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Key Points: 

- Regenerative medicine is a fast-growing area in veterinary medicine, which has great 
potential but much more research is needed to select optimal treatments and assess 
outcomes. 

- Not all products are equal and it is not clear their exact mechanism of action. 
 

In the last several years, the field of equine orthopedics has been revolutionized by 
unprecedented advances. From the refinement and introduction of diagnostic imaging such as 
digital radiology and magnetic resonance to the development of new therapeutic alternatives. In 
particular the advancements in the field of orthobiologics and tissue regeneration have opened a 
new opportunity to the treatment of problems that in the past where considered career ending. 
However, as fast as the industry wants to run (no pun intended), it remains largely unregulated 
and the research is still in the very early stages. Many already applied therapies remain largely 
unproven at this point in time. The following is a summary with “take-home” messages and ideas 
that will help you to understand better the new treatment modalities available to horses.  
 
What are “Orthobiologics”? 

Orthobiologics is a term used to define those substances that help bone and soft tissues to 
heal. It would be premature to talk about in-vivo tissue regeneration to any kind of clinical 
application, as we have not yet reached such point. So while orthobiologics are an exciting group 
of products, it remains to be seen if they can deliver the high-expected promises such as the in-
vivo development of brand new cartilage or brand new tendons.  
 
It is important to understand three different concepts: 

1. Healing: the natural process by which the body repairs itself. 
2. Repair: To restore to sound condition after damage or injury. 
3. Regenerate: To replace (a lost or damaged organ or part) by formation of new identical 

tissue. 
 
Often times these are used interchangeably, and marketing strategies commonly use these 

terms as synonyms, which to a degree are not. In order to avoid confusion one must understand 
that only regeneration of a tissue restores the tissue to its original. Repair leading to scar tissue, 
particularly in tendon and cartilage, while providing structural support is often of inferior quality 
leading to inferior tissue performance which is many times responsible for re-injury.  

To obtain optimal tissue function, tissue regeneration is needed. We must remember that 
although the body has a natural tendency to repair itself, this repair mechanism often provides 
tissue of inferior quality. The matrix (the bulk of a tissue) in connective tissue is mostly 
composed of collagen. There are many different types of collagen in the body. Primarily collagen 
type I is abundant in bone and tendons and collagen type II is abundant in cartilage. The 
challenge remains for the “newly” formed repair tissue to contain the appropriate amount, 
proportions, structure and type of collagen, which is largely responsible for the adequate 
biomechanical properties to each particular tissue.  

A tissue needs three components to repair and/or regenerate: 
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- A scaffold which provides a matrix over which the cells can grow  
- Growth factors, which provides the appropriate stimulus for cells to grow 
- Cells which are able to produce adequate tissue matrix 

 
Scaffold Products 
A-cell: This is a product, which is obtained from UBM (urinary bladder mucosa) of pigs (pathogen-
free). It is purchased on a lyophilized powder format ready to be reconstituted adding saline. The 
reconstituted product is injected at several spots intralesionally (for tendons and ligaments) during an 
ultrasound-guided procedure. Upon injection it produces a local inflammatory-like response when 
injected into injured tissue, as evidenced by localized heat, pain and swelling. This is why it is 
advised to pre-treat the horse with a dose of an anti-inflammatory and continue it for 5 days. As a 
technical note, it is important to scrub and surgically prep the area using sterile saline as the final 
rinsing agent, rather than alcohol.  

A-Cell is used as a scaffold for tissue re-building, primarily tendons and ligaments, and it has 
been shown to have a marked angiogenic response developing in the first 5-7 days post treatment. It 
also favors the recruitment of bone marrow-derived cells into the treated tissue.  As time passes, and 
tissue heals, implanted product is no longer evident histologically and scarring is not present, only 
normal tissue of the type that was injured.  

In some studies, tendons and ligaments injected with UBM developed profound fiber 
pattern response by 60 days post injection. Ultrasonographic appearance of these fibers appeared 
very similar to normal tissue. Clinical response and soundness would indicate that affected horses 
are able to return to moderate activity at an earlier time than with other therapies. Results from a 
retrospective study were found as follows: of 77 proximal/body suspensory ligament lesions, 65 
were sound and in work and 12 were still convalescing or lame (84.4% recovery) at the time of 
evaluation; of 15 suspensory branch lesions, 13 were sound and in work and 2 were convalescing 
or lame (86.7%); of 14 superficial digital flexor tendon lesions, 13 were sound and in work and 
one was convalescing (92.9%); the one gastrconemius tendon had returned to soundness. A total 
of 92 of 107 cases or 85.9% of cases that were 12 months or greater post-treatment were sound 
and in work. 
 
Growth Factor Products 

PRP – Platelet Rich Plasma: PRP therapy offers a promising solution to accelerate 
healing of tendon injuries and osteoarthritis (i.e. cartilage degeneration) naturally. PRP is an 
emerging treatment and are not stem cells. 

Blood is made mostly of RBC (Red Blood Cells), WBC (White Blood Cells), Plasma, and 
Platelets. Platelets were initially known to be responsible for blood clotting. In the last 20 years 
we have learned that when activated in the body, platelets release healing proteins called growth 
factors. There are many growth factors with varying responsibilities, however cumulatively they 
accelerate tissue and wound healing. Therefore after increasing the baseline concentration of 
these platelets, we are able to deliver a powerful cocktail of growth factors that can dramatically 
enhance tissue recovery. 

While there are many commercial PRP systems and all are widely used, only a handful 
have been validated in peer-reviewed reports using both in vitro and in vivo techniques, 
including: the Sequire/Genesis system, the GPS III, the SmartPReP system and a manual blood-
tube method. These products however have differences in the final product in terms of contents 
and growth factor concentration, platelet collection efficiency and repeatability, sterility, 
leukocyte count and platelet activation.  
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The significance of absolute platelet concentration to healing is uncertain and it could be 

inadequate to apply the requirements of tendon to cartilage to ligaments. Overall higher platelet 
counts result in higher growth factor concentrations but too high concentrations may result in 
negative effects. The “optimal” dose of PRP for each tissue is unknown. In addition to growth 
factor concentration, the clinician must consider other factors when choosing a PRP product such 
as presence of WBC as this may lead to a significant post-treatment inflammation and reduce the 
positive effects of the administered product. Mechanized processes have been shown to be far 
superior to manual processes in terms of consistency and reliability, platelet activation and lack of 
contamination of the final product. Results using PRP from different systems with different 
platelet counts have been published reporting healing, increase in collagen, cellularity, tensile 
strength and neovascularisation in vivo and increase in gene expression and repair in suspensory 
ligament and tendon explant models. From these results it is evident that the concentration of 
PRP produced by the above systems is adequate to elicit a measurable response. The ideal 
preparation method should have a high collection efficiency and degree of repeatability.  

PRP can be injected into tendon or ligament lesions, during fracture repair to enhance 
healing and also during arthroscopic surgery for bone cysts or into joints for the treatment of 
osteoarthritis. This modality usually requires a short visit to a facility and could be completed 
within 1 hour, except for bone cysts. Therefore the use of PRP has not only the advantage of 
being an autologous (from the horse itself) but also has the convenience of being done as a single 
visit outpatient procedure (re-injection is not required) and does not require general anesthesia 
(except for use during arthroscopic surgery). The optimal timing of PRP use is within 10 days 
post-injury. Pre-treating all horses with a dose of phenylbutazone which is followed for 3 days 
post-injection seems to minimize any potential inflammatory reactions that the injection may 
produce. In addition horses are recommended to have cryotherapy (Gameready ©, iceboots) of 
the injected region for at least 2 weeks post-injection as part of the rehabilitation treatment for the 
injury, but especially for 72 hrs following PRP injection. 
 
 Bone marrow aspirates: Bone marrow aspirates (without concentrating) were the first 
products used initially to treat tendon and ligament lesions. The main advantages were that it was 
a fast procedure as it could be completed in one visit and usually inexpensive. However, the main 
problems were, and still are that the density of stem-like cells in the aspirate is very low and 
unable to stimulate healing and also that the presence of bone elements in the aspirate which 
could develop into unwanted bone when injected into tendon or ligament lesions. These have 
made this option almost obsolete to most orthopedic surgeons and practitioners. Although much 
cheaper than other alternatives, this modality is not very popular currently as there are other more 
effective ways to obtain a denser population of stem cells and without bony elements which 
could impair or deteriorate soft tissue healing. 
 
 BMAC – Bone Marrow Autologous Concentrate: To bypass the limitations of a bone 
marrow aspirate a product named BMAC was introduced in the market by HarvestTech 
(www.harvesttech.com). This product provides a stall-side tool to treat horses with a product with 
higher density of stem cells and growth factors. This higher density is critical to stimulate 
healing. There are no studies comparing BMAC to stem cells but preliminary work is 
encouraging. BMAC is not only simpler to obtain than stem cells but is also faster and cheaper. 
BMAC is obtained by using a kit marketed by HarvestTech which requires a special centrifuge 
(same as used for PRP by the same company). Briefly, bone marrow is collected as described 
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below and the aspirate is incorporated into the BMAC kit and centrifuged for a period of time 
prior to extraction of the concentrate and subsequent injection. 
 
Cell Products 

Stem-cells: A stem cell has the capability to differentiate into an original tissue cell 
depending on its surrounding environment, therefore providing a cellular component able to 
regenerate the tissue matrix in which is placed.  Depending of the origin of such cell, its ability 
and potential to differentiate varies. While some cells are capable of forming an entire organism 
(Totipotential) others are only capable of forming tissues of a selected group or lineage 
(Multipotential), usually adult-derived, or of any (Pluripotential) germ layer (Ectoderm, 
endoderm, mesoderm), usually embryonic-derived. It is considered that the closer to the initial 
embryonic stages that a cell is obtained, the more capabilities it has to differentiate into any of the 
germ layers and therefore any tissue (i.e. nervous, connective, etc). Stem cells also have the 
capability of being immunomodulators and it is thought that perhaps this function is more 
important to tissue healing than their ability to differentiate.  

In the 90’s a California company (VetStem) introduced in the market the first product 
claiming to provide stem cell regenerative therapy. Since then, many other products and 
laboratories provide this service, not only commercially at large scale but also institutionally for 
in-house and local consumption at different University Hospitals. While there appears to be an 
interest in the development of embryonic stem cells, which would allow for a counter-top product 
to be stored and ready to use, the use of an autologous product, obtained from the horse’s itself, 
rather than another horse (embryonic) is currently favored. 

Mesenchymal (adult) stem cells (MSCs) have the potential to transform the treatment of 
equine orthopedic disease because of their simplicity of collection, almost endless supply, 
autologous nature and their ability to self-renew and differentiate into various tissue types under 
specific conditions. For tissues with very low cell-density such as cartilage and tendon, this 
represents the possibility to enhance its repair, not only from a qualitative viewpoint but also 
quantitatively leading to a shorter healing time. This also means that tissues such as tendon and 
cartilage, two of the most commonly damaged tissues in equine athletes, could potentially be 
regenerated, although we are not there yet. The demand for commercial preparations often 
outpaces research output, and this demand usually drives the industry, rather than the (more 
desirable) other way around. It is important to understand that the term “stem-cells” is all 
encompassing for many different products and the veterinarian should consider what procedure is 
being used.  In fact, many believe that the use of the term “stem-cell” is still inadequate as we 
still do not have the appropriate cell markers to identify these cells as “stem”. Therefore the use 
of “stem-like” or “stromal fraction” is used more appropriately to define these products. 
Currently, while there are many avenues to obtain stem-like cells, the three main avenues to 
obtain MSC are: direct bone marrow (concentrated), fat-derived cells and bone marrow derived 
cells. 
 
 Fat-derived MSC (quick-turn around): This procedure was very popular a few years ago, 
due to the simplicity of the collection process and turn around time (usually 48 hours). The main 
problem with this technology is again the low density of stem-like cells and the lack of evidence 
regarding the fat-derived cells’ ability obtained this way to differentiate into the desired tissues. 
 
 Fat-derived MSC (grown and expanded under laboratory conditions): In order to increase 
the concentration of stem-like cells derived from fat, the procedure now includes the isolation and 
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expansion (replication) of cells under laboratory conditions, so the clinician can obtain an 
appropriate amount to treat a lesion. 
 
 Current recommendation is to use an approximate dose of 1 x 106 cells as this is an 
extrapolation from laboratory conditions to obtain optimal quality product, although evidence is 
lacking as to what is the optimal dose to be used. 
 The procedure to obtain fat for stem cell extraction is simple and can be completed quickly 
with the horse standing under a light sedation. Most companies provide the kit in which the 
sample needs to be transported. Briefly the horse is sedated and placed in stocks. An area 
approximately 3 x3 in is clipped and aseptically prepared in the horse’s rump where fat is 
abundant over the muscle. The area is infiltrated with local anesthetic but not placing it directly 
where the sample will be acquired. Usually an inverted “L” pattern can be used to block the area. 
An incision is made through the skin and a generous amount of fat (2-4 g) is dissected from the 
subcutaneous tissue. The skin is closed with interrupted sutures. The sample is handled 
aseptically through the process and deposited in the designated container, which is placed in an 
isothermal box. Overnight courier of your choice is selected. Typically the cells are returned in 
48 hrs (if only isolation is required) or in 10-14 days if the cells are expanded and grown in the 
laboratory to an approximate amount of 1 x 106 cells. The author uses this dose, which is an 
extrapolation from laboratory conditions to obtain optimal quality product, although evidence is 
lacking as to what is the optimal dose to be used. 
 
 Bone-marrow derived MSC: Today, this is the most optimal and widely accepted modality 
for use in horses. It requires collecting bone marrow from the horse’s sternum during a first visit 
and processing this sample to isolate the stem cells and expand and replicate them under 
laboratory conditions so a consistently high dose of stem cells can be injected into the lesion 
during a second visit. This process usually takes 10-14 days and requires coordination between 
the performing hospital and the laboratory. The bone-marrow derived cells also have the ability 
to differentiate into the desired tissue and constitute the optimal approach to stem cell treatment 
today. Their main disadvantage is its relatively elevated cost. In our hospital the cells are received 
from the laboratory re-suspended into a ‘soup’ of growth factors, which is injected into the lesion 
along with the stem cells.  
 Two main sites of bone marrow collection are the sternum and the iliac crest. Currently 
there are no differences in the quality of the product obtained from each site. The procedure to 
collect bone marrow from the sternum is also simple but slightly more involved than fat- 
collection.  
 Briefly the horse is well sedated and placed in stocks. A liberal area of skin covering the 
sternum region is clipped at elbow level in the midline. The area is ultrasounded, using a linear 
7.5 MHz probe in longitudinal orientation, and two sternebrae are identified (seen as a straight 
hyperechoic line) avoiding the intersternebral space (seen as an inverted triangle in the ultrasound 
image between two sternebrae), marking the spot adjacently with white tape. The areas are 
infiltrated with 2-3 cc of bupivacaine prior to aseptic preparation. There is no need to block the 
actual bone. The entire procedure must be performed aseptically. A #15 blade is used to make a 
stab incision over the prepared skin. A Jamshidi bone marrow biopsy trochar/sleeve unit (11-13 
Ga) is inserted in the midline and advanced forcefully about 1.5 in (for a regular 1000 lbs horse) 
into the marrow cavity of the sternebrae. Using a 20 cc syringe, which has been previously coated 
with heparin (0.5 cc of 10,000 units/ml heparin product), 20 ml of bone marrow is aspirated. The 
procedure is repeated in a second sternebrae. Usually 40 cc of bone marrow is all is required as is 
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deposited in clear (red top) tubes. Following this, the tubes are gently rocked back and forth to 
ensure adequate mixing of the collected marrow. Some labs may require additional 20 cc 
collected without heparin but placed on blue-top tubes. The samples are placed in an isothermal 
box and sent to the laboratory of your choice via overnight courier or faster. No additional care is 
needed for the horse or for the incisions, which usually heal uneventfully without need to suture 
them. 
 Ideally stem cells should be injected into the injured tissues once the acute inflammatory 
phase is over, usually 2-4 weeks after injury, although they can be injected later on. Stem cell 
therapy is not considered an emergency procedure and therefore the veterinarian has time to wait 
for the sampling, processing and re-injection of the cells. Stem cell treatment has improved 
significantly our ability to deal with tendon and ligament lesions successfully although we are 
still unable to shorten the rehabilitation period significantly. 
 
 Embryonic Stem Cells: This modality allows a ready-to-use product as it would be 
obtained from embryos, taking advantage of the low immune reactivity exhibited by these cells. 
Also they have other advantages such as: 
1. Flexible: Have the potential to make any cell type. 
2. Immortal: One embryonic stem cell line can potentially provide an endless supply of cells 
with defined characteristics. 
3. Availability: Unlimited production of embryos through somatic cell nuclear transfer process. 
 
 Previous preliminary studies have shown that equine embryonic stem-like cells (ESC) and 
mesenchymal stem cells (MSC) have different survival rates and migration patterns following 
their injection into damaged superficial digital flexor tendon. In comparison ESCs survived in 
greater numbers than MSCs in the damaged tendon and did not induce an immune response, or 
form tumours at the injection sites in the 90 day time period studied. ESCs also demonstrated an 
ability to migrate to other areas of damage within the same tendon, whereas MSCs did not. 
ESCs can be used allogeneically (from a different horse), therefore providing a possible 'off the 
shelf' source of cells for therapeutic use which overcomes the practical limitations of autologous 
MSCs. Furthermore, MSCs and ESCs have different survival rates and migration patterns in the 
damaged tendon, suggesting that they may produce different functional effects. This may have 
clinical relevance to treating tendon injuries in the horse. 
 
Others 
 IRAP or ACP (Autologous Concentrated Plasma): IRAP (Interleukin-1 Receptor 
Antagonist Protein) is an anti-inflammatory protein that counteracts the destructive effects of 
inflammatory proteins such as Interleukin-1 (IL-1) within the inflamed joint or tissue. Levels of 
IRAP and other anti-inflammatory proteins in the blood can be increased and produced for joint 
injection by incubating a 50ml sample of blood from a horse for 24 hours in a special syringe.  
The syringe contains a substance to enhance production of anti-inflammatory proteins including 
IRAP.  The syringe must be incubated overnight at 37°C. After 24 hours, the syringe is 
centrifuged, and the serum collected.  The amount of serum collected from each 50ml syringe of 
blood is usually between 20-25ml.  This yields 4-6 doses of IRAP, but the number of doses 
available for use from each collection is dependent on the specific joint.   
 Once the serum has been harvested, it is filtered and then frozen in single dose aliquots 
(small doses). Indications for use of IRAP/Orthokine in the joint include horses with a well-
defined synovitis/capsulitis, particularly those horses that do not respond well to conventional 
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anti-inflammatory joint medication and horses that have had arthroscopic surgery and have been 
found to have focal cartilage diseases. IRAP is NOT recommended for use in tendon sheaths or 
bursae, in joints where there are bone fragments, fractures, meniscal or ligamentous injury unless 
it has been successfully treated arthroscopically, in bone cysts, or in horses with advanced 
osteoarthritis due to its low success rate.   
 In general 2-3 treatments of the joint are performed, at 8-14 day intervals.  The volume 
injected at each treatment is 1-8ml, depending on the joint.  First injection after surgery may be 
given at 7 days.  After injection, we routinely bandage the joint if possible for 2 days, and the 
horse should be kept on 3 days of strict stall rest, followed by 10 days of hand-walking (30-45 
minutes).  Once the course of injections and the final hand-walking period is completed, horses 
should receive one week of ridden walk exercise, followed by one week of ridden walk and trot, 
before returning gradually to regular training programs. The instructions above may vary, 
depending on the primary joint disease. 
 On a last note, the right treatment for a horse can only be selected after an appropriate and 
correct diagnosis has been reached, and this cannot be overstated. 
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