dose of platelets should be
measured in billions or millions of platelets
and categorized as follows:

A. very high dose of injected platelets of >5 billion

B. high dose of injected platelets, from 3 to 5 billion

C. medium dose of injected platelets, from 1 to 3 billion

D. low dose of injected platelets, <1 billion

no-effect range

range of increasing
effect with
increasing dose

maximum
effect range
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How to Calculate Dosing of PRP

WHAT’S THE MATH?

« Assume a normal PLT # 150-450,000 PLTs/ul
« Assume mean PLT capture rate of 70% (yields range 43%-99%)

Blood draw Platelet “Dose”
= 10mL - 1.5-4.5 billion PLTs x 70% = 1.05-3.15 billion PLTs
= 20mL - 3-9 billion PLTs x 70 % = 2.1-6.3 billion PLTs
= 30mL = 4.5-13.5 billion PLTs x 70% = 3.15-9.45 billion PLTs
= 60mL -2 9-26 billion PLTs x 70% = 6.3-18.9 billion PLTs

If you’re not analyzing PLT #s, a 60mL system should be used at a minimum
120cc better in case yield is <55%



Age and Dosing Considerations for PRP (Tendons)
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Platelet lysates from aged donors
promote human tenocyte proliferation
and migration in a concentration-
dependent manner

tendon-relate

Platelet-rich plasma (PRP) is being used increasingly often in the clinical setting to trea
d pathologies. Yet the optimal PRP preparations to promote tendon healing
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DNA content (ng/ml)
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resent hypothesis is that i
the platelet

at increasing
derived protein levels within

Berger DR, et al.

Bone Joint Res. 2019;8(1):32-40.

Berger, et al. (2019)

Basic science

Design

« Varied platelet-derived proteins (from lysed platelets, PL)
from both young (<50yr) and aged (>50 yr) donors

« Human tenocytes cultured with varying concentrations of
platelet proteins and measured tendon proliferation

Results

» Both age groups showed improved tenocyte proliferation;
however, aged donors yielded a dose-response relationship
vs no difference in tenocyte behavior in younger donors

Conclusion

* Increasing PRP dosing in older patients increases cell
activity, but this doesn’t occur in younger patients




But What about Other Cells?
The Bioformulation of PRP

Platelet concentrates

- Periferal Blood
6% <1%

' . DY
a,’d,. M".@‘J
R . e
' RBCs

Peripheral blood smear in normal blood. Peripheral blood smear of platelet rich plasma.

Figure 1. Difference between whole blood and platelet-rich prolotherapy. Top left, cell ratios in a normal
blood clot. Top right, cell ratios in platelet-rich plasma. Bottom left, peripheral blood smear in normal
blood. Bottom right, peripheral blood smear of platelet-rich plasma.

PLTS, platelets; RBC, red blood cells; WBC, white blood cells

Alderman D, Alexander R. Pract Pain Manag. 2011.

Finnoff JT, et al. Clin J Sport Med. 2021;31(6):530-541.



Bioformulation of PRP
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TABLE 1
Commercially Available Kits for the Production of Platelet Products®
; % Device Name Company Name of Product Comments
Orthopaedic
JOLII'I Original Research GPS 111 Biomet Platelet-rich plasma Tested
SPOI'l SmartPrep2 Harvest Platelet-rich plasma Tested
. . z = Magellan Arteriocyte Medical Platelet-rich plasma Tested
Medi( 2 . : : :
Ana'yS|S of Platelet-Rich Plasma Extraction Angel Sorin Platelet-rich plasma Not available for testing
Variati in Platelet and Blood C t CS Genesis Platelet-rich plasma Not available for testing
ariations In Platelet an 00 omponents e
Hotwasnd EommorConmercil Kitg ACP Arthrex Autologous conditioned plasma Tested
PRFM Fibrinet System Cascade Platelet-rich fibrin Not tested, fibrin membrane
Jane Fitzpatrick,** FACSP, MBBS, Max K. Bulsara,$ PhD, MSc, BSc(Hons), PRF and Vivostat Choukroun’s Platelet-rich fibrin Not tested, fibrin membrane
:’Aaul R%be; ’n:%mwvﬁf’;’gggsl’s&éﬁé;l\ﬁgp, FmCP,xBB; I —— BMAC DePuy Platelet-rich plasma and stem cells Not tested, bone marrow
lartin D. Richardson, ¥ , MS, and Ming Hao Zheng, , DM, ath, d
a0l e G Cell saver-based systems Electa, Several Pure platelets Not tested, volume required >200 mL
Investigation performed at the University of Western Australia, .
Crawley, Westem Australia, Australia Haemonetlcs, CATS, BRAT
o — sy S ol s ol ok R, RN Caption Not yet marketed  Pure platelets Not tested, not available
and osteoarthritis. However, there is variation in methods of extraction, and this produces different types of PRP.
Purpose: To determine the composition of PRP obtained from 4 commercial separation kits, which would allow assessment of .
current classification systems used i cross-study comparisons. Taotal 12 companies 4 tested
Study Design: Controlled laboratory study.
Methods: Three normal adults each donated 181 mL of whole blood, some of which served as a control and the remainder of 3 16
which was processed through 4 PRP separation kits: GPS i (Blomet Biologics), Smart-Prep2 (Harvest Terumo), Magellan “Table derived from Engebretson et al.
(Arteriocyte Medical Systems), and ACP (Device Technologies). The resuitant PRP was tested for platelet coun, red blood cel
count, and white blood cell count, including differential ir laboratory.
obtained from a blood gas autoanalyzer machine.
Results: Three kits taking samples from the “buffy coat layer” were found to have greater concentrations of platelets (3-6 times
bawlne) while 1 kll taking samples irom plasma was found to have platelet cmwﬁmnms of 0’1)’1 .5 times baseline.
s (.61 pivd
momcym This represents high concentrations of platelets and white blood cells. A small drop in pH was thought to g8 < o
citrate used in the sample preparation. Interestingly, an unexpected increase in glucose concentrations, with 3 to 6 tir} 8 71 S 7] 0
than baseline levels, was found in all samples. - 8 - o —
Conclusion: This study reveals the variation of blood components, including platelets, red blood cels, leukocytes, p| : 3 .
cose in PRP extractions. The high concentrations of cells are important, as the white blood cell count in PRP samp) = g - b~ L ] 1 9
quently been ignored, being considered insk The lack of of PRP for cliniq @ o ™7 (=] ™ -~ o |
contributed at least in part to the varying clinical efficacy in PRP use. = - (8] T~ - | o 1
Clinical Relevance: The variation of platelet and other by ial PRP kitd ™ i % = n | ‘
ciinical treatment outcomes. There is a need for standardization of PRP for ciinical use. LI I I ] ; - = | ‘
Keywords: platelet-rich plasma; PR; leukocyte; osteoarthrtis; tendinopathy {ﬁ 21 7 84 b el H | “
© 2 : [
2 = 5 = % e - | [ ‘
a © il \ 2 ) ]
Platelet-rich plasma (PRP) is defined as a platelet-rich  been hypothesized that this is due to plate — 3 2ol Z 0= — S
concentrate with higher-than-baseline levels of platelets  growth factor (PDGF), transforming growth { 2 £ £ 0=
whencompared with whle bood PRPis neeasinlyused  (TGF-f. vasular endothelia growth fucto 2 = .
in prospective clinical studies to 1mpm\e insulin-like growth factor 1(IGF-1), and hepatoc w — =l -
particularly with regard to tendinitis.** factor (HGF), which are released from the alph B — © ~d :
small number of randomized controlled trials have shown during in vivo activation of platelets****1* %4 = 1 = e
the positive benefit of PRP in tendinopathy. %% [thas  sequently produced by the cellular matrix of th
/ Control ACP GPS SmarPrep  Magellan Control ACP GPS SmartPrep Magellan
. DeLong et al'¥ considered that PRP mp:‘n;u p g Control ACP GPS SmariPrep  Magellan P g Control ACP GPS SmartPrep Magellan
s i L BT i vided into 2 forms: 1 plasma based, the

bufly coat preparations. Plasma-based preparations aim to
capture platelots from the plasma after centrifugation and

‘V

Platelets

Fitzpatrick J, et al. Orthop J Sports Med. 2017;5(1):2325967116675272.
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Abstract: Emerging autologous cellular therapies that utilize platelet-rich plasma (PRP) applications
have the potential to play adjunctive roles in a variety of regenerative medicine treatment plans. There
is a global unmet need for tissue repair strategies to treat musculoskeletal (MSK) and spinal disorders,
osteoarthritis (OA), and patients with chronic complex and recalcitrant wounds. PRP therapy is
based on the fact that platelet growth factors (PGFs) support the three phases of wound healing and
repair cascade (infl ¥ deling). Many different PRP formulations have
been evaluated, originating from human, in vi 'vitro, and animal studies. However, recommendations
from in vitro and animal research often lead to different clinical outcomes because it is difficult to
translate non-clinical study outcomes and methodology recommendations to human clinical treatment
protocols. In recent years, progress has been made in understanding PRP technology and the concepts
for bioformulation, and new research directives and new indications have been ~uh),e~led In ll\n
review, we will discuss recent pments ding PRP prep and comp

platelet dosing, leukocyte activities concerning innate and Jd.\pll\u immunomodulation, serotonin
(5-HT) effects, and pain killing. Furthermore, we dl\u“ PRP mechanisms mlalud to inflammation

Leukocytes in PRP

WEC s
{Laukocytas)

and angiogenesis in tissue repair and rege Lastly,

certain drugs on PRP activity, and the combin

on nl PRP and rehabilitaty

Keywords: platelet-rich plasma; regenerative medicine; platelet dosing,
lymphocytes; infl tion; angiogenesis; in; analgesic effe
rehabilitation

Neutrophils increase inflammation
stimulate angiogenesis and anti-microbial
action destroying/clearing pathogens

Everts P, et al. Int J Mol Sci. 2020;21(20):E7794.

Monocytes clear necrotic tissue and
produce growth factors that stimulate
neovascularization




How Do We Define LR-PRP vs LP-PRP?

Several attempts have been made to characterize and classify PRP, however, no consensus
has been reached, and there is no generally accepted standard or classification system in place

6 Classification Systems
Only 3 of 6 Define LR vs LP

Rich: > baseline; f‘f“ ﬂbBWE ‘IJﬂSB'
. - elucocvylie Ine; b: below or
poor: < baseline yi o b
(NR) present: +ve; equatl to base-
line (a: above
eucocyte ab- .

Lana et al. (2017) t: -ve (% of baseline; p:
sent. -ve {/0 O below or equal
neutrophils) to baseline)

Mautner et al. (2015) DelLong et al. (2012)
LR = leukocyte-rich; LP = leukocyte-poor.

Rossi LA, et al. Bone Joint J. 2019;101-B(8):891-896.



How Do We Define LR-PRP vs LP-PRP?

PMR7 (2015) $53-59

Regenerative Medicine

Research: The Rationale for New PRP Nomenclature

A Call for a Standard Classification System for Future Biologic

LR-PRP and LP-PRP are more specific definitions than the generic PRP definition,
but still lacks specific details of the types of leukocytes or their concentrations

Kenneth N{zlcxtt:rerl,hl TahI.E 2
PLRA classification

Abstract

Autologous cell therapies i

aptions for soft tissue and joint
efficacy of PRP,

regarding the
vary in

Criteria Final Score
P Platelet count P M
Volume injected Cells/ul

L Leukocyte content”

=1%

i |

Introduction

The field of orthobiologi
respect to both clinical pi
search continues for the i

{ A Activation’

<1%

R Red blood cell content =1% +
=<1% —
Yes +
No -

s have signific:
0 the proposal of several PR
34]. Unfortunately, these p
cations do not account for a|
may affect efficacy based o
including the actual platele|
platelets/yl), the volume o
target site, the presence or
(WBCs, including neutrophil}

should also be reported.

adn Table created by Drs Patrick Mguyen and Walter Sussman.
* If white blood cells are present (+), the percentage of neutrophils

1 The method of exogenous activation should be reported.

WEBCs
{Laukocytas)
I;Grambcyles l Agranuiocyltes
-.-"- + [-- —— . O ek S-S -
[Neuuophis J Easnophis ’ fBasophia ‘Lymphocytes Monocytes

Mautner K, et al. PM&R. 2015;7(4 Suppl):s53-s59.




LR vs LP-PRP in KOA

Platelet-Rich Plasma for the Tre
of Knee Osteoarthritis

A Double-Blind Randomized Trial

Alessandro Di Martino,” MD, Angelo Boffa,” MD (3, Luca Andriolo,”

lacopo Romandini,"" MD, Sante Alessandro Atamura,” MD, Annarital
Veronica Roverini,¥ MLT, Stefano Zaffagnini,* MD, Prof., and Giusepp
Investigation performed at IRCCS Istituto Ortopedico Rizzoli, Bologna

Background: Platelet-rich plasma (PRP) is gaining large interest in clinical practice as a minir|
knee osteoarthritis (OA). Different preparation methods are available, and the presence of
some preciinical studies, is one of the most debated aspects regarding PRP efficacy.

Purpose: To compare the safety and effectiveness of leukocyte-rich PRP (LR-PRP) and le)
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Leukocyte-Rich PRP
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treatment of knee OA.

Study Design: Randomized controlled trial; Level of evidence, 1.

Methods: A total of 192 patients with symptomatic knee OA (Kellgren-Lawrence grade 1-8)
injections of LR-PRP or LP-PRP. LP-PRP was obtained with a filter for leukodepletion. LR
aliquots of 5 mL, with a mean platelet concentration of 1146.8 x 10%Land 1074.9 x 10°Lal
of 7991.4 % 10%L and 0.1 x 10°%/L, respectively. Patients were evaluated at baseline and i plasma.
the primary outcome, the Intemational Knee Documentation Gommittee (IKDC) subjective score

12m

Leukocyte-Poor PRP

basal 2m 6M 12m

Figure 2. Intemational Knee Documentation Committee subjective score trend in both treatment groups at baseline and 2-, 6-,
and 12-month follow-ups. The box-and-whisker plots show median, quartile, and 95% Confidence Interval. PRP, platelet-rich

v 2

the Knee injury and
Results: No difference
all follow-up intervals.
group as compared

although 15 mild adve
statistically significant

[ ion: This doul

TABLE 2
Platelet, Erythrocyte, and Leukocyte Concentrations in
Whole Blood and PRP for the Treatment Groups®

ical improvement in t

number of adverse ey Mean (Range)
results of PRP injecti
Registration: NCT02 LR-PRP LP-PRP P Value

knee; ostg

Platelets
o osmarmied  Whole blood 2495 (153.1-873.0) 245.1 (151.8-393.4) 656
operative approaches, PRP 11468 (799.3-1591.8)  1074.9 (512.4-1652.1) 071
gﬁ‘:{‘: ::“* pharmg  Brvthrocytes
i jections.

bysluronic scid ety Whole blood 49423 (4030.1-6350.0)  5000.4 (3910.2-7650.1) 244
eal benefit, althowy  pRp 0.2 (0.0-0.6) 0.2 (0.10.8) =.999
The A Journal of § Leukocytes
mmggwsor | Whole blood 6613.3 (4206.7-13,912.0) 6290.5 (3580.2-11,592.3) 300
2500 e Aty PRP 7991.4 (1380.4-16,930.7) 0.1 (0.0-0.6) <.0005

“Platelet and erythrocyte values are expressed as n x 10%L; leukocyte
values are expressed as n X 10%L. LP, leukocyte poor; LR, leukocyte
rich; PRP, platelet-rich plasma.

DiMartino A, et al. Am J Sports Med. 2022;50(3):609-617.

cryopreserved PRP

LP=LR PRP

DiMartino, et al. (2022) RCT

n=192, w/osteoarthritis (OA) KL grade 1-3
« 3-wkly injection cycle of LR- or LP-PRP

* PRP produced using manual method,
300mL of whole blood draw, 2 spin
approach, divided into 3 aliquots of 5mL and
stored

Results

» No difference in clinical scores @ baseline
and f/u 2, 6, and 12mo

* LR 12.2% had pain/swelling, LP 4.7%

Outcomes

» Leukocytes did not affect the efficacy of
intra-articular PRP injections
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Platelet-Rich Plasma for the Tre
of Knee Osteoarthritis

A Double-Blind Randomized Trial

Alessandro Di Martino,” MD, Angelo Boffa,” MD (3, Luca Andriolo,”

lacopo Romandini,"" MD, Sante Alessandro Atamura,” MD, Annarital
Veronica Roverini,¥ MLT, Stefano Zaffagnini,* MD, Prof., and Giusepp
Investigation performed at IRCCS Istituto Ortopedico Rizzoli, Bologna

Background: Platelet-rich plasma (PRP) is gaining large interest in clinical practice as a minir|
knee osteoarthritis (OA). Different preparation methods are available, and the presence of
some preciinical studies, is one of the most debated aspects regarding PRP efficacy.

Purpose: To compare the safety and effectiveness of leukocyte-rich PRP (LR-PRP) and le)
treaiment of knee OA.

Study Design: Randomized controlled trial; Level of evidence, 1.

Methods: A total of 192 patients with symptomatic knee OA (Kellgren-Lawrence grade 1-8)
injections of LR-PRP or LP-PRP. LP-PRP was obtained with a filter for leukodepletion. LR
aliquots of 5 mL, with a mean platelet concentration of 1146.8 x 10%Land 1074.9 x 10°Lal
of 7991.4 % 10%L and 0.1 x 10°%/L, respectively. Patients were evaluated at baseline and i
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Figure 2. Intemational Knee Documentation Committee subjective score trend in both treatment groups at baseline and 2-, 6-,
and 12-month follow-ups. The box-and-whisker plots show median, quartile, and 95% Confidence Interval. PRP, platelet-rich
plasma.
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Results: No difference
all follow-up intervals.
group as compared

although 15 mild adve
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TABLE 2

Platelet, Erythrocyte, and Leukocyte Concentrations in
Whole Blood and PRP for the Treatment Groups®

ical improvement in t

number of adverse ey Mean (Range)
results of PRP injecti
Registration: NCT02 LR-PRP LP-PRP P Value

knee; ostg

Platelets
o osmarmied  Whole blood 2495 (153.1-873.0) 245.1 (151.8-393.4) 656
operative approaches, PRP 11468 (799.3-1591.8)  1074.9 (512.4-1652.1) 071
gﬁ‘:{‘: ::“* pharmg  Brvthrocytes
i jections.

bysluronic scid ety Whole blood 49423 (4030.1-6350.0)  5000.4 (3910.2-7650.1) 244
eal benefit, althowy  pRp 0.2 (0.0-0.6) 0.2 (0.10.8) =.999
The A Journal of § Leukocytes
mmggwsor | Whole blood 6613.3 (4206.7-13,912.0) 6290.5 (3580.2-11,592.3) 300
2500 e Aty PRP 7991.4 (1380.4-16,930.7) 0.1 (0.0-0.6) <.0005

rich; PRP, platelet-rich plasma.

“Platelet and erythrocyte values are expressed as n x 10%L; leukocyte
values are expressed as n X 10%L. LP, leukocyte poor; LR, leukocyte

Romandini |, et al. Am J Sports Med. 2024;52(13):3212-3222.

LP=LR PRP

Romandini, et al. (2024) RCT

n=132, w/osteoarthritis (OA) KL grade 1-3
3-wkly injection cycle of LR- or LP-PRP

PRP produced using CPunT system, 50mL
of whole blood draw each time, 2 spin
system

Results

Subjective and objective outcomes were
documented with no differences @ baseline
and f/u 2, 6, and 12mo

Outcomes

Leukocytes did not affect the safety and
efficacy of intra-articular PRP injections for
the treatment of patients with knee OA



Evidence for LR vs LP-PRP in OA

A commentary by Evan E. Vellios, MD, is
() linked to the online version of this article.

Abbas, et al. (2022)

The Effect of Leukocyte Concentration on Platelet-
Rich Plasma Injections for Knee Osteoarthritis
A Network Meta-Analysis

Aazad Abbas, HBSc, Jin Tong Du, BMSc, and Herman $. Dhotar, MD, MPH, FRCSC

. . .
Investigation performed at North York General Hospital and the Temerty Faculty of Medicine, University of Toronto, Toronto, Ontario, Canada : 3 yS te l I l a t I C R e V I e W / M e ta - A n a I yS I S

Itis ed that leukocyte-poor (LP) platelet-rich plasma (PRP) is preferred over leukocyte-rich (LR)
PRP for the treatment of knee osteoarthritis (OA).

HA L] L] L]
Methods: The | b) 12 months follow-up . n 23 StUdIeS l CIUded (2,260 patle ts,
PRP or LR-PRP wif .
WOMAC WOMAC Pain

measure was the . LP
baseline and foll ’c's MD__ 95%Crl Gompartson I:?E ??‘/;gc;l -
(VAS)for pain. anl vs Placebo - - d -443 [-36.43, 27.25] vs Placel P ——— » i
in ) 4 - o — 657  [2841,1514]  LPvsPlacebo . . 599 [-1257,0.59)

e INcraence ol LP vs Placebo® o 2199 [4170,-261]  LRvsPlacebo . . 578 [-15.83,4.31]
for continuous of | o o cano . i 2004 (56441608 PVSHA ] 182 (586,200
ranked using the CSvs HA i A 214 23.96, 28.29] LRvs HA —————— -1.60  [-8.27,5.04]
Cochrane tools, LP vs HA" L bt 542 [2969,-127) TYSLR e 2 286,749
of Bias in NonR§ LR vs HA e 1847 [4257,15.49) 6 cap B LD 4 8 CS

ean Diflerence
) LPvs CS e 1756 [43.54, 8.32)

Results: This n LRvs CS - -15.63  [-54.43,23.16] ‘
follow-up period LPvsLA . I L 497 [3436,3027)
concems, and 4 P,
MDA 4030 20 10 0 10 20 30

Mean Difference

and LRPRP. SUC

L Results/Conclusions

OA.LPPRPispre ¢

MD  95%Crl [ MD_ 95%Crl .
i CSvsHA . . 026  [176,125]  HAvsPlacebo . 442 934, 1801]
Level of Eviden ' " ——— 2075  [1.71,020]  LPvs Placebo —————e————— 1322 [0.51,26.93]

b el | I G b B ks Placebo Leukocyte concentration of PRP does
LRvsCS i ———— e —— -0.54 [-2.78, 1.68] LRvs HA L e e o 485 .

. 1651, 16.24]
lnfslst-mh Pl (Pustr ————e———— 005 [184,194 LPsLR 391 [7.55, 1540 i . o . .
IRV ZEREELY not play a significant role in patient-
centrifugation ° i A d ° Mean D ;= y

PRP therapy has shown potential as treatments for various Currently, there is no standardization of PRP formula-

indications"'*. This wide use of PRP has led to controversies | tion. Humoral concentrations of factors and blood compo-

with regard to its efficacy™", with discordant results across | nents differ between patient populations, with compositions of re po rte d O u tCO m e fo r KOA
multiple systematic reviews' . PRP ranging in leukocyte concentration and growth factors™ .

Over the last decade, there has been increasing interest | Due to these variations, commercially available PRP prepara-
in using PRP for nonoperative management of knee osteoar- | tions are characterized based on multiple factors, with leuko-

i (0. T b v gh i | o conenrion v e koo P Leukocyte concentration does
Di : The Discl of Interest forms are provided with the online version of the article (http://links.lww.com/ JBJS/G8O5). n Ot p | a y a S I g n I fl Ca n t ro I e

J Bone Joint Surg Am. 2022:104:559-70 e htp://dx.doi.org/10.2106/JBJS.20.02258

Abbas A, et al. J Bone Joint Surg. 2022;104(6):559-570.
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What Is the Ideal Bioformulation of PRP?

Nakagawa, et al. (2024)

Systematic review of RCTs

Systematic Review of Randomized
C lled Trials Evaluati h . . .
Use of Platelet-Rich Plasma Categorized into pre-, peri-, post-MIBO groups
for Knee Osteoarthritis £

Results

» 87 studies (7925 patients, 8118 knees)
* Pre-MIBO = 51 studies
* Peri-MIBO =19

mPeMIBO = PeriMIBO  SPostMIED * Post-MIBO =17

Figure 3: Chart summarizing item scores for each of the 23 MIBO checklist items.

s Adherence to Minimum Information for Studies
L & Evaluating Biologics in Orthopaedics

wa,” MD, James Kim," BA, Joseph Rinaldi,” MD,
S, Ariana DeMers," DO, Seth Sherman,
man,*** DO

nter, .Bub!wv_ MA, USA

Frirzrirrrrrrrrrd

N
‘E
N
X}
N
N

Conclusion

» No statistically significant differences in
MIBO scores among groups (p=0.345)

MIBO items with particularly low item
scores included: whole-blood
characteristics (20%), platelet recovery
rate (22%), PRP analysis (30%)

Acronyms: MIBO (Minimum Infermation for Studies Evaluating Biologics in Orthopedics)

.Nakagawa HF, et al. Am J Sports Med. 2025;53(5):1241-1253.



The Role of High-Resolution Ultrasound

Williams.
dor |. Sussman
A Pitts

Atlas of

& o Interventional
What is Interventional Orthopedics? = Orthopedics

i‘i s #= [ Procedures

PCL Essential Guide for Fluoroscopy
Inside the and Ultrasound Guided Procedures
Simple Inside Patella Bone
the Joint (Intra- Lc
articular) Patello-femoral 2
Simple Inside  Injection Joint Lateral
the Joint (Intra- Hamstrings
e OV Patellar Insertion
articular)

Tendon

Injection Meniscus

Tib-Fib Joint
Pes Anserine
Inside the Inside the AL A
Socket Bone Femur Bone dolnt NSRS S0ptasapose
Nerve Block

Rotator Cuff Tendons
; ikt (Supraspinatus, Infraspinatus,
Ligaments Psoss Tenden Subscapularis, Teres)

SGHL
ITB Malarga K Mautoer, R Dosai, ) Buford. J Markde, N B) Barih
'b‘" Advanced Inside the ) 1oV >
Joint (Intra- s
Adductor articular) Injection Ala hfa
Tendon nchor
Simple Intra- l Inside the - :

’ o articular HumBTprvs
Simple Inside " Bone
; Biceps Tendon
the Joint (Intra- Hamstrings
. Tendon
articular)
Injection

Simple
Injections

Interventional
Orthopedics

1% of US Physicians

4% of US Physicians

95% of US Physicians

Chris Centeno, https://www.youtube.com/watch?v=e6fMXKsELT8




Role of High-Resolution Ultrasound

Table 1. Accuracy in palpating the intertubercular groove G = I I t I ( 2 0 1 1 )
PM&R Average Distance From azzi o’ et al.
Groove Needle Placement to

T R e AL Correctly Closest (Medial) Edge Range,

HE N I Identified (%) of Groove, cm = SD* cm
= . Original Research

E Staff 1/25 (&) 1.3 +=0.87 0-3.5 M th d
HE Accuracy of Palpating the Long Head of the Bice Fellow 3/25(12) 0.6=05 0-22 e O S
Tendon: An Ultrasonographic Study Resident 0/25 (0) 22 +0.8 0.7-3.4 .

Bl oo e oo, | Overal 4/75 (5.3) 1.4+ 05 0-3.5 « 25 volunteers, 3 examiners (SM board-

e g g e e Mo in SD = Standard deviation.

. : . certified staff, fellow, and resident)
*All misplaced palpations were locafed medial to the groove.

‘Comparing investigators: sfaff versus fellow, P = .007; staff versus ° 1
resident, P << .0001; fellow versus resident, P < .0001. Tape TUOhy needle over IOCathn Of
bicipital groove

» Palpation accuracy confirmed by
ultrasound

Results

» Overall accuracy was 5.3%

» Average difference was 1.4cm

Conclusion

* When clinically indicated, sonographic
guidance should be used to accurately
identify the LHBT

LHBT = long head of the biceps tendon.
Gazzillo GP, et al. PMR. 2011;3(11):1035-1040.




The Role of High-Resolution Ultrasound
in Orthobiologics

Hands-On Needle Training

[ XX
00 2:%00 :
@associaﬁon for medical ultrasound ...:...02.. I nte rve nt I O n a |

oo _°°20 . ‘
@0°%°% 2
I PN Foundation
AMNMERICAN INSTITUTE OF ULTRASOUND IN MIDICINE .......

EDUCATION | RESEARCH | ACCREDITATION | COLLABORATION | LEADERSHIP

what is the...

https://interventionalorthobiologics.org/physician-education/

Sports Ultrasound
Online Didactics
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What Is a Stem Cell?

« Stem cells are simply a cellular population with the ability to self-replicate
through mitosis to form daughter cell lines

@ © ©

Adherence to plastic Marker expression Multipotent differentiation potential
Positive Negative
MSC & 295% + <2%+ & VC
* CD45-

» CD105*  CD34- / \
¢ CD73*  * CD14-or CD11b-

* CD90*  * CD79 or CD19
[ | * HLA-DR- Pt
l—.' 2 S ﬂ e - .

Adherent layer Adipocyte  Osteoblast Chondrocyte




What Is a Stem Cell?

« Stem cells typically are classified

based upon their tissue of origin adult tssues s
— The majority of orthopedic-related N .
stem cell research to date has ' ] m g AFMSC N
focused on adult stem cells — WY ... .
CM-MSC Meisid
— Embryonic or perinatal stem cells { [ l p—
) . ey n—, CB-MSC
banned by FDA in U.S. in 2021 o el e &
| b e Lo0)

PE- AT-
MSC MSC  MSC




What Is a Stem Cell?

* The majority of adult
mesenchymal stem cell (MSC)
products used in orthopedics are
obtained from bone marrow
tissue or adipose tissue

Bone Marrow Adipose
Precursor to BMAC Precursor to MFAT

Both procedures involved s

Therapies

Center for Biologics Evaluation and Research

 Cells harvested and prepared at
point-of-care in an office setting

Consumers (Biologics)

MSC = mesenchymal stem cell.



Regulatory Considerations

lOF NOW!
Regulatory Considerations for Human
Cells, Tissues, and Cellular and New Regulatory Landscape:

Tissue-Based Products: Minimal What to Know About State Sterm Cell Laws
Manipulation and Homologous Use

Guidance for Industry and
Food and Drug Administration Staff

For questions on the content of this guidance, contact Center for Biologics Evaluation and
Research (CBER), Office of Communication, Outreach, and Development (OCOD) at 240-402-
8010 or B00-835-4709. For questions about this document concerning products regulated by

Center for Devices and Radiological Health (CDRH), contact the CDRH product junisdiction 3 SPEAKER SPOTLIGHT
officer at CORHProductlunsdictionf@{da.hhs.gov. If you need additional assistance with

regulation of combination products, contact the Office of Combination Products (OCP) at 301-
T96-8930.

What Are Best Practices
For Staying Within
Center for Biologics Evaluation and Research Regu Iqtory Li nes?

LS. Department of Health and Human Services

Food and Drug Administration An d rew Ittlem an, ESCI.

Center for Devices and Radiological Health
Office of Combination Products
July 2020

Partner, Fuerst Ittleman David & Joseph




Matching the Treatment to the
Underlying Tendon Pathology




Rationale for use of BMAC

BMAC is composed of concentrated MSCs that play a
pivotal role in tissue regenerative and repair processes

BMAC

Contains stem cells, but stem cell products require
incubated BM in plastic culture dishes and identifying and
isolating MSCs as colony-forming unit fibroblasts (CFUs)

Concentrated BM-MSCs synthesize cytokines and trophic
mediators and institute a regenerative microenvironment

for tissue repair
— Increase cell-signaling
— (Neo)angiogenesis
— Improve cell recruitment
Total number of BM-MSCs in BMAC is low
— Estimated to vary between 0.01%-0.02%

Bone Marrow
Precursor to BMAC

Cortical b & g Oslco‘clast s Ostecyte
& &% — Osteoblast
- > . = o o S ;!\
Pe = P ol v : Endosteal region
) 4 hAdipocyte. e lSnmevsianSee
' ®g Ld
msc —p
o o/ @)Chondrocyte ybendosteal region
— Progenitor cell T P~ et
- ice et ¥ Osteaclast
RECE o .. ® ) Shusod— e & 7 Stromalcel P
et @y (o) oo S
«
® ® og®°® o g K
*® _ ibroblast b, ¢ v
®' . Endothelial cel A—T-cell
© bt g
Bone marrow tissue [ ]

Mature hematopoietic oek #—B-cell

Fig. 1. Impression of the heterogenous cellular content of bone marrow tissue and region
segmentation.

The cellular content of BMAC is more complex
and distinct compared to PRP




BMAC Harvest

* The iliac crest is the harvest site of preference
containing more BM-MSCs compared with other
extraction sites

Bone Marrow
Precursor to BMAC




AD-MSC

-
Rationale for use of AD-MSC A
& ‘L_ﬁ <
» Adipose tissue provides clinicians with 3D multicellular scaffold, ‘ R \ |
including adipose-derived stem cells (ASCs) and stromal cells . . - & ‘
x 1 W oA ¥ 2
: : : : y o B
« Mediated effects on the reduction of proinflammatory cytokines, . o b
chemokines, cellular apoptosis, and collagenases — ““‘Adi;o*s‘e‘ -
. . . . . . . Precursor to MFAT
» The use of adipose tissue in orthobiologics is based on the separation
of the stromal vascular stroma contained in ATC, allowing for access Emulsified Fat/
to AD-MSCs Nanotat
» Multiple techniques to process adipose tissue U]
=7
« Resized by emulsification or mechanical &
cutting (allowed by FDA) Proesed AT ATC nacion  Mechnica Emubifcadn (BSVF 0
anne
« Enzymatic processing to produce SVF
(NOT allowed by FDA) ,
MFEAT .1 :,:S’;( 1t ::::gen.itorCe-HS :::Zi:us
AD-MSCs constitute as much as 1% of SVF cells 'fg" " oo g EniobeilCals
Compared with 0.001% to 0.002% of BM-MSCs FDA guidelines, enzymatic cellular prepared SVF products

are listed in the “more than manipulated” category
AD-MSC = adipose-derived mesenchymal stem cells; ATC = adipose tissue complex; SVF = stromal vascular fraction.



Harvesting Rudimentary Resizing
Processing « Emulsification
» Filtered « Cutting (MFAT)
« Washed
» Centrifugation




Take-Home Points

Highlights from the American Medical
Society for Sports Medicine position
statement on responsible use of
regenerative medicine and
orthobiologics in sports medicine

Shane A Shapiro @, Jonathan T Finnoff,%* Tariq M Awan,*
Joanne P Borg-Stein, Kimberly G Harmon @ ,° Daniel C Herman,
Gerard Malanga,®® Zubin Master @ ,'® Kenneth Mautner"’

7

Tiered approach to considering
orthobiologics for patients with

muscu I'DSI(E'I eta I CO nd iti ons Figure 1 A tiered approach to orthobiologic applications. The ultimate goal of evidence based
medicine is to use the best evidence to improve the care of individual patients. However, applying

- 1 : 2 : 3 best evidence to clinical practice is not always straightforward. As a result, the best available
Shane A Shaplm "4 Zubin Master ~ Jennifer R Arthurs, scientific evidence is often combined with other valuable factors including the clinician’s expertise

Kenneth Mautner and patient values and perspectives.



Clinical Pearls

« Be careful about comparing studies
— Not all PRP is the same
— Different preparations may be better for different conditions

— Consider other factors: Patient selection, dosing, timing of injection
(acute vs chronic phase)

Walter.Sussman@bsbortho.com



Innovations for
Active Healing

Thank You
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