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Regenerative Medicine
• Increasingly popular in both human and veterinary medicine for 

managing osteoarthritis as well as soft tissue injuries
• Stimulate healing in traditionally poorly healing tissues such as 

cartilage, tendon, and ligament
• Often used to adjunct surgical, medical, and/or rehabilitation 

therapy
• Two most common forms in the Companion Animal:

• Platelet Rich Plasma (PRP)
• Stem Cell Therapy



Platelet Rich Plasma (PRP)



Platelet Rich Plasma (PRP)
• Platelet rich plasma (PRP) is an autogenous fluid 

concentrate composed primarily of platelets and 
growth factors.

• Platelets contain alpha granules that release growth 
factors to stimulate other cells of the body to migrate to 
the area of trauma, thus facilitating tissue healing.

• Growth factors:
• Platelet-derived growth factor (PDGF)
• Transforming growth factor-β1 (TGF-β1)
• Transforming growth factor-β2 (TGF-β2)
• Vascular endothelial growth factor (VEGF)
• Basic fibroblastic growth factor (bFGF)
• Epidermal growth factor (EGF) 

http://sportsandorthocenter.com/wp-content/uploads/2013/07/23.-platelet-rich-
plasma-treatment.png
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Platelet Rich Plasma (PRP)
Where’s the Evidence??
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PRP Studies: ACL Model
• Bozynski et al showed that dogs with ACL injury treated with one 

single intra-articular injection of leukoreduced PRP had less pain, 
lameness, effusion, and synovial inflammatory and degradative 
biomarkers at 8 weeks post treatment when compared to dogs 
treated with rest and nonsteroidal anti-inflammatory drugs.

• Cook et al showed dogs that underwent a partial ACL transection and 
meniscal release in one knee and received 5 weekly leukoreduced
PRP injections had significantly improved orthopedic examination 
findings, less synovitis and evidence of ACL repair arthroscopically, 
and less severe changes histopathology 6 months post treatment 
compared to dogs who were treated with saline.

• Xie et al showed PRP enhances autograft revascularization and 
reinnervation in dogs who underwent ACL reconstruction.

• Venator et al showed a single injection of PRP improved kinetics for 
minimally 4 weeks, possibly up to 12 weeks, in dogs with unilateral or 
bilateral CCL injury (non-stabilized)

• Vilar et al showed a single PRP injection improved joint kinetics and 
AROM for up to 12 weeks.

Bozynski CC, Stannard JP, Smith P, et al. J Knee Surg. 2015
Cook JL, Smith PA, Bozynski CC, et al. J Orthop Res. 2016.
Xie X, Zhao S, Wu H, et al. J Surg Res. 2013.
Xie X, Wu H, Zhao S, et al. J Surg Res. 2013.
Venator JP et al. Vet Med (Auck). 2020.
Vilar JM et al. PLoS ONE. 2018.



PRP Studies: Tendinopathy
• Ho et al showed that in dogs with 

supraspinatus tendinopathy treated 
with a single PRP ultrasound guided 
injection had subjective improvement 
in lameness and function in 40% of 
dogs with improved tendon 
heterogeneity and in 60% of dogs 
with improved tendon echogenicity 6 
weeks following treatment. Ho LK, Baltzer WI, Nemanic S, et al. Can Vet J. 2015.



PRP Studies: Osteoarthritis
• Kazemi et al showed that in dogs 

with experimentally induced full 
thickness cartilage defects treated 
with either leukocyte and platelet rich 
plasma (L-PRP) or leukocyte and 
platelet rich fibrin (L-PRF) had 
significantly better mean 
macroscopic and microscopic scores 
compared to controls at 4 and 16 
weeks post treatment.

Kazemi D, Fakhrjou A. Iran Red Crescent Med J. 
2015. DOI:10.5812/ircmj.19594



PRP Studies: Osteoarthritis

• Two groups PRP or PRP + physical therapy
• Evaluated at baseline and at 30, 90, and 180 days after 
• After 180 days, the PRP group showed a decrease in PVF and VI 

with respect to the values obtained at 90 days. 
• However, the PRP + physical therapy group maintained increased 

values of both PVF and VI values during the 180-day study period.



PRP Studies: Osteoarthritis

• 5 dogs with OA treated with 1 IA injection of PRP
• Subjective lameness and pain scores evaluated at 30, 60, and 90 days
• All animals presented improvements at 30 and 60 days in both 

parameters. 
• Four dogs showed a decrease of three grades of lameness after 90 days 

and there was complete absence of lameness in 2 days. 
• Pain was reduced from severe and moderate to mild in all the dogs after 

30 days, and among them, three revealed no pain after 90 days. 



PRP Studies: Osteoarthritis

• 10 dogs with unilateral or bilateral elbow OA given a single injection of 
PRP

• 10 dogs in control group
• All dogs had grade II/III or III/III radiographic osteophyte grade at day 0

• Moderate to severe elbow OA
• No significant differenced in objective gait analysis, CBPI, or elbow flexion
• Concluded that a single injection of PRP may not be appropriate for 

modified to severe OA and that a series on injections should be 
considered instead



PRP Studies: Osteoarthritis

• 20 dogs with moderate and severe OA treated 
• 10 treated with 2 IA injection of PRP 14 days apart
• PRP group had significantly better CPBI, HVAS, LOAD, PIS, 

PSS, QOL scores than control group at multiple time points, 
some up to 180 days



What can we gain from the research?
• PRP has been used to help manage both osteoarthritis and soft 

tissue injury in dogs.
• Multiple injections of PRP can be used (PRP series).
• PRP appears to be well tolerated and safe.
• PRP can easily be done in clinical setting.



Multiple Systems for PRP



How do I choose a PRP 
System??



How Do I Choose a PRP System
• Good price point
• Spin or Gravity Separation
• Validated to produce the “Ideal PRP” in 

the species you’re using it in



What should the “Ideal 
PRP” contain??



The “Ideal” PRP– The Short Answer
• Increased Platelet Concentration
• Minimize RBC Concentration
• +/- Neutrophils

• Reduce Neutrophils for OA
• +/- Neutrophils for ST injury

Carr BJ. Vet Clinics of NA. 2022



What does PRP look like 
clinically??



PRP Protocol
• Blood collection (10-60 mls)
• Blood is centrifuged or filtrated and 

PRP produced
• Increases the concentration of 

platelets and growth factors 
• For OA PRP is injected

• Blind IA
• US or XR guidance

• For soft tissue injury PRP is injected 
under ultrasound guidance



PRP Clinical Applications
• Series of 1 to 3 injections every 2 weeks
• Usually performed under a light sedation
• IA injection or US guided
• Typically performed every 6-9 months
• Cost: $700-$1,000 per injection
• Recommend performed in conjunction with 

rehabilitation therapy



PRP Case Selection
• Osteoarthritis:

• Mild: 1-2 injections every 2 weeks
• Moderate: 1-2 injections every 2 weeks
• Severe: 1-3 injections every 2 weeks

• Soft tissue injury
• Grade 1-2/3 tendon injury
• 1-3 injections every 2-4 weeks
• MUST have US guidance



PRP Summary
• PRP has been used to help manage OA 

and ST injuries
• Easily done in clinical setting and 

incorporated into clinical practice
• Must be comfortable with administration 

techniques
• Intra-articular injections
• US Guided Injections



Stem Cell Therapy



Stem Cell Therapy
Adipose tissue and Bone Marrow as a source of stem cells:

• Readily available

• Yields a high volume of cells

• Low morbidity

• Able to differentiate into all cell lines 



Stem Cell Therapy
Where’s the Evidence??
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Stem Cell Therapy: Elbow OA
• Kiefer et al. reported that dogs with elbow osteoarthritis caused by 

spontaneous fragmented coronoid process that underwent arthroscopic 
fragment removal and a proximal ulnar ostectomy and received stromal 
vascular fraction or allogeneic stem cells had a more favorable outcome 
than those treated with surgery alone.

• Black et al. and Guercio et al. found significant improvement in 
subjective lameness, pain on manipulation, and owner-assessed 
outcomes in dogs with chronic osteoarthritis that were treated with 
adipose derived mesenchymal stem cells 1 month following treatment. 

• Kriston-Pal et al. showed significant improvement in lameness scores, 
arthroscopic analysis, and histopathological analysis in dogs with elbow 
OA treated with adipose derived MSCs.

• Kim et al reported significantly improved owner outcome scores in dogs 
with elbow OA treated with umbilical MSCs.  No significant improvement 
in PVF noted.

Kiefer K, et al. VOS Symposium Proc, 2013.
Black LL, et al. Vet Ther. 2008.
Guercio A, et al. Cell Biol Int. 2012.
Kriston-Pal et al. Can Vet J. 2017
Kim et al. Front Vet Med. 2019.



Stem Cell Therapy: Hip OA
• Upchurch et al found that dogs with hip osteoarthritis treated with SVF and PRP 

combination therapy had improved subjective lameness scores and owner-assessed 
outcomes.

• Cuervo et al reported that dogs with hip osteoarthritis that received a single intra-
articular injection of adipose-derived cultured stem cells had significantly better pain 
and function scores than control patients and those that received plasma rich in 
growth factors (PRGF).

• Black et al conducted a randomized, double-blinded, multicenter, controlled trial and 
found that dogs with chronic hip osteoarthritis treated with adipose-derived stem cell 
therapy had significantly improved lameness scores and compiled scores for 
lameness, pain, and range of motion compared with control dogs.

• Vilar et al reported that dogs with hip osteoarthritis who were treated with a single 
intra-articular injection of adipose-derived cultured stem cells had significantly 
reduced lameness quantified by force plate at day 180 following treatment.

• Maki et al reported that intra-articular administration of allogeneic adipose derived 
MSCs was well-tolerated and improved lameness scores and reduced pain for up to 
90 days.

Upchurch et al. AJVR. 2016
Cuervo B, et al. Int J Mol Sci. 2014.
Black LL, et al. Vet Ther. 2007.
Vilar JM, et al. BMC Vet Res 2013.
Vilar JM, et al. BMC Vet Res 2014.
Maki CB, et al. Front Vet Med. 2020.



Stem Cell Therapy: Stifle OA
• Yun et al showed that dogs with ACL transections who were 

treated with ADPC and PRP therapy had significantly more ECM 
synthesis and chondrocyte proliferation histiologically.

• Tsai et al showed that dogs with chronic stifle osteoarthritis who 
were treated with porcine adipose-derived stem cells had 
reduced lameness quantified by force plate at 12 weeks 
following treatment.

• Zhang et al used MRI and US to show significantly higher 
improvement in cartilage neogenesis and tissue recovery in dogs 
treated with umbilical MSC compared to the control group. 
Systemic and joint fluid inflammatory response markers in the 
treated group also decreased. 

Yun S, et al. Journal of Orthopaedic Surgery and Research. 2016.
Tsai SY, et al. World J Transplant. 2014.
Zhang B, et al. Stem Cell Int. 2018.



Stem Cell Therapy: OA

• Dogs with hip, elbow, stifle, or shoulder OA included in study
• Significant improvement in owner assessment, pain, and 

lameness scales.



Stem Cell Therapy: OA

• Single or repeated intra-articular administration of neonatal 
MSC in dogs with moderate to severe OA is a safe procedure 
and effective over a 24-month period. 



Stem Cell Therapy: Tendon Injury
• Case et al reported favorable results for 

one dog with a gastrocnemius strain 
treated with bone marrow derived 
mesenchymal stem cell therapy and a 
custom, progressive, dynamic orthosis.

Case JB, et al. Vet Surg 2013.



Stem Cell Therapy: Tendon Injury
• Canapp et al reviewed the cases of 55 dogs with 

supraspinatus tendinopathy that were treated with 
adipose-derived progenitor cells and platelet rich 
plasma.

• At 90 days following ultrasound-guided injection of 
ADPC-PRP, a significant increase in total pressure 
index percentage (TPI%) was noted in the injured 
(treated) forelimb and shoulder diagnostic 
musculoskeletal ultrasound revealed a significant 
reduction in tendon size (CSA) and significant 
improvement in fiber pattern of the affected 
supraspinatus tendon.

Canapp SO, et al. Vet Regen Med. 2016.



Stem Cell Therapy: CCL Injury
• Linon et al investigated engraftment 

of BMCs following IA injection in 
dogs with spontaneous CCL injury.  
This study found that BMCs engraft 
to the injured CCL as early as 3 
days following IA injection.

Linon E, et al.  The Veterinary Journal, 2014. 
http://dx.doi.org/10.1016/j.tvjl.2014.08.031 



Stem Cell Therapy: CCL Injury
• Muir et al found autologous bone 

marrow derived mesenchymal 
cells have an anti-inflammatory 
effect over an 8-week period after 
IV and IA injection in dogs with a 
partial CCL tear

Muir P, et al. PLoS ONE. 2016.
http://doi.org/10.1371/journal.pone.0159095 



Stem Cell Therapy: CCL Injury
• Canapp et al performed a retrospective study to evaluate the use of 

autologous bone marrow aspirate concentrate (BMAC) or adipose derived 
progenitor cells (ADPC) with PRP combination for the treatment of early 
partial CCL tears in dogs.

• Patients:
• Medical records of client-owned dogs were reviewed for cases diagnosed 

arthroscopically with an early partial (≤50%) tear of the craniomedial band of the 
CCL that were treated with BMSC-PRP or ADPC-PRP 

• Patients with concomitant stifle joint problems, or orthopedic or neurologic 
conditions affecting the hind limbs, were excluded from analysis. 

90 Day Stifle Arthroscopy (Available on 13 of the 35 dogs)
• Second look stifle arthroscopy revealed a fully regenerated CCL in 69% of 

dogs, significant improvement in 8%, while 23% failed. 

• 9/13 dogs: 
• Fully intact CCL with normal fiber pattern 
• Marked neovascularization 

• Blood supply to the region of CCL injury: Genicular artery.  

Canapp SO, et al. ACVS. 2016.

Day 0 Day 90



Stem Cell Therapy
Most commonly used:

• Bone Marrow Aspirate Concentrate (BMAC)

• Culture Expanded Bone Marrow Stem Cells 
(BMSC)

• Stromal Vascular Fraction (SVF)

• Culture Expanded Adipose Derived 
Progenitor Cells (ADPC)



Stem Cell Therapy: Which to choose??
• No study showing superiority of one vs another

• No study showing how many cells are needed for various injuries

• In house option:

• Bone Marrow Aspirate Concentrate (BMAC)

• +/- Stromal Vascular Fraction (SVF)

• Send out to lab:

• Culture Expanded Bone Marrow Stem Cells (BMSC)

• Culture Expanded Adipose Derived Progenitor Cells (ADPC)



Stem Cell-PRP Combination Therapy
Multiple studies have demonstrated synergy between Stem Cells and PRP:

Cells for Regeneration
• Tendon Matrix
• Inhibit scarring
• Improve healing

Growth factors
• Cell proliferation
• Trophic factors

Scaffold to provide template for cell attachment

Carvalho et al. Stem Cell Res Ther. 2013
Cuervo et al. Int. J. Mol. Sci. 2014 
Ricco et al. Int J Immunopathol Pharmacol. 2013
Martinello et al. J Orthop Res. 2013
Chen et al. J Orthop Res. 2012
Uysal et al. J Plast Reconstr Aesthet Surg. 2012
Manning et al. Acta Biomater. 2013
Zhang et al. Am J Sports Med. 2010
Pandi et al. BMC Vet Res. 2019.



Stem Cell Therapy: Case Selection
• Osteoarthritis:

• Moderate to severe osteoarthritis
• Soft tissue injury:

• Grade 2/3 injury
• Iliopsoas tendinopathy
• Supraspinatus tendinopathy
• Biceps tendinopathy
• Many more…

• Supplement surgical treatment for 
grade 3 injury



Stem Cell Therapy in Clinical Practice
• Stem Cell/PRP Combination Therapy
• Typically a single injection
• Usually performed under anesthesia
• IA injection or US Guided soft tissue injection
• Typically performed every 12 months
• Cost: $3,000-$4,000 per injection*

*Cost may change if MSC are banked



Stem Cell Therapy in Clinical Practice
• Recommend performed in conjunction 

with rehabilitation therapy

• Confirm healing with US or second look 
arthroscopy

• Some clients are opting to collect adipose 
from the falciform ligament at the time of 
neuter for culturing and banking ADPC for 
future use



Post Regenerative Medicine 
Recommendations
Things to do for the first 8 wks:
• Manual/massage therapy
• Class IIIb low level laser therapy

• Ok for use on treated area
• Home exercise program

Things to stay away from for 8 wks:
• NSAIDs and steroids
• Cryotherapy
• Class IV low level laser therapy

• If used, do not apply to treated area
• Therapeutic Ultrasound
• TENS/NMES
• Hydrotherapy



Case Study



Case Study
12 year old, female spayed Old English 
Sheepdog
• Presenting complaint: Difficulty getting up, 

lameness on walks
• Participating in weekly rehabilitation therapy 

and daily home exercise program
• Medications/Supplements: 

• Will not tolerate oral pain medications
• Chinese herbs
• Adequan twice monthly

• History of moderate bilateral hip 
osteoarthritis



Case Study
Physical Exam Findings:
• Grade 2-3/5 bilateral hind limb lameness (worse on 

left)
• Decreased range of motion in both hips

• Left Hip extension: 125 deg
• Right Hip extension: 135 deg

• Muscle atrophy of both hind limbs:
• Left HL: 47cm
• Right HL: 49cm

• Bilateral iliopsoas tension upon palpation on stretch



Case Study
• Initial Radiographs: Evidence of moderate 

bilateral hip dysplasia and osteoarthritis

• Owner elected to proceed with bilateral hip 
PRP IA injections and continue with once 
weekly rehabilitation therapy and daily 
home exercise program



Case Study
2 weeks post PRP
• Able to rise and move around home much easier
• Improved hip extension in left hip (130 deg)
• Improved lameness (grade 2/5 bilateral HL lameness)



Case Study
4 weeks post PRP
• Continued improvement in moving around her 

home
• Improved hip extension bilaterally (140 deg)
• Improved lameness (grade 2/5 bilateral HL 

lameness)



Case Study
Recommendations:
• Continue weekly rehabilitation therapy and daily 

home exercise program
• Continue all supplements
• Recommended a recheck at 8 and 12 weeks

Follow Up:
• Patient followed up at 9 months post PRP and 

wanted to repeat PRP therapy



Regenerative Medicine Summary
• Appropriate patient and client selection
• Choose the appropriate product and dosing
• Guide directly to the source of tissue injury
• Part of a multimodal approach
• Follow up with objective measures



Questions?
dr.brittcarrbenson@gmail.com
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