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Regenerative medicine in equine orthopaedics: what and when? 

 

Abstract 

The development of regenerative medicine has opened up many new therapeutic 

avenues in veterinary medicine. The focus of regenerative medicine in the horse lies 

primarily in the musculoskeletal system, where the consequences of injury make 

tendons, ligaments and joints particularly desirable targets for such interventions. This 

article focuses on what has been learned from the use of regenerative medicine in 

naturally-occurring tendon, ligament and joint disease in the horse. 

 

Introduction 

Defining regenerative medicine is difficult because the name implies the ability of 

the treatment to regenerate damaged tissues and, while this remains the goal, there is 

little evidence that any of the currently available treatments actually achieve this. 

Therefore the term ‘biological therapy’ is probably more suitable than regenerative 

medicine. However, this does not mean that the treatments are ineffective and there is an 

accumulating robust body of evidence, certainly for mesenchymal stem cells (MSCs), that 

they are able to modulate inflammation via paracrine activity and thereby induce better 

quality healing than natural repair. 

The consequences of injury within the musculoskeletal system (altered function 

because of fibrous healing) and the physical features of the disease (a ‘receptacle’ 

assisting ease of administration intralesionally) make tendon a particularly desirable 

target for the use of biological therapies. Other musculoskeletal diseases where 

regenerative medicine has attracted interest are in the treatment of joint disease, while 

work involving the use of veterinary clinical cases, mainly in small animal, have also 

investigated its use in spinal cord trauma and cardiac disease. 

There has been a considerable amount of work in experimental animal models on 

the effects of regenerative medicine on tendon healing and other musculoskeletal 

diseases. While these models serve an important role in investigating efficacy and 

mechanisms of action, they do not completely replicate all the features of natural disease. 

Therefore, studying the effects of these treatments in clinical cases provides more 



relevant information for the clinician and has taught us a considerable amount about this 

technology. 

Regenerative medicine generally encompasses the use of one or more of three 

components: scaffolds, growth factors, and cells. This article focuses on what has been 

learned from the use of the three most commonly used biological therapies: platelet-rich 

plasma (PRP), interleukin-receptor antagonist protein (IRAP) and mesenchymal stem 

cells (MSCs), in naturally-occurring tendon, ligament and joint disease in the horse. 

 

Platelet-rich plasma 

Platelet-rich plasma/concentrate (PRP) has gained popularity in the treatment of 

tendon and ligament injuries and, more recently, joint disease. Platelet-rich plasma 

contains high levels of those growth factors sequestered in platelets — most notably 

platelet-derived growth factor (PDGF) and transforming growth factor beta (TGF-beta1), 

but also vascular endothelial growth factor (VEGF), which promotes neovascularisation. 

It is not known whether these growth factors are optimal for tendon and ligament 

healing, but they have been demonstrated to have anabolic effects in vitro on both tendon 

explants from the superficial digital flexor tendon (SDFT) (Schnabel et al, 2007) and 

suspensory ligament explants and desmocytes (Smith et al, 2006; Schnabel et al, 2008), 

and are therefore logical factors to consider. 

However, because of the close association of platelets with normal fibrous healing, 

it could be postulated that PRP would promote an exaggerated fibrotic reaction rather 

than regeneration. Studies in experimental mechanically created tendon lesions in the 

horse have demonstrated improved organisation and in-creased strength after PRP 

treatment, although the stiffness of the repairing tissue was also increased (Bosch et al, 

2010). Use of PRP should therefore be best considered for those indications where 

exaggerated fibrosis is potentially less of a concern or even desired as part of the 

therapeutic strategy, such as to encourage the healing of a persistent lesion or after a 

severe mechanically destabilising injury that requires as rapid repair as possible. In 

addition, PRP is highly suitable for intra-operative use of biological therapies — which 

necessitates a ‘horse-side’ preparation. 

A further concern has been raised with regards to the presence of high white blood 

cell counts in some PRP preparations, because of the possibility that these cells will 



induce further inflammation through the release of inflammatory cytokines. It is not clear 

whether this concern has any relevance to the clinical use, but the use of PRP 

preparations with high white cell counts has been associated with increased 

inflammatory signs in joints after administration (Smit et al, 2019), therefore low white 

cell count preparations might be better to use when injecting intra-synovially. No 

reactions has been reported following injection of PRP with high white blood cell counts 

into soft tissues. 

Platelet-rich plasma can be prepared by either centrifugation or filtration, but is 

highly variable between individuals and preparatory techniques (Hessel et al, 2015). A 

closed filtration system has been developed (V-PET; Pall Corporation) that can be carried 

out horse-side and has the advantage of not requiring additional equipment, which 

minimises sample handling and therefore the risk of iatrogenic contamination. The 

technique involves taking 55 ml of venous blood, which is mixed with a capture solution 

in the collection bag before being passed through a filter where the platelets are captured. 

Back-flushing the harvest solution through the column recovers the platelet concentrate 

into a syringe with an average volume of 6 ml. 

Evidence of efficacy in comparison to other conventional treatments or natural 

repair is still lacking, although recent publications have suggested positive effects in small 

clinical series of both suspensory ligament and SDFT injuries (Arguelles et al, 2008; 

Waselau et al, 2008). In a series of clinical cases treated with the filtered platelet 

concentrate, the technique has been very well tolerated with no evidence of clinical 

inflammation after treatment, and has demonstrated resolution of the lameness and the 

ultrasonographic lesions within 2 months (Castelijns et al, 2011). 

There are no large data sets published on the efficacy of PRP in joints. Anecdotal 

reports suggest that the use of PRP in equine joints is safe and potentially beneficial, and 

a study suggests that it is effective in 50% of cases with osteoarthritis (Mirza et al, 2016). 

Dosages for intra-articular administration are similar to those for IRAP (see later). 

A survey of 123 studies on the use of PRP in equine and human musculoskeletal 

lesions reported that just under 50% of the studies reporting a beneficial effect. However, 

two-thirds of the studies that showed a beneficial effect had a high level of potential bias, 

while two-thirds of the studies that reported no benefit had a low risk of bias (Brossi et 



al, 2015). Recently, a well-powered study for Achilles tendon rupture in humans showed 

no benefit of PRP (Keene et al, 2019). 

Interleukin-1 receptor antagonist protein (IRAP; Orthokine; Autologous 

Conditioned Serum (ACS)) 

Interleukin-1 (IL-1) is one of the most prominent mediators at the top of the 

cascade for cartilage degeneration for which there is a naturally occurring inhibitor of IL-

1, interleukin receptor antagonist protein (IRAP) which binds to the IL-1 receptor to 

block the action of IL-1. This molecule is therefore an ideal candidate as a disease-

modifying osteoarthritic drug (DMOAD) as opposed to the current osteoarthritic drugs 

which are symptom-modifying (SMOADs).  Proof of concept for its effectiveness has been 

shown in a arthritis model using gene transfection (Frisbie et al, 2002).  

Incubation of peripheral blood over 24-hour at 37C results in stimulation of 

monocytes to produce an autologous conditioned serum (ACS) that contains elevated 

levels of: 

- interleukin-1 receptor antagonist protein 

- other beneficial cytokines and growth factors (Meijer et al, 2003). 

The incubated syringe can then be centrifuged to obtain the serum for injection 

into the affected joints.  A 50ml syringe of blood usually yields between 20-25ml of 

ACS.  This is the equivalent of 5-6 doses (see Table 1 for suggested dosages) which can be 

stored frozen for subsequent use.  The duration of IRAP in the joint, however, has been 

shown to be short – levels have been shown to return to baseline between 4 and 48 hours 

after injection. 

When tested in an equine OA model, injection of 6 mL ACS on days 14, 21, 28, and 

35 resulted in: 

- significant improvement in the degree of lameness on day 70 

- significant decrease in synovial membrane hyperplasia  

- significant increase in synovial fluid concentration of IRAP (Frisbie et al, 2007). 

The original indication was joint disease that failed to respond to intra-articular 

corticosteroids. However, clinical impressions of its use in chronic lameness have been 

disappointing. Most commonly it appears to be used mainly as ‘maintenance’ injections 

in mild lameness and performance problems in competition horses.  However, a 



controlled study in naturally-occurring osteoarthritis in horses showed a significant 

benefit in lameness using a similar, but white-cell rich, commercial preparation (APS; 

Prostride)(Bertone et al, 2014).  IRAP has also been investigated in the treatment off 

SDFT injuries where it showed potentially some subtle benefits (Geburek et al, 2015). 

 

Mesenchymal stem cells 

Choice of cell and choice of commercial products 

  The choice of cells has been more influenced by commercial availability and 

legislation than necessarily knowing which are the most effective, as few scientific 

comparisons have been performed to date. The two most common products available 

differ more by the preparation method than cellular source — these are the ‘minimally 

manipulated’ cell preparations from adipose tissue and the cultured preparations from 

bone marrow (Figures 1 and 2). The adipose preparations allow horse-side treatments 

that are more straight-forward and possibly easier to obtain licensing for, while the 

cultured bone marrow-derived MSCs are more homogenous but the technique more 

demanding (a two-stage process involving aspirating bone marrow from the sternum or 

tuber coxae followed by ex-vivo culture). In addition, there are other sources being used 

clinically, including cells recovered from peripheral blood, umbilical cord and teeth. Until 

recently, most clinically-used treatments were autologous, but there has been 

enthusiasm to adopt allogenic treatments because they are potentially cheaper and easier 

to undertake. However, legislation can limit their use because of logical additional safety 

concerns. So far, there have been few serious adverse reactions seen with the allogenic 

cells, although there have been detectable reactions when the implanted cells are MHC 

Class II positive (Schnabel et al, 2014) and with repeated injections (Ardanaz et al, 2016). 

Even though obvious adverse reactions may not be evident, there may be increased 

clearance of allogenic cells before they are able to exert their therapeutic effects, although 

initial retention rates are similar (see later). This indicates the need for better 

characterisation for clinical products and strategies for evading the host immune 

response (such as encapsulation). There are now good cell surface markers for equine 

cells (e.g. CD90, CD29 (de Mattos Carvalho et al, 2009; Ranera et al, 2011; Paebst et al, 

2014)), which offer easier characterisation compared to the traditional trilineage assays 

(differentiation into cartilage, bone or fat) as these are time-consuming, poorly 



quantifiable and may lack relevance because they do not include differentiate into the 

target tissue (eg, tendon) and may not reflect the true mechanism of action. 

Treatment protocol modifications 

For cultured cells, correct transport is essential to maintain cell viability.  

Implantation should be within 24 hours to minimise cell death, while longer transport 

intervals benefit from freezing (Garvican et al, 2014a).  Post intra-lesional injection, 

needle tracts are often visible and, while they have not seemed to alter outcome, there 

has been a tendency to use smaller diameter needles as a strategy to prevent them.  

However, needle size can influence the implanted stem cells by inducing apoptosis 

(Garvican et al, 2014a), therefore a minimum gauge of 20G is recommended (Garvican et 

al, 2014a).  In addition, concurrent administration of MSCs with corticosteroids or certain 

antibiotics is discouraged because of their effects on cell viability (Parker et al, 2012; 

Bohannon et al 2013; Edmonds et al, 2017). 

 

Tendon and ligament injury 

a) Extra-thecal tendon disease 

Injuries to tendons outside a tendon sheath (eg superficial digital flexor 

tendinopathy) heal by fibrosis and the resulting tissue is functionally deficient compared 

to normal tendon.  This has important consequences for the animal in terms of altered 

limb mechanics, reduced performance and a substantial risk of re-injury. Since the 

original publication demonstrating the feasibility of treating equine tendon injuries with 

MSCs (Smith, et al, 2003), the Tendon Biology Group of the RVC have investigated, both 

experimentally and clinically, the efficacy of bone marrow-derived MSCs (BM-MSCs) 

implanted under ultrasound-guidance into naturally-occurring superficial digital flexor 

tendinopathy.  

 

Tissue effects 

A controlled experimental study of naturally-occurring SDFT injuries (Smith et al, 

2013) demonstrated that BM-MSC treatment ‘normalised’ many tissue parameters so 

that they were closer to the contralateral, relatively normal and untreated, tendons than 

saline-injected controls.  



 

Engraftment and survival 

Initial studies in experimental equine models suggested there was only limited cell 

retention after implantation (Guest et al, 2010) and so we have investigated this further 

in naturally-occurring superficial digital flexor tendinopathy.  Labelled mesenchymal 

stem cells showed survival for up to 4 months in limited numbers, where the distribution 

was largely within the endotenon (Y. Kasashima – unpublished data; Figure 3).  No cells 

were retained when implanted into open defects.  Non-invasive monitoring using Tc99-

HMPAO showed only 24% retention after 24 hours but this was still considerably more 

than when implanted by regional perfusion or intravenously (Becerra et al, 2013). As a 

strategy to increase the number of retained cells, we (at the RVC) have increased the 

‘standard’ dose from 10 to 20 million and this has been supported by clinical outcome 

data (see below).  Work is underway to enhance retention by using scaffolds (solid or 

injectable).  Larger lesions are also treated with greater numbers of cells.  In addition, the 

more limited spread seen in these studies has encouraged implantation at transition 

zones and the use of longitudinal injection technique to improve distribution of the cells.  

 

Clinical effectiveness 

  An adequately powered study to demonstrate clinically meaningful reductions in 

the re-injury rate for superficial digital flexor tendinopathy requires treatment group 

sizes of approximately 100 horses (Smith and McIlwraith, 2012). An independently 

analysed study with n=113 evaluated the clinical outcome of SDFT injuries treated using 

the same technique in the UK (Godwin et al, 2012). Ultrasonographic appraisal of treated 

cases show a rapid filling-in of the hypoechoic lesions, although the longitudinal striated 

pattern did not return to normal. Histopathological examination on 17 tendons from 

postmortem samples obtained from 12 horses that had undergone MSC implantation 

showed both good quality healing with minimal inflammatory cells and crimped, 

organised collagen fibres. Furthermore, there was no evidence of any abnormal tissue or 

neoplastic transformation. In racehorses, the re-injury percentage was 27%, which was 

a significantly reduced re-injury rate (approximately one-half) compared with two other 

studies in racehorses where the inclusion and follow-up criteria were identical (p<0.05 

versus 56% (Dyson, 2004); p<0.01 versus 50% (O'Meara et al, 2010)). Outcome has also 



been analysed for SDFT injuries in sports horses treated with MSCs by the VetCell 

company (not independently validated; n=68). The re-injury rate was 19%, which was 

also approximately one half that previously documented for sports horses (Dyson, 2004). 

The re-injury rates were lower with shorter interval between injury and implantation 

and with ≥20 million cells (supporting increasing the standard dose to 20 million cells). 

 

b) Intra-thecal tendon disease 

 Intra-thecal tendon injuries (e.g. deep digital flexor tendon tears within the digital 

sheath) carry very different challenges. These lesions frequently communicate with the 

synovial cavity where synovial fluid causes death of the resident tenocytes (Garvican et 

al, 2017), and intra-thecal tendon has reduced cell numbers, no paratenon and limited 

vascularity, which limit healing. Mesenchymal stem cells coat the surface of tendon 

explants in vitro and modulate the release of matrix proteins (Garvican et al, 2014b), 

hence intra-thecal delivery of MSCs might offer a therapeutic benefit for an injury that is 

currently managed by debridement but carries a low success rate. However both an 

experimental study in sheep using both bone marrow-derived and synovium-derived 

MSCs (Khan et al, 2018; Khan et al, 2020), and a clinical trial in horses, failed to show any 

benefit in healing of tendon defects inside the digital sheath. Labelling of the cells showed 

that implanted MSCs engraft ed into the sheath synovium without any cells being present 

in the tendon defect (Khan et al, 2018; Khan et al, 2020), hence the intra-thecal injection 

of MSCs is currently not recommended for the treatment of intra-thecal tendon disease.   

Joint disease 

When tested in an equine OA model, injection of MSCs resulted in a significant 

reduction in PGE2 level with bone marrow derived MSCs and a significant increase in 

TNFalpha levels with fat de-rived MSCs, but with no other significant effects on other 

more clinically relevant parameters (Frisbie et al, 2009). While this early work suggested 

low efficacy, this has not prevented their wide-spread use with anecdotal reports of 

success, and more recent publications have suggested better clinical benefits (Frisbie et 

al, 2011; Broeckx et al, 2014). This recent work has led to the first cell product (Arti-Cell 

Forte, Boehringer Ingelheim) to gain European Medicine Agency market authorisation. 

This cell product consists of allogenic mesenchymal stem cells, recovered from equine 

blood and differentiated towards a chondrocytic phenotype where the cells lose their 



immunomodulatory capacity. While this seems to be at odds to the current hypotheses 

for stem cell mechanism of action in clinical disease, clinical studies have suggested that 

they are effective and the product has recently entered clinical use in the UK for the 

treatment of osteoarthritis.   

Intra-articularly administered MSCs do not appear to adhere well to cartilage and 

again mainly engraft into synovium. However, in an experimental menisectomy model in 

a large animal model (the goat), injected MSCs demonstrated both a reduction in severity 

of subsequent osteoarthritis and a degree of meniscal neogenesis not seen in controls 

(Murphy et al, 2003). Consequently there has been interest in using MSCs for the 

treatment of problematic meniscal injuries in horses, which carry a poor prognosis. A 

publication has supported this hypothesis, with improved effectiveness of MSCs in 

naturally-occurring meniscal injuries (Ferris et al, 2014) although the degree of 

improvement was mild. This author considers their use for the treatment of grade III 

meniscal tears, identified ultrasonographically or arthroscopically, where the joint is 

stable. 

A third use in joints is for incorporation with a bone substitute for the filling of 

subchondral bone cysts arthroscopically.  No clinical series have been published to date 

but anecdotal reports on clinical cases show that they can be effective but are probably 

best reserved for bone cysts that have been refractory to more conventional therapeutic 

approaches. 

 

Conclusions 

There is currently a wide array of stem cell preparations available to the 

practitioner. It is presently not clear which offers the most effective treatment, but better 

characterisation of biological therapies and comparative studies are desirable future 

goals to inform which are the best to use. Experimental and clinical evidence in naturally-

occurring tendon injury has shown that MSCs can have a significant benefit in the 

treatment of over-strain injuries where there is a contained lesion, with the greatest 

effectiveness being for large lesions treated early. In contrast, the evidence for the efficacy 

of intra-synovially administered MSCs for tendon tears inside tendon sheaths and bursae, 

or for joint disease, is more limited, so strong conclusions about their efficacy can not 



currently be made, although it is possible that they can offer some benefit for the 

treatment of some joint diseases. 

 

 

Figure legends: 

Figure 1 – Equine mesenchymal stem cells in culture.  These cells can be recovered from 

a variety of mesenchymal tissues, the most commonly used being bone marrow and fat 

but blood, umbilical cord and teeth are other sources that have been developed for 

clinical use. 

 

 

  



Figure 2 - Flow diagram of the sequence of events for the treatment of tendinopathy using 

autologous mesenchymal stem cells derived from bone marrow.  

 

 

  



Figure 3 – The distribution of autologous equine mesenchymal stem cells, labelled with 

Di-I, after implantation into a naturally-occurring superficial digital flexor 

tendinopathy.  Note that the number of stem cells retained is not high and they are 

distributed mostly within the endotenon tissue between the fascicles but also in smaller 

number within the fascicles.  While improving retention might improve efficacy, the 

paracrine activity of relatively small numbers of MSCs can still be sufficient to influence 

the healing process in a beneficial way. (Image courtesy of Dr. Yoshinori Kasashima, Japan 

Racing Association). 

 

  



Key Points 

 Regenerative medicine offers a unique strategy for the treatment o 

musculoskeletal disease 

 ‘Regenerative medicine’ techniques currently available are rarely, if ever, truly 

regenerative but have still been shown to improve healing.  Hence ‘biological 

therapies’ is probably a more accurate term at present. 

 The most commonly used biological therapies, prepared from the patient’s own 

blood or tissues, are platelet-rich plasma (PRP), interleukin-1 receptor antagonist 

protein (IRAP), and mesenchymal stem cells (MSCs) 

 Platelet-rich plasma acts by delivering anabolic growth factors 

 IRAP acts by delivering growth factors and possibly inhibiting interleukin-1 

 Mesenchymal stem cells most likely act through paracrine factors they secrete 

which are immunomodulatory and influence the inflammatory process to achieve 

more functional healing 

 In equine orthopaedics they are most commonly used for the treatment of tendon 

and ligament injuries and joint disease 

 

 

  



References 

Ardanaz N, Vázquez FJ, Romero A et al.. Inflammatory response to the administration of 
mesenchymal stem cells in an equine experimental model: effect of autologous, and 
single and repeat doses of pooled allogeneic cells in healthy joints. BMC Vet Res. 
2016;12(1):65. doi: https://doi.org/10.1186/s12917-016-0692-x  

Argüelles D, Carmona JU, Climent F, Muñoz E, Prades M. Autologous platelet 
concentrates as a treatment for musculoskeletal lesions in five horses. Vet Rec. 
2008;162(7):208–211. doi: https://doi.org/10.1136/vr.162.7.208  

Becerra P, Valdés Vázquez MA, Dudhia J et al.. Distribution of injected technetium 99m -
labeled mesenchymal stem cells in horses with naturally occurring tendinopathy. J 
Orthop Res. 2013;31(7):1096–1102. doi: https://doi.org/10.1002/jor.22338  

Bertone AL, Ishihara A, Zekas LJ et al. Evaluation of a single intra-articular injection of 
autologous protein solution for treatment of osteoarthritis in horses. Am J Vet Res. 
2014;75(2):141–151. doi: https://doi.org/10.2460/ajvr.75.2.141  

Bohannon LK, Owens SD, Walker NJ, Carrade DD, Galuppo LD, Borjesson DL. The effects 
of therapeutic concentrations of gentamicin, amikacin and hyaluronic acid on cultured 
bone marrow-derived equine mesenchymal stem cells. Equine Vet J. 2013;45(6):732–
736. doi: https://doi.org/10.1111/evj.12045  

Bosch G, van Schie HT, de Groot MW et al.. Effects of platelet-rich plasma on the quality 
of repair of mechanically induced core lesions in equine superficial digital flexor 
tendons: A placebo-controlled experimental study. J Orthop Res. 2010;28(2):211–217 

Broeckx S, Suls M, Beerts C et al.. Allogenic mesenchymal stem cells as a treatment for 
equine degenerative joint disease: a pilot study. Curr Stem Cell Res Ther. 
2014;9(6):497–503. doi: https://doi.org/10.2174/1574888X09666140826110601 

Brossi PM, Moreira JJ, Machado TSL, Baccarin RYA. Platelet-rich plasma in orthopedic 
therapy: a comparative systematic review of clinical and experimental data in equine 
and human musculoskeletal lesions. BMC Vet Res. 2015;11(1):98. doi: 
https://doi.org/10.1186/s12917-015-0403-z  

Castelijns G, Crawford A, Schaffer J, Ortolano GA, Beauregard T, Smith RK. Evaluation of 
a filter-prepared platelet concentrate for the treatment of suspensory branch injuries in 
horses. Vet Comp Orthop Traumatol. 2011;24(5):363-9. doi: 
https://doi.org/10.3415/VCOT-11-01-0001  

de Mattos Carvalho A, Alves ALG, Golim MA et al.. Isolation and immunophenotypic 
characterization of mesenchymal stem cells derived from equine species adipose tissue. 
Vet Immunol Immunopathol. 2009;132(2-4):303–306. doi: https://doi.org/10.1016/j. 
vetimm.2009.06.014  

Dyson SJ. Medical management of superficial digital flexor tendonitis: a comparative 
study in 219 horses (1992-2000). Equine Vet J. 2004;36(5):415–419. doi: 
https://doi.org/10.2746/0425164044868422  

Edmonds RE, Garvican ER, Smith RKW, Dudhia J. Influence of commonly used 
pharmaceutical agents on equine bone marrow-derived mesenchymal stem cell 
viability. Equine Vet J. 2017;49(3):352–357. doi: https://doi.org/10.1111/evj.12590  

https://doi.org/10.1186/s12917-016-0692-x
https://doi.org/10.1136/vr.162.7.208
https://doi.org/10.1002/jor.22338
https://doi.org/10.2460/ajvr.75.2.141
https://doi.org/10.1111/evj.12045
https://doi.org/10.1186/s12917-015-0403-z
https://doi.org/10.3415/VCOT-11-01-0001
https://doi.org/10.1016/j.%20vetimm.2009.06.014
https://doi.org/10.1016/j.%20vetimm.2009.06.014
https://doi.org/10.2746/0425164044868422
https://doi.org/10.1111/evj.12590


Ferris DJ, Frisbie DD, Kisiday JD et al. Clinical outcome after intra-articular 
administration of bone marrow derived mesenchymal stem cells in 33 horses with stifle 
injury. Vet Surg. 2014;43(3):255–265. doi: https://doi.org/10.1111/j.1532-
950X.2014.12100.x  

Frisbie DD, Ghivizzani SC, Robbins PD, Evans CH, McIlwraith CW. Treatment of 
experimental equine osteoarthritis by in vivo delivery of the equine interleukin-1 
receptor antagonist gene. Gene Ther. 2002;9(1):12–20. doi: 
https://doi.org/10.1038/sj.gt.3301608  

Frisbie DD, Kawcak CE, Werpy NM, Park RD, McIlwraith CW. Clinical, biochemical, and 
histologic effects of intra-articular administration of autologous conditioned serum in 
horses with experimentally induced osteoarthritis. Am J Vet Res. 2007;68(3):290–296. 
doi: https://doi.org/10.2460/ajvr.68.3.290  

Frisbie DD, Kisiday JD, Kawcak CE, Werpy NM, McIlwraith CW. Evaluation of adipose-
derived stromal vascular fraction or bone marrow-derived mesenchymal stem cells for 
treatment of osteoarthritis. J Orthop Res. 2009;27(12):1675–1680. doi: 
https://doi.org/10.1002/jor.20933  

Frisbie DD, Stewart MC. Cell-based therapies for equine joint disease. Vet Clin North Am 
Equine Pract. 2011;27(2):335–349. doi: https://doi.org/10.1016/j.cveq.2011.06.005  

Garvican ER, Cree S, Bull L, Smith RKW, Dudhia J. Viability of equine mesenchymal stem 
cells during transport and implantation. Stem Cell Res Ther. 2014a;5(4):1. doi: 
https://doi.org/10.1186/scrt483  

Garvican ER, Dudhia J, Alves AL, Clements LE, Plessis FD, Smith RKW. Mesenchymal 
stem cells modulate release of matrix proteins from tendon surfaces in vitro: a potential 
beneficial therapeutic effect. Regen Med. 2014b;9(3):295–308. doi: 
https://doi.org/10.2217/rme.14.7  

Garvican ER, Salavati M, Smith RKW, Dudhia J. Exposure of a tendon extracellular matrix 
to synovial fluid triggers endogenous and engrafted cell death: A mechanism for failed 
healing of intrathecal tendon injuries. Connect Tissue Res. 2017;58(5):438-446. doi: 
https://doi.org/10.1080/03008207.2016.1245726  

Geburek F, Lietzau M, Beineke A, Rohn K, Stadler PM. Effect of a single injection of 
autologous conditioned serum (ACS) on tendon healing in equine naturally occurring 
tendinopathies. Stem Cell Res Ther. 2015;6(1):126. doi: 
https://doi.org/10.1186/s13287-015-0115-0  

Godwin EE, Young NJ, Dudhia J, Beamish IC, Smith RKW. Implantation of bone marrow-
derived mesenchymal stem cells demonstrates improved outcome in horses with 
overstrain injury of the superficial digital flexor tendon. Equine Vet J. 2012;44(1):25–32. 
doi: https://doi.org/10.1111/j.2042-3306.2011.00363.x    

Guest DJ, Smith MRW, Allen WR. Equine embryonic stem-like cells and mesenchymal 
stromal cells have different survival rates and migration patterns following their 
injection into damaged superficial digital flexor tendon. Equine Vet J. 2010;42(7):636–
642. doi: https://doi.org/10.1111/j.2042-3306.2010.00112.x  

Hessel LN, Bosch G, van Weeren PR, Ionita JC. Equine autologous platelet concentrates: 
A comparative study between different available systems. Equine Vet J. 
2015;47(3):319–325. doi: https://doi.org/10.1111/evj.12288   

https://doi.org/10.1111/j.1532-950X.2014.12100.x
https://doi.org/10.1111/j.1532-950X.2014.12100.x
https://doi.org/10.1038/sj.gt.3301608
https://doi.org/10.2460/ajvr.68.3.290
https://doi.org/10.1002/jor.20933
https://doi.org/10.1016/j.cveq.2011.06.005
https://doi.org/10.1186/scrt483
https://doi.org/10.2217/rme.14.7
https://doi.org/10.1080/03008207.2016.1245726
https://doi.org/10.1186/s13287-015-0115-0
https://doi.org/10.1111/j.2042-3306.2011.00363.x
https://doi.org/10.1111/j.2042-3306.2010.00112.x
https://doi.org/10.1111/evj.12288


Keene DJ, Alsousou J, Harrison P et al..; PATH-2 trial group. Platelet rich plasma injection 
for acute Achilles tendon rupture: PATH-2 randomised, placebo controlled, superiority 
trial. BMJ. 2019;367:l6132. doi: https://doi.org/10.1136/bmj.l6132  

Khan MR, Dudhia J, David FH et al. Bone marrow mesenchymal stem cells do not 
enhance intra-synovial tendon healing despite engraftment and homing to niches within 
the synovium. Stem Cell Res Ther. 2018;9(1):169. doi: 
https://doi.org/10.1186/s13287-018-0900-7  

Khan MR, Smith RK, David F et al.. Evaluation of the effects of synovial multipotent cells 
on deep digital flexor tendon repair in a large animal model of intra-synovial 
tendinopathy. J Orthop Res. 2020;38(1):128-138. doi: 
https://doi.org/10.1002/jor.24423  

Meijer H, Reinecke J, Becker C, Tholen G, Wehling P. The production of anti-
inflammatory cytokines in whole blood by physico-chemical induction. Inflamm Res. 
2003;52(10):404–407. doi: https://doi.org/10.1007/s00011-003-1197-1  

Mirza MH, Bommala P, Richbourg HA, Rademacher N, Kearney MT, Lopez MJ. Gait 
changes vary among horses with naturally occurring osteoarthritis following intra-
articular administration of autologous platelet-rich plasma. Front Vet Sci. 2016;3:29. 
doi: https://doi.org/10.3389/fvets.2016.00029  

Murphy JM, Fink DJ, Hunziker EB, Barry FP. Stem cell therapy in a caprine model of 
osteoarthritis. Arthritis Rheum. 2003;48(12):3464–3474. doi: 
https://doi.org/10.1002/art.11365   

O'Meara B, Bladon B, Parkin TDH, Fraser B, Lischer CJ. An investigation of the 
relationship between race performance and superficial digital flexor tendonitis in the 
Thoroughbred racehorse. Equine Vet J. 2010;42(4):322–326. doi: 
https://doi.org/10.1111/j.2042-3306.2009.00021.x  

Paebst F, Piehler D, Brehm W et al. Comparative immunophenotyping of equine 
multipotent mesenchymal stromal cells: an approach toward a standardized definition. 
Cytometry A. 2014;85(8):678–687. doi: https://doi.org/10.1002/cyto.a.22491  

Parker RA, Clegg PD, Taylor SE. The in vitro effects of antibiotics on cell viability and 
gene expression of equine bone marrow-derived mesenchymal stromal cells. Equine Vet 
J. 2012;44(3):355–360. doi: https://doi.org/10.1111/j.2042-3306.2011.00437.x  

Ranera B, Lyahyai J, Romero A et al.. Immunophenotype and gene expression profiles of 
cell surface markers of mesenchymal stem cells derived from equine bone marrow and 
adipose tissue. Vet Immunol Immunopathol. 2011;144(1-2):147–154. doi: 
https://doi.org/10.1016/j.vetimm.2011.06.033   

Schnabel LV, Mohammed HO, Miller BJ, et al.. Platelet rich plasma (PRP) enhances 
anabolic gene expression patterns in flexor digitorum superficialis tendons. J Orthop 
Res. 2007;25(2):230–240. doi: https://doi.org/10.1002/jor.20278  

Schnabel LV, Mohammed HO, Jacobson MS, Fortier LA. Effects of platelet rich plasma 
and acellular bone marrow on gene expression patterns and DNA content of equine 
suspensory ligament explant cultures. Equine Vet J. 2008;40(3):260–265. doi: 
https://doi.org/10.2746/042516408X278030  

Schnabel LV, Pezzanite LM, Antczak DF, Felippe MJ, Fortier LA. Equine bone marrow-
derived mesenchymal stromal cells are heterogeneous in MHC class II expression and 

https://doi.org/10.1136/bmj.l6132
https://doi.org/10.1186/s13287-018-0900-7
https://doi.org/10.1002/jor.24423
https://doi.org/10.1007/s00011-003-1197-1
https://doi.org/10.3389/fvets.2016.00029
https://doi.org/10.1002/art.11365
https://doi.org/10.1111/j.2042-3306.2009.00021.x
https://doi.org/10.1002/cyto.a.22491
https://doi.org/10.1111/j.2042-3306.2011.00437.x
https://doi.org/10.1016/j.vetimm.2011.06.033
https://doi.org/10.1002/jor.20278
https://doi.org/10.2746/042516408X278030


capable of inciting an immune response in vitro. Stem Cell Res Ther. 2014;5(1):13. doi: 
https://doi.org/10.1186/scrt402  

Smit Y, Marais HJ, Thompson PN, Mahne AT, Goddard A. Clinical findings, synovial fluid 
cytology and growth factor concentrations after intra-articular use of a platelet-rich 
product in horses with osteoarthritis. J S Afr Vet Assoc. 2019;90(0):e1–e9. doi: 
https://doi.org/10.4102/jsava.v90i0.1721  

Smith RKW, McIlwraith CW. Consensus on equine tendon disease: building on the 2007 
Havemeyer symposium. Equine Vet J. 2012 Jan;44(1):2–6. doi: 
https://doi.org/10.1111/j.2042-3306.2011.00497.x   

Smith RKW, Korda M, Blunn GW, Goodship AE. Isolation and implantation of autologous 
equine mesenchymal stem cells from bone marrow into the superficial digital flexor 
tendon as a potential novel treatment. Equine Vet J. 2003;35(1):99–102. doi: 
https://doi.org/10.2746/042516403775467388   

Smith JJ, Ross MW, Smith RK. Anabolic effects of acellular bone marrow, platelet rich 
plasma, and serum on equine suspensory ligament fibroblasts in vitro. Vet Comp Orthop 
Traumatol. 2006;19(01):43–47. doi: https://doi.org/10.1055/s-0038-1632972  

Smith RKW, Werling NJ, Dakin SG, Alam R, Goodship AE, Dudhia J. Beneficial effects of 
autologous bone marrow-derived mesenchymal stem cells in naturally occurring 
tendinopathy. PLoS One. 2013;8(9):e75697. doi: 
https://doi.org/10.1371/journal.pone.0075697  

Waselau M, Sutter WW, Genovese RL, Bertone AL. Intralesional injection of platelet-rich 
plasma followed by controlled exercise for treatment of midbody suspensory ligament 
desmitis in Standardbred racehorses. J Am Vet Med Assoc. 2008;232(10):1515–1520. 
doi: https://doi.org/10.2460/javma.232.10.1515  

 

https://doi.org/10.1186/scrt402
https://doi.org/10.4102/jsava.v90i0.1721
https://doi.org/10.1111/j.2042-3306.2011.00497.x
https://doi.org/10.2746/042516403775467388
https://doi.org/10.1055/s-0038-1632972
https://doi.org/10.1371/journal.pone.0075697
https://doi.org/10.2460/javma.232.10.1515

