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State of the Science
Regenerative treatments for osteoarthritis

Alfred C. Gellhorn
Associate Professor, Rehabilitation Medicine
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Outline

• Steroids - what’s the current use and evidence for/against
• Updates on biologics: PRP, stem cells
• Focus on prevention of secondary OA in post-traumatic injuries
• The newest frontier: gene therapy
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What’s new with steroids?
Is this just “old medicine”?
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Let’s start with AAOS guideline review

• 2008 guideline for OA treatment, updated in 2013
• Active recommendations AGAINST

• Hyaluronic acid, arthroscopy, glucosamine, acupuncture, 
lateral wedge insoles, joint lavage

• Recommendations FOR
• Strengthening exercise, weight loss for those with BMI > 25, 

NSAIDs or tramadol, total knee replacement
• Inadequate evidence — neither for nor against

• Manual therapy, unloader brace, tylenol, intraarticular steroids, 
PRP
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How much do practitioners follow 
guideline recommendations?

• Carlson, 2018
• Survey to members of American Academy of Hip and Knee 

surgeons
• Clinical vignettes including K-L grading scale (0-4)
• 345 responses
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For “moderate OA”

• Most commonly selected treatment were IA HA injection (not 
recommended)

• Most common treatment overall was steroid injection

• “given the unclear role of IA corticosteroids and the negligible 
benefit of IA hyaluronic acid, treating patients with moderate to 
severe OA has become difficult”
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Steroid usage over time

• Bedard JBJS Am 2018
• 1 million patients with 

knee OA 
• 38% received steroid 

injection
• 13% received HA 

injection
• Corticosteroid use 

rose from 2007 to 
2013 and then 
plateaued



8

HA usage over time

• Small 
decrease in 
HA use 
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Differences between provider types?
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There are a few guidelines

• In summary: As of 2014, guidelines were still inconclusive or 
recommending steroid use. Physician usage for steroid injections 
were either stable or increasing up through 2015.

• And there’s more… a new steroid injection on the market!
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Microsphere formulation of 
triamcinolone

• Conaghan JBJS 2018
• Phase 3, double blind, RCT comparing extended release 

triamcinolone to saline and immediate release triamcinolone
• “Transitory nature of effect limited its practical value as a therapy”
• Pharmacokinetics show efflux of steroid out of the joint within 

hours of injection
• Microsphere injection shows measurable triamcinolone within the 

joint for >12 weeks
• PLGA degrades to oligomer units then lactic and glucolic acid then 

CO2 and H2O
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The first real long term evidence that 
steroids are degenerative

• RCT, 140 patients
• IA triamcinolone vs saline  

every 3 months
• Prior 2 year investigation had 

concluded no adverse events 
on cartilage based on no 
change in XR (but this is 
highly insensitive!)
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• Clearly no clinical difference between groups at any time point
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Evidence of cartilage degeneration

• Roughly double the loss of cartilage thickness in the steroid group
• -0.21 mm vs -0.10 mm

• is that a lot or a little?
• healthy 18 year old knee has 1.6 mm cartilage.  



17

Is this cartilage loss backed up by basic 
science?

• Dragoo (2015)
• 40 studies
• Dose-dependent deleterious effect of steroid on articular cartilage
• Question of low dose benefits?

• 2-3 mg/dose in vivo
• Mediation of protein production and breakdown
• At lower doses cartilage structure is maintained
• At higher doses there is gross cartilage damage and loss of 

cartilage macromolecules
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My conclusions about steroid use in 
knee OA

• Most guidelines still recommend or equivocate about steroid use, 
but published 2012-2014

• Steroid use remains very high among practitioners, and rising 
among orthopedic surgeons 

• Good data suggests that steroid use is degenerative and results in 
2x cartilage loss (2017)

• Animal and in vitro human data supports dose dependent 
degenerative effect on cartilage

• I strongly limit steroid use in OA 
• Expect guidelines to decrease strength of recommendation about 

steroid in future guidelines
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Platelet rich plasma (PRP) in 
osteoarthritis

• Over the past 3 years:
• Accumulation of clinical trial evidence on effectiveness of PRP
• Attempt to understand what type of PRP is being produced

• Effect of different preparations for specific conditions
• Beginning to monitor local changes within the joint, synovial 

fluid, long term structural changes
• Attempts to study disease modification and prevention for 

early and post traumatic OA
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Acceleration of clinical evidence

2008. First report 
of PRP in OA. 
Retrospective 
review of 60 
patients

2012. First RCT 
on PRP for knee 
OA

2018. 15 RCTs for 
knee OA, 3 RCTs 
for hip OA. 3 
systematic 
reviews or 
metanalyses
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Trying to understand the local joint 
environment
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• Clinically meaningful improvement in IKDC and VAS pain scores at 25 
weeks and 52 weeks

• First study to concurrently monitor synovial levels of inflammatory 
markers: IL-1b and TNF-a
• lower levels of inflammatory markers at 12 weeks
• Lag between inflammatory change and clinical change?
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• Of 105 studies, only 10% 
provide clear description 
of preparation protocol

• 16% provide qualitative 
metrics on the final 
product
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Proposed classification systems

• PLRA (Platelet count, Leukocyte content, Red blood cell content, 
Activation). Mautner 2015

• DEPA (Dose of platelets, Efficiency of production, Purity of PRP, 
Activation of PRP). Magalon 2015

• 1234AB (WBC count, Activation, Platelet Count). Mishra 2012
• PAW (Platelet concentration, Activation, WBC count). Delong 2012



27

LOW HIGH

How much do systems differ in what they produ
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• Buffy coat systems = rich in WBC. Plasma systems low WBC
• WBC - increase in some GF including VEGF
• On the other hand, inflammatory effects on target tissue, pro 

inflammatory cytokines
• In knee OA, leukocyte poor appears more beneficial
• In tendinopathy, leukocyte rich appears more beneficial
• Future = match PRP to application

LOW HIGH
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PRP Powder?
• Given challenges of producing anything resembling a standardized 

product…
• Pooling multiple donated platelets and lyophilizing them
• Kieb et al, AJSM 2016
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• PRP via traditional kit : 4x platelet concentrate, leukocyte rich, 
some RBCs

• Platelet concentrate from apheresis : 6x platelet concentrate, 0 
WBC, 0 RBC
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• PRP powder had higher growth factor 
concentrations for VEGF, PDGF-AB 
and TGF-B1

• Overall comparable to “classic” 
established PRP product

• Adjust by increasing or decreasing 
amount of powder used

• Does this satisfy the consensus call 
for standardization? 
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• GF concentrations not negatively affected by WBC depletion and 
gamma irradiation

• GF not depleted by lyophilization
• Platelets have been lyophilized for 60 years, previously for military 

casualties and aimed at control of bleeding  (IV delivery)
• Allogenic origin - possibility of allergic or immune reaction
• Transmission of disease concerns

• Leukodepleted and gamma irradiated should prevent 
transfusion associated GFHD

• Regulatory issues - blood transfusion laws. Drug?
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Update on in vivo effects of PRP: 
disease modification?

• Human PRP effects on a mouse model of OA (collagenase)
• Hypothesis that PRP has a protective effect after trauma and 

inhibits inflammation
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Attenuation of symptomatic OA

• PRP group has early 
increase in weight 
bearing on the OA limb

• Saline treated knees 
developed OA based on 
cartilage analysis

• PRP treated knees 
developed significantly 
less OA (p=0.05)
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Synovial findings

• Day 5, both groups have 
similarly thickened synovium

• Day 21, significantly less 
thickening in PRP group

Saline PRP
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More inflammatory findings

• Staining for macrophage with inflammatory phenotype (iNOS, CD206, 
CD163)
• Less in PRP knees

• Comparing synovial findings to pain findings in each mouse
• Synovial thickening was directly related to time spent offloading 

the limb

• Summary - PRP injections soon after injury reduce synovial 
inflammation, decrease pain, protect cartilage
• Main effect seems to be modulating synovial macrophage 

response
• Early intervention may be important
• Future: investigation of best time points for PRP after trauma and 

confirm chondroprotective effects of PRP long term
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On tap…

• RESTORE trial (Australia), n=288. Enrolling 2018.
• In addition to clinical symptomatic reports, collection of 

• Medial tibial cartilage score (MRI) at 12 months, plus other MRI 
measures

• evaluation of PRP - cytokines, growth factors
• economic analysis - incremental cost per unit change in pain 

score
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A gene therapy approach to OA

• IL-1 synthesized locally by synovial cells is a mediator of disease 
progression

• IL-1 receptor antagonist (IL-1Ra) can block signaling, but 
conventional models of delivery do not sustain intraarticular levels

• DNA for IL-1Ra is linked to a promoter, packed into an adenovirus 
vector, and injected into the joint

• Cells in the joint “infected” by the virus continuously synthesize 
and release IL-1Ra

• AAV Virus is not associated with human pathology
• IL1-Ra has a favorable safety profile in clinical trials
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• Midcarpal joints of the horse forelimb, 
similar to human knee in size and function, 
also prone to OA

• Dose: Injection of 1 trillion viral genomes 
found to elevate IL1-Ra for 6 months by 40x

• Vector effectively contained in the articular 
tissues at the site of injection

• 10 horses in AAV group, 10 saline
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• IL1-Ra present in synovial fluid but not in the serum
• Peak at 2 weeks
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IL1-Ra reduced lameness

• Gradual but progressive reduction in lameness

• Reduction of inflammation and enhanced cartilage repair

• effusion
• synovial thickening
• marrow edema

• adjacent cartilage
• osteochondral repair
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Gene therapy conclusions

• can provide persistent Il-1Ra expression at relevant levels
• Resultant reduced lameness
• Improved repair of damaged bone and protection of adjacent 

cartilage
• No adverse response to the vector
• Minimal IL-1Ra outside the joint

• As a potential OA treatment:
• sustained drug delivery after single injection for at least 6 mo
• Overproduction of IL-1Ra has little apparent adverse 

consequence
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PRP evidence

Stem cell evidence
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Stem cell injections in knee OA
• What do mesenchymal stem cells normally do?

Direct Differentiation

Provide replacement units 
for expired cells

Trophic effects

Secretory sources

Broad spectrum of growth 
factors and cytokines
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TROPHIC EFFECTS IN OSTEOARTHRITIS

• Patients with OA demonstrate variable amounts of synovitis

cartilage matrix fragment
from damaged cartilage

synovial macrophage
knee OA

STIMULATES

SLOUGHS OFF

inflammatory cytokines

STIMULATES

osteophytes

MSC
EFFECT



ANIMAL MODELS: SUMMARY

RABBIT MOUSE GOAT

CELLS INJECTED ADIPOSE STEM CELLS ADIPOSE STEM CELLS BONE MARROW MSC

OA MODEL ACL TRANSECTION COLLAGENASE ACL + MENISCUS

CELL PERSISTENCE MENISCUS AND SYNOVIA SYNOVIA INITIALLY THEN GONE MENISCUS, SYNOVIA, FAT PAD

CARTILAGE EFFECTS ⬇ DESTRUCTION ⬇ DESTRUCTION ⬇ DESTRUCTION

MATRIX EFFECTS ⬇ ENZYMES

MENISCUS EFFECTS NEOMENISCUS

BIOCHEMICAL MARKERS ⬇ INFLAMMATORY

BONE CHANGES ⬇ OSTEOPHYTES ⬇ OSTEOPHYTES  ⬇
SCLEROSIS
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Human data from trials is very limited

• 2017 systematic review (BJSM) found only 6 trials for knee OA, all 
at high risk of bias

• 2018 systematic review (Osteoarthritis and Cartilage) commented 
on inconsistency among studies
• MSC type, number of cells injected, use of adjuvants
• Similar to earlier days of PRP studies!

• All studies had inadequate blinding, most had other major analysis 
problems such as co-intervention (HA, PRP injections)

• Safety appears good up to 60 months
• Trend for positive effect as Level 3 or 4 evidence

• FDA stance: regulate clinics that advertise stem cell procedures, 
and allow case by case determination between physician and 
patient
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Take home

• Steroids
• Still in wide use
• New data since last round of guidelines likely to decrease 

recommendation for use
• PRP

• We’re getting better at reporting what PRP we are using
• We’re starting to correlate changes in the joint with PRP 

administration to get better understanding of mechanism
• Are we getting closer to preventing disease progression?

• Stem cells
• Jury remains out
• Inconsistency in study design needs much more work

• Gene therapy
• A bold, new approach
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Thank you
Questions?
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