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What would PRP or 
stem cells work for? 

• Cartilage regeneration

• Knee osteoarthritis

• Tendonopathy/tendon to bone healing

• Rotator cuff tears

• Tennis elbow, achilles tendonopathy



-RBC’s

+/-WBC’s

Plasma and
platelets

Platelet Rich Plasma: 
“Volume of plasma that 

has a platelet count 
above the baseline of 

whole blood.”

What is PRP?



Caption™
Smith & Nephew

Cascade™ MTFSymphony II™ DePuy

Magellan™ Medtronic GPS®III  Biomet

Arthrex ACP™

All PRPs are NOT the same!



Platelet-membrane-based
➢ 1100 proteins
➢ The Good:
TGF-B – Transforming growth factor
PDGF – Platelet derived growth factor
IGF – Insulin-like growth factor 
FGF – Fibroblast growth factor
VEGF – Vascular endothelial growth factor 
Cell-adhesion molecules – fibronectin, fibrin, 
vitronectin

Not so good
Growth factor inhibitors…they are there too

PRP releases potent growth factors



• Amount of whole blood used 

• Efficacy of platelet recovery

• Final volume of plasma in 
which the platelets are 
suspended.

Final platelet and growth factor concentration 

dependent upon:

> 50% variance in platelet concentrating ability – even 
with the same technique.

Castillo et al.  Am J Sports Med

But the actual amount is not consistent…



• 8 subjects

• Mean age 31.6 years

• 3 repetitive blood draws

• Conclusions

• PRP > whole blood in plt conc

• Single = Double spin techniques

• High variability within systems

…and PRP can vary from day to day in the same individual.



…and PRP can vary from day to day in the same individual.

• Cell counts inconsistent day to day

• Has implications since PRP is often 
given repetitively

• Biologic factors that may influence 
this variability unknown



Will PRP work for my aching knee?

Hilton Head Island Stem Cell Therapy Fraum Chiropractic Life Center



6/9/202222

AJSM 2017

No difference in WOMAC Pain
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AJSM 2017

Mild OA, lower BMI worked better
lowers pro-inflammatory cytokines.

Conclusion: “significant improvements were seen 
in other patient-reported outcome measures, 
with results favoring PRP over HA.” 

Improved IKDC Scores 6-12 
Months with PRP

Inflammatory markers
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Systematic Reviews of Level 1 and Level 2 evidence

Riboh et al AJSM 2015
Meheux Arthros 2016

Khoshbin et al Arthrosc 2013

Chang et al APMR 2014

Studies favor PRP with modest effect
No evaluation of alteration of natural history



Within the PRP group, the concentrations of platelet-derived growth factors 
were high in patients with a score above the MCID for VAS at 6 months.

Randomized controlled trial (Level 1 evidence)

--works for all areas of the knee equally well
--more patients reached MCID with PRP vs HA
--no statistical difference in clinical outcomes



• PRP and Early OA

• Level 1, 2 evidence

• SAFE for patients who want to use it

• Likely beneficial with LP-PRP

• Effect size relatively small

• No long term data on natural history

• No MRI findings showing cartilage 
preservation Or cartilage growth
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Chronic Tendonopathies
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▪Elbow epicondylitis

▪Achilles tendinopathy

▪Jumper’s knee

▪Conditions that have not done well 
historically with surgical treatment

• Increased growth factors in necrotic, 
degenerative tissue areas
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▪Level II evidence

▪20 patients with refractory epicondylar pain

• PRP w WBC single injection vs. bupivicaine

▪6 month time point, PRP group with 81% 
improvement in VAS scores

▪25-month f/u – PRP group with 93% reduction in 
pain

AJSM 2006
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▪RCT, level II, double-blinded

▪230 pt, chronic lateral epicondylar tendinopathy 
3 mo in duration

• 116 in PRP, leukocyte-enriched

• 114 in active control

▪12-week no difference

▪24-week significant improvement in pain and 
reduced tenderness

Summary for Lateral Epicondylitis

Decent level 1 evidence to support
PRP over steroid to improve symptoms

Use LR-PRP for lateral epicondylitis

AJSM 2014



2019
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AJSM 2015

Conclusions:
“Platelet-rich plasma is a safe and 
promising therapy in the treatment of 
recalcitrant PT. However, its superiority 
over other treatments such as physical 
therapy remains unproven.”



What about PRP for tendonopathy/PTRCT?

Randomized patients with partial tears to steroid vs PRP injection

Both groups got better
PRP slightly better than steroid at 12 weeks
No difference at 6 months
No difference in MRI findings at 6 months

EJOST 2016



Slight improvement with 
PRP at 3 months, no 
difference at 6 months

KSSTA 2015

What about PRP for tendonopathy/PTRCT?



Rotator Cuff Repair Studies

PRP doesn’t work!

• No difference in UCLA scores outcomes at 6, 12, 24 months

• Randelli et al JSES 2011

• No significant difference in Constant and tendon scores on 
MRI

• Castricini et al AJSM 2011

• Wang et al AJSM 2015

• No difference in clinical scores at 1-yr f/u, possible negative 
effect on healing

• Jo et al AJSM 2011

• Rodeo et al AJSM 2012

• Weber et al AJSM 2015
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Rotator Cuff Repair Studies

PRP might work?

• Early pain reduction, no difference in 
healing

• D’Ambroisi  MSK Surg 2016

• Holtby AJSM 2016

• Improved healing in large tears (SR only)

• Pandey JSES 2016 

• Jo et al AJSM 2015 

• (3% PRP vs 20% Control)
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• Prospective RCT of 54 patients at  5 
years after RC repair of small to 
medium tears
• No difference in clinical outcomes

• No difference in retear rates

• “PRP did not enhance healing rates 
or clinical outcomes at 5 years”
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Arthroscopy 2021

Retear rates were lower--19% vs 25%
Constant score better—did not meet MCID
ASES, UCLA score no different

Compared different types of PRP---only ‘pure’ PRP seemed to make a difference



Summary for rotator cuff

• Not beneficial for partial 
tears

• May add some benefit to 
decrease retear rates

• Other options (scaffolds, 
augments) may be better



What I tell patients about PRP

• PRP is overall SAFE

• Probably will make some conditions better

• Not all formulations are the same

• Daily concentrations of platelets and growth factors are 
actually different

• Seems to be effective for: Early knee OA, tennis elbow.

• Not very effective for: other tendonopathies, spine

• Clinical effects are going to be variable—and that’s why the 
studies are so all over the place!



Stem cell treatments



Biologics are symptom-
modifying but not 
structure-modifying

▪ Currently available “biologics” are generally believed to function by producing 
anti-inflammatory and immunomodulatory factors 

• Autologous blood products: PRP, autologous conditioned serum, autologous 
protein solution

• Cell therapy formulations: Bone marrow aspirate, adipose-derived stromal 
vascular fraction, umbilical cord blood cells, amniotic tissue

▪ These anti-inflammatory and immune-modulating factors can lead to pain relief

▪ However, although numerous anabolic cytokines and growth factors are 
delivered by these products, there is currently very little data to suggest true 
tissue regeneration

https://www.google.com/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&ved=2ahUKEwjrstrTg8bZAhVGnOAKHQ7sBsoQjRx6BAgAEAY&url=https://www.ppschicago.com/press-media/&psig=AOvVaw2TrprDESzfbHu4so0mEJUj&ust=1519818484391409


HCT/P 
Minimal 

Manipulation



Definition of 
Stem Cells

3 Key Characteristics

• Unspecialized cells 

• Capable of self renewal

• Induced into specialized tissue with the 
right signals

Defined by their cell surface 
markers

• MSCs CD117+,CD34-

• ESCs CD134, CD31-



Stem Cells

• Adult and Embryonic Stem Cells

• Mesenchymal, hematopoietic, juvenile

• Stromal Vascular Fraction (Fat)

• Induced pluripotent stem cells (iPSC)

• Amniotic Membrane



How do Stem Cells Work? (does it matter?)



“There is level-3 or level-4 evidence for the use of stem 
cell injection of different types in the treatment of KOA 
when evaluating PROMs, pain and radiographic, 
arthroscopic and histological outcomes. It should be 
noted that all treatments were additional to surgery, HA 
or PRP injections. All studies were found to be at high 
risk of bias. Therefore, we do not recommend to use 
stem cell therapy for patients with KOA” 







Evidence that Stem Cell Therapy Works for 
Musculoskeletal Conditions

Improved structural outcomes 
(14% retear vs 28%)
NO difference in clinical 
outcomes



Culture-expanded cells CAN lead to neo-tissue formation

Clinical results and second-look arthroscopic 
findings after treatment with adipose-derived 

stem cells for knee OA
Koh et al, KSSTA 2015

• Lipoaspiration 1 day pre-op → centrifugation in lab

• Mean 4.1 × 106 adipose stromal vascular fraction cells
+ arthroscopic lavage

• N=30 elderly patients (≥65 years) with knee OA

• Majority had significant improvement in all clinical 
outcomes at final F/U

• Improved or maintained cartilage status at  2 years 
post-op on second-look arthroscopy in 14/16 patients

Treatment of Knee OA With Allogeneic Bone Marrow 
Mesenchymal Stem Cells: A Randomized Controlled Trial

Vega et al, Transplantation 2015

▪ Allogeneic culture-expanded bone marrow MSCs 
by intra-articular injection of 40 × 106 cells  N=15

▪ Control group: hyaluronic acid injection   N=15

▪ The MSC-treated patients displayed significant 
improvement in functional indices versus controls 
treated with hyaluronic acid

▪ MRI T2 relaxation measurements showed 
significant improvement in cartilage quality in cell-
treated group



• Injection of autologous adipose tissue-derived  MSCs for knee OA   N=18 with knee OA   (mean age, 61.8  yr)

• Low-, medium-, and high-dose groups (1.0 × 107, 5.0 × 107, and 1.0 × 108 MSCs)

• MSCs improved knee function (WOMAC, Knee Society clinical rating system, VAS, and  KOOS)

• Better results in the high-dose group at 2 years

• Some cartilage regeneration seen in high dose group, but this tissue then gradually disappeared

• Conclusion: Potential concerns about the durability of clinical and structural outcomes

Intra-articular Injection of Mesenchymal Stem Cells for the Treatment of OA of the 
Knee: A 2-Year Follow-up Study.

Jo et al, American J. Sports Medicine 2017

However, function and durability of regenerative tissue unknown



The current regulatory environment in the U.S. prohibits cell 
sorting and culture expansion of cell therapy formulations

• It is important to distinguish cell populations freshly harvested from native 
tissues from culture-expanded cell populations

• We cannot perform ex-vivo “manipulation” of cell formulations (cell 
sorting, culture expansion, etc.)

• The number of true “stem cells” by cellular, molecular, or functional 
criteria in currently used formulations is vanishingly small

• Culture-expanded populations are highly selected and fundamentally 
different from the mixed starting population of progenitor cells that 
contribute to their generation

• The heterogeneous cell populations currently used are poorly-
characterized

• The identity and biological activity of these cells are largely unknown

• We need sentinel markers of cell purity, potency, and biological activity

• → All of this suggests that tissue regeneration to delay arthroplasty would 
be unlikely and unpredictable



Non-manipulated cell formulations used in the U.S. do not 
lead to tissue regeneration

A Prospective, Single-Blind, Placebo-Controlled Trial of 
Bone Marrow Aspirate Concentrate for Knee OA
Shapiro et al, American J. Sports Medicine 2017

• Single-blind, randomized placebo-controlled trial

• 25 patients with bilateral knee OA randomized: 
BMAC in one knee and saline placebo in other

• Cells NOT culture-expanded

• OARSI and VAS pain scores improved in both knees

• No significant difference between treated knees

• Pain relief  BMAC = saline-treated arthritic knees

Quantitative T2 MRI Mapping and 12-Month 
Follow-up in a Randomized, Blinded, Placebo 

Controlled Trial of Bone Marrow Aspiration and 
Concentration for Osteoarthritis of the Knees

Shapiro et al, Cartilage 2019

▪ T2 MRI cartilage mapping at 6-month 

▪ T2 quantitative MRI mapping showed 
no significant changes post-treatment

▪ MRI cartilage sequences failed to show 
regenerative benefit with single BMAC 
injection

▪ Mechanisms of action that led to pain 
relief not due to cartilage 
“regeneration”
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AJSM July 2021

“Cell viability in the cord blood product was less than reported by the manufacturer, the 
cells were primarily leukocytes, no stem cells were present, and the concentration of IL-
1ra was falsely increased due to nonspecific antibody binding in the sample.”

Obtained cord blood product from company and assessed for:

Cell viability
Cell type 

Protein expression
$5500-7500



What I tell my patients about 
Stem Cells

• Some stem cell procedures work!  

• MACI (data from 1990s onward)

• Not all stem cells are the same.

• Not all injections of stem cells are going to be 
safe.

• Stem cells do not have a conscience.

• Limited data at this point in time to support 
minimally manipulated stem cells in their ability 
to promote healing. 



What’s on the horizon?

• Regulation of stem cell/aging clinics

• Harnessing endogenous cells, patient specific 
treatments? 

• Better studies, lack of financial incentive in 
studies
• Would better study design lead to successful 

biologic strategies or do we need a different 
strategy? 

• What do we do at UCSF? 
• Orthopedic Regenerative Center
• Research—how/why some treatments works
• Inform patients of the evidence
• Starting September 2021
• Email me brian.feeley@ucsf.edu
• Follow us: 6to8weeks podcast, @drbrianfeeley

NO!!!!

mailto:brian.feeley@ucsf.edu


Thank you


