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ABSTRACT 

EVALUATION OF REPEATED INTRALESIONAL INJECTION OF ALLOGENEIC 

UMBILICAL EQUINE CORD BLOOD MESENCHYMAL STROMAL CELLS FOR 

TREATMENT OF EQUINE SUPERFICIAL DIGITAL FLEXOR TENDONITIS 

 

Alejandro Merchán Muñoz      Advisor: 

University of Guelph, 2023      Dr. Judith Koenig 

         Dr. Nathalie Côté 

          

 This thesis is a continuation of the investigations of cryopreserved allogeneic equine 

umbilical cord blood (CB) derived mesenchymal stromal cells (MSC) by its use in the 

treatment of superficial digital flexor tendon (SDFT) injuries in horses. In the course of time, 

the thesis concludes evaluating the efficacy and safety of repeated intralesional injection of 

CB-MSC in SDFT lesions in client-owned horses and its comparison to the control group 

receiving platelet rich plasma (PRP). 

We confirmed the safety of the CB-MSC with the results of the flow cytometry for lymphocytes 

CD4+ and CD8+ on the blood samples taken at 0, 24, 72 and 168 hours post-injection. There 

was no clinical systemic immune reaction to repeated CB-MSC treatment and  there were no 

paraclinical significant changes as measured by the expression of lymphocytes CD4+ and 

CD8+ between groups, treatments, and injections times. 

 We identified that the intralesional treatment of CB-MSC induced an inflammatory 

reaction at the injection site that resolved within 24 to 72 hours. Along with the inflammatory 

response, the patients displayed an expansion of the needle tract that was noticeable throughout 

the length of the study. In all horses, we used a 20-gauge needle to inject. Possibly, the horses 

had a mild reaction to the commercial cryomedium.  



 

 

 Ultrasonographic evaluations revealed that circumferences of the lesion region 

decreased faster in the CB-MSC group compared to the PRP group. 

Four out of five horses in the CB-MSC group returned to racing as defined by one or more 

starts and one out of three patients in the PRP group returned to race training. 

Based on our results, the repeated intralesional treatment with allogeneic equine CB-MSC is 

safe, despite the inflammation and needle tract observed. We believe that an alternative 

delivery method of allogeneic equine CB-MSC that avoids the risk of needle-tracts is desirable. 

For that reason, we proposed the continuation of the current thesis with a clinical prospective 

study to investigate the use of repeated intra-arterial injections of allogeneic equine CB MSC 

for SDFT lesions, and to evaluate its utility.
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CHAPTER I:  Literature Review 

Currently, repair of injured tendons remains a major clinical challenge and an important 

area of research. Despite decades of general investigation of the tendon unit and the equine 

superficial digital flexor tendon, remarkably little is known about how best to heal this tendon. 

Even though tendons seem macroscopicly simplistic, they are complex structures for which 

there is no treatment modalities that restore normal tissue composition after an injury.  

Two central questions are how we can detect subclinical changes before a clinical 

tendonitis and how we can improve healing. Tendons are connective tissue structures that are 

defined based on their anatomical position connecting muscle to bone. Beyond these basic 

features, tendons from different locations within the body show remarkable variation in terms 

of their morphological, molecular, and mechanical properties which relates to their specialized 

function. An appreciation of these differences is necessary to understand all aspects of tendon 

biology in health and disease. 1 

 

1.1. – Superficial digital flexor tendon in the horse 

1.1.1. – Definitions 

1.1.1.1. – The importance of the anatomy, morphology and structure of the SDFT 

The tendon unit is a unique multicomposite structure with a complexity that is still not 

completely understood. Different classifications have been dedicated to describing the tendon 

unit regarding its shape, anatomic location, and connective tissue counterparts. The SDFT has 

been shown to be composed mainly of water, 65 to 70% of its weight, collagen, 30% of its wet 

weight and non-collagenous glycoproteins, 5% of wet weight. The collagens and proteoglycans 

account for 70% to 80% of the dry weight, including small leucine-rich proteoglycans (SLRPs) 

(Figure 1.1).2–4 Collagen is an important structural protein embedded in a proteoglycan-water 
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gel. Williams et al. 1980 reported a higher content of type I collagen than type II collagen in 

normal digital flexor tendons of horses. 5 Type II collagen is the predominant collagen type in 

enthesis insertions and those regions of direction changes over bony prominences. These areas 

of insertion mimic the fibrocartilage nature of the matrix that is basically created to withstand 

compression and tension forces. The other types of collagens, type III, IV and V, are present 

in the basement membrane and endotenon.6–9  

 

Figure 1.1: The normal tendon structure from Spaas et al. 2012. Tendons are composed of 

collagen type I fibrils within a matrix of proteoglycans, glycoproteins and water. Tenocytes are 

organized in parallel rows in alignment with collagen fibres. 

 

The collagen molecules hierarchical arrangement was well described by Kastelic et al. 

197810 into microfibrils, subfibrils, and fibrils, which are grouped into fascicles separated by 

the more loosely organized endotendon (Figure 1.2). The waveform or crimp within the 
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fascicles is one of the characteristics that can be appreciated on the tendon surface. The crimp 

pattern has a very important function on the elasticity of the tendon on the early loading 

process, as it is responsible for 2 to 3% of the strain.4,10 Wilmink et al. 1992 documented in the 

mid-metacarpal region of the SDFT of young individuals a crimp angle of 19-20º and a length 

of 17-19µm that decrease with age to 12-17º and 11-15µm, respectively (Figure 1.3). As a 

result, there is going to be an increment in tendon stiffness associated with the loss of crimp 

angle and length.11  

 

Figure 1.2: Schematic representation of the collagen arrangement in superficial digital flexor 

tendon from Dowling et al. 2000 and adapted from Kastelic et al. 1978. 
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Figure 1.3: Definition of crip angle and length. From Functional significance of the 

morphology and micromechanics of collagen fibres in relation to partial rupture of the 

superficial digital flexor tendon in racehorses. From Wilmink et al. 1992. 

The main composition of the non-collagenous substance is tenocytes and glycoproteins. 

There are three different cells within the fascicle of the equine tendon, types I, II and III, 

depending on the morphology of the nuclei, and their distribution will change with age.6,12 

Type II and III cells will have a higher metabolic activity because their nuclei are larger and 

contain nucleoli.  

The cartilage oligomeric matrix protein (COMP) is an important extracellular matrix 

(ECM) glycoprotein. Initially, it was isolated and characterized from cartilage followed by its 

expression in other tissue such as fibroblast, tendons, ligaments, synovium, vascular smooth 

cells, myofibroblast, breast cancer cells, cardiomyocytes and activated platelets. The COMP 

forms part of a pentameric subgroup of the thrombospondin gene family, which is a family of 

secreted matricellular proteins with diverse functions.13 Different studies on the equine tendon 

have shown that COMP has a very important function in the mechanical integrity of the tendon. 

This glycoprotein is more abundant in the weight bearing tendon compared to unloaded ones, 

which enhances the mechanical strength of the extracellular matrix tissue (ECM).14 Mechanical 

loading increases its expression during growth, and the COMP levels decrease with age and 

overuse, leading to tendonitis. The factor that induces COMP to increase the mechanical 

strength occurs through its association with small collagen fibrils at the gap region of the 

fibril.13,15 

 

1.1.1.2. – Large spectrum of mechanical properties of the SDFT  

The mechanical properties of the superficial digital flexor tendon can be described in a 

sigmoidal strain-stress curve, where the force is placed on the Y axis and the strain on the X 
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axis (Figure 1.4 and 1.5). In this strain-stress curve, the first part is named the toe region, and 

it corresponds to the lax phase when the crimp disappears. This curve is followed by a linear 

phase that corresponds to the progressive stretching of the straightened collagen fibres until 

extreme forces are reached. From this moment, failure will occur if progressive tension 

continues. Stephens et al. 1989 reported that the strains of the SDFT at the gallop can range 

from 11 to 16%. If we compared them with the strains obtained in vitro during rupture, ranging 

between 12 to 21%,16 we can see that the SDFT is functioning above its physiologic capacity 

and therefore has a low safety margin. 

 

Figure 1. 4: Stress-strain curve for the superficial digital flexor tendon from Goodship et al. 

1994. 1 = toe region; 2 = linear deformation; 3 = yield; 4 = rupture. 
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Figure 1. 5: The physiological stress-strain curve of a tendon. This curve shows the relationship 

between stress (force per area) and strain (de- formation due to stress) of the tendon. The star 

represents the moment when tendon rupture occurs from Spaas et al. 2012. 

1.1.1.3. The path of tendon maturation 

 Patterson-Kane et. Al 1997 showed that the SDFT in the horse can reach its full 

development at 2 years of age. This age corresponds to a completely established collagen fibril 

diameter, mature collagen cross-links and crimp morphology.17,18 Over the 1997-1998 period, 

Patterson-Kane et. al also demonstrated the reduction in the average mass diameter of the 

collagen fibrils in the central region of the SDFT compared to the periphery. The central fibrils 

reach the end of the toe region earlier than the fibrils at the periphery, resulting in selective 

loading and therefore an associated failure. This explains the higher incidence of core lesions 

in the SDFT.17–19 At the same time, Smith et al. demonstrated that the changes in the COMP 

are associated with age and exercise. Normally, the COMP will accumulate during 

development associated with loading. Unfortunately, the COMP levels become very low in the 

SDFT area corresponding with the metacarpal region once musculoskeletal development is 

reached. The decreased content of COMP in the central region is incremented with exercise. 

However, we have not established a direct relation between COMP levels in the digital flexor 

tendon of the horse and tendonitis.20 

Injury of tendons observed clinically is preceded by undetectable subclinical changes 

that are age-related and potentiated by exercise.12,20 A key question is how we can detect 

subclinical changes before a clinical tendonitis. The primary cause that triggers the insult is 

still not well understood. There is not a primary cause of the injury, but rather each mechanism 

interacts and summates to cause a tendinopathy. 
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1.1.1.4. – How tendon degeneration occurs? 

Hypoxia, hyperthermia, mechanical microdamage of collagen fibrils as well as 

neurogenic damage have been attributed to tendon matrix degeneration.21 The normal equine 

SDFT blood supply is primarily intratendinous.22 Different authors have described ischemia 

and reperfusion injury, fibroblast anoxia to be part of the mechanisms of injury because of the 

poor blood supply. 6,23–25 Heat would disappear at a lower rate increasing the risk of damage 

of the cells in the tendon matrix are exposed, affecting their activity. The scarce blood supply 

of the tendon can affect the oxygen distribution affecting the cell metabolism as well, especially 

tenocytes because of their oxygen dependent metabolism.24–26 

According to studies performed by Webon et al. 1978 and Birch et al. 1998, disruption 

of the SDFT is mainly characterized by alterations in its matrix composition.1,12 The changes 

observed are an increase of the GAG, type III collagen and cellularity in the central core of the 

tendon along with decreased collagen-linked fluorescence compared to the peripheral region 

of the degenerated tendon and the core of the normal tendon.27 During SDFT degeneration, 

there are changes in gene expression and production of matrix-degrading enzymes. For 

example, the expression and production of collagenase (MMP-1) will increase in damaged 

tendons. In contrary, stromelysin (MMP-3) will be down-regulated.28–31 These and other 

changes observed in the composition of the tendon matrix under degeneration highly suggest 

increments of matrix turnover. These findings point to an improper healing or cellular response, 

which in the end will turn into degradation of the normal tendon matrix.  

 

1.1.1.5. – Steps and consequence of microdamage to collagen fibrils in the tendon 

 Collagen fibrils can be damaged when tendons are exposed to high strains, as in the 

SDFT during high-speed gallops. Lavagnino et al. 2006 described in in vitro experiments how 

loading tendon fascicles at 80% of failure strain induced single fiber damage as well as fibril 
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sliding.32 In that study, Lavagnino showed that MMP-1 gene expression and production 

increased when microdamage occurred. Kastelic et al. 1978 described that because of the 

structure of the tendon, some fibrils could be associated with higher strains and as a result be 

exposed to increased risk of damage. Although the gross mechanical properties of the tendon 

may not be affected by the fibrillar damage, the microdamage may accumulate resulting in a 

clinical lesion. 33 It has been shown that the SDFT has a much-increased cellular population in 

comparison to the CDET. However, the cells of the CDET have increased mRNA expression 

of collagen type I and collagenases. There are higher levels of cross-linked carboxy terminal 

telopeptide of type I collagen, a marker of collagen degradation, which suggests that the rate 

of matrix turnover is higher in the CDET than in the SDFT.1 There are still no good answers 

for the lower tenocyte activity in the SDFT. One possible explanation is that lower tenocyte 

activity protects the SDFT from remodelling since it is a structure that requires high mechanical 

strength to function. When the tendon matrix is remodelled, it becomes weak, especially when 

the collagen molecules are degraded and replaced.34 A second possible explanation is that cell 

activity in the tendon is affected by physiochemical or mechanical environment changes 

associated with exercise.34 

 

1.1.1.6. – Specific physicochemical environment characteristics of the SDFT 

Ker described in 1981 that part of the energy stored in the SDFT is released in the form 

of heat, instead of turning into kinetic energy. This phenomenon leads to an increase in 

temperature at the core of the tendon.35 Wilson and Goodship in 1994 demonstrated, in four 

horses, peak intra-tendinous temperatures in the range of 43-45ºC at a gallop.36 Later on Birch 

et al. 1997 described that tendon fibroblasts cultured from the core of the equine SDFT and 

heated for 10 minutes at 48ºC were able to survive, with a decrease in cell survival of 22±4 %. 

The main conclusions drawn from this study were that temperatures experienced in the central 
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core of the SDFT in vivo are unlikely to result in tendon cell death. However, repeated 

hyperthermic insults may compromise cell metabolism of matrix components, resulting in 

central tendon degeneration (Figure 1.6).25 Burrows et al. 2009 reported that cells could be 

more sensitive to heat in situ where they are able to communicate via their gap junctions.37 

Hyperthermia in the horse tendon induces tendinocytes to synthesize pro-inflammatory 

cytokines, which results in up-regulation of gelatinases.38 In general, because tendon units lack 

good vascularization, heat will diffuse slowly, which will increase the temperature at the 

affected area in the tendon exposing cells for a longer time to high temperatures. This fact will 

be compounded as well with low oxygen levels affecting cell function when tenocytes switch 

to oxidative energy metabolism.24 

 

Figure 1. 6: a) Hysteresis loop during cyclical loading and unloading of tendon. The energy 

lost is represented by the area within the loop. b) Equine tendon fibroblast survival following 
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exposure to hyperthermia (10 min). Different symbols represent fibroblasts grown from 

different horses. From Birch et al. 1997a. 

 

1.1.1.7. – Mechanical environment characteristics of the SDFT 

 The interaction between the extracellular matrix and the cells determines the 

environment in the SDFT unit, which will affect cell activity by alteration of the synthesis and 

degradation of matrix components.21 Screen et al. 2004 described that fibre sliding appears to 

provide the major mechanism enabling tendon fascicle extension when studied in the rat tail 

tendon. This process affects local and cellular strains and, consequently, mechano-transduction 

pathways.39,40 Cells respond to variations in their mechanical environment by changing the 

synthesis and degradation of the matrix components.21 This mechanism was observed first in 

bone cells with the Wolf law; depending on the bone loads, bone deposition or resorption 

occurs. In 1987, Frost described how osteoblasts display a susceptibility for deformation, 

which implies that if there is strain-induced signal above or below a certain level, the cells will 

respond by remodelling the matrix.41 Similarly, Lavagnino and Arnoczky 2005, showed that 

tendon cells exhibit a similar ability to remodel the matrix according to the strain they 

experience.32 Overall, cells are able to detect matrix deformation by mechano-transduction. 

This mechanical response turns into biological action.42  

 Physiological strains result in tendon adaptation, and high strains, up to 80% of failure 

strain, result in damage. The production of specific proteins is altered when tenocytes are 

exposed to high strains. For example, in vitro studies in human tenocytes have shown an 

increased expression of MMP-3 that degrades proteoglycans and interleukin 1-beta (IL1-b) 

when a 3.5% cyclic strain and 1 Hz frequency is applied to tenocytes for 2 hours.43 Similarly, 

cyclic stretching of human tendon cells from 4-12% at a frequency of 0.5 Hz causes an 

increased production of prostaglandin E2,  an inflammatory mediator of tendinopathy.44 
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Archambault et al. 2002 described that the expression of MMP-1 and MMP-3 increases only 

when in the presence of IL1-b in tenocytes loaded with a 5% cyclic strain and frequency of 

0.33 Hz.45 It is important to report that the strains used in those studies may not be as high as 

those endured by equine SDFT at a gallop. However, the consensus with the latest study by 

Screen et al. 2004, indicates that the subjected strains in the SDFT are associated with cell 

damage, degradation enzyme production and release, and matrix break down, which all 

contribute to the clinical signs of a tendinopathy.39 In contrast, it has also been hypothesized 

that under-stimulation of the cells can cause upregulation of enzymes. Lavagnino et al. 2006 

proved that microdamage results in the unloading of the damaged fibrils. These conformational 

changes and destruction of the fibril can alter the interactions between the cell population and 

matrix. As a result, some specific cell populations may be more vulnerable and affected.46 

Arnoczky et al. 2008 found that collagenase MMP-13 expression can increase with stress 

deprivation causing changes in cell morphology, environment,47 cell apoptosis,48 and cell 

response to loading.47 In summary, cells will not respond to a mechanical stimulus, repairs will 

not be conducted, and the microdamage rate will be speed up. 

 

1.1.1.8. – Loading properties of the SDFT 

Inappropriate or excessive exercise can damage a tendon in a developing stage, and 

recovery can be limited when an exercise level has been established. The deleterious effects of 

a training program on tendon development is important when preparing equine athletes.49 

Lavagnino et al. 2006 in vitro experiments demonstrated that microdamage occurs after a single 

loading event at 80% of failure strain.46 Therefore, upon repetitive loading cycles, one 

abnormal loading cycle can be associated with strains of enough magnitude to induce focal 

microdamage and no clinical injury.33 Muscle fatigue, poor conformation, unfit horses, muscle 

incoordination, neuromuscular responses, or work on rough surfaces can induce an abnormal 
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loading event, degenerative changes and the final clinical picture of tendinopathy. Most of 

these events usually occur at the end of the strenuous exercise.50,51–54 8,55,56 SDFT muscle is 

characterized by fatigue resistance and high force production properties. These capacities allow 

the SDFT to store and return elastic energy. The deep digital flexor tendon would reinforce the 

SDFT in limb load support preventing hyperextension on the fetlock. However, the deep digital 

flexor muscle´s fast-contracting properties makes it to quickly fatigue, failing to perform its 

functions. If this occurs, the metacarpophalangeal joint will be destabilised and so the SDFT 

will be subjected to higher strains, which may result in fibril microdamage. Therefore, the 

overload of the SDFT comes from the fatigue of the deep digital flexor muscle.57  

The reduction of the tendon fibril diameter in equine tendons with increasing age might be a 

natural age-related phenomenon leading to greater fibril surface areas with increased fibrillar 

interaction and reduced sliding at the fascicular/fibrillar interface and hence a stiffer 

interfascicular/interfibrillar matrix. This could be a potential reason for the higher propensity 

to tendinopathies with increasing age.58 Identification of protein cleavages associated with 

aging and injury suggest impaired maintenance and repair in aged tendons.59 

In summary, clinical SDFT tendinopathy has a multifactorial origin. A better 

understanding of the tendon unit at the molecular and cellular level is needed. These may aid 

in directing treatments and reducing reinjury. 

 

1.1.2. – Clinical picture of the SDFT tendinopathy 

1.1.2.1. – Location of the injury in the SDFT 

SDFT injuries in athletes occur more frequently in the front limbs than in the hindlimb. 

In one study, Genovese et al. 1997 described 58% incidence of SDFT injuries in the left 

forelimb and 42% in the right forelimb.60 Diagnosis of bilateral injury has been more common 

since checking the contralateral limb protocols have been established. The majority of SDFT 
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lesions on racehorses occur in the mid-metacarpal region.61,62 Other SDFT regions include the 

musculo-tendinous junction of the antebrachium, the carpal canal and subcarpal region, and 

the pastern. Horses used for jumping and dressage have shown SDFT injury associated with 

tenosynovitis of the digital flexor tendon sheath (DFTS). In harness standardbred racehorses, 

the SDFT lesion can extend to the metacarpal region and/or involve the DFTS and palmar 

annular ligament. These horses exhibit a soft tissue swelling profile in the palmar aspect of the 

fetlock region. 

1.1.2.2. – Clinical signs of the SDFT tendinopathy 

Clinical signs vary depending on the location of the primary injury, type of injury, 

severity, and time of evaluation. Sometimes, clinical signs can be delayed, and a lack of 

correlation between the injury´s and tendonitis severity can occur. At this stage, upregulation 

of matrix degrading enzymes and microdamage occurs. For this reason, it is very important to 

identify subtle injuries and use diagnostic imaging earlier to determine the extent of the 

lesion.63 

1.1.2.2.1. – Lameness 

One of the first signs is pain on palpation and mild swelling over the affected region. 

Intervention could be delayed if those signs are missed and/or because lameness may not be 

initially present. When present, lameness is associated with a degree of injury, which can lead 

to further propagation of the lesion. 

1.1.2.2.2. – Swelling 

Swelling is normally characterized by subcutaneous or peritendinous fluid 

accumulation diffusely or focal. Exact palpation of the SDFT may be obscured.  
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1.1.2.2.3. – Thickening 

  A palpable enlarged SDFT can be identified, specially in subacute stages. For this 

reason, it is important to digitally separate the medial and lateral borders of the SDFT from the 

accessory ligament of the deep digital flexor tendon (ALDDFT) and the DDFT itself.  

1.1.2.2.4. – Heat 

Increased temperature over the projection of the affected region of the SDFT is the 

earliest and most subtle clinical sign of SDFT injury that can be identified. 

1.1.2.2.5. – Pain on Palpation 

This might be the most important part of the clinical exam. Detecting a painful response 

on palpation can be the earliest clinical sign. For this reason, a systematic evaluation should be 

established in these athletes.  

1.1.2.2.6. – Tendon Profile 

Changes to the tendon profile while the horse is fully weight bearing can catch the 

evaluators eyes. The SDFT should be superficial, straight, and parallel to the DDFT. Only 

when severe damage occurs, changes in the tendon profile can be identified. 

 

1.1.3. – Diagnosis 

There are different diagnostic imaging techniques to image the SDFT lesions including 

ultrasonography (US), magnetic resonance imaging (MRI) and computed tomography (CT). 

The main purpose of using a diagnostic imaging technique is to characterize the lesion and 

determine the progression over time. Validation of doppler ultrasound characterization, 

elastography, microbubbles, angle contrast techniques can improve the identification and 

catheterization of the normal tendon and ligament structures to differentiate from pathologic 

changes. As gold standard, a combination of these images modalities with the histology 
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background allows more accurate diagnosis and characterization of the lesion and, in doing so, 

defining a treatment protocol.64 

 

1.1.3.1. – Ultrasonographic evaluation 

From the metacarpophalangeal joint to the carpus, the superficial digital flexor tendon 

has a uniform echogenicity, parallel fiber pattern, and cross-sectional area ranging from 0.6 to 

1.2 cm2.65,66 A decreased echogenicity, lack of fiber alignment and tendon enlargement is 

indicative of a lesion.67  Normally, the damage occurs in the center of the affected tendon and 

appears as anechoic or hypoechoic. The severity of an SDFT lesion is a combination of the 

length of the lesion, tendon cross-sectional area, lesion cross-sectional area, lesion 

echogenicity, and fiber alignment within the area of injury.67 Tendon cross-sectional area 

(TCA), lesion cross-sectional area (LCA), echogenicity, and fiber alignment are evaluated at 

the most severe area of injury in each zone and are summed to obtain a total measurement or 

score for the entire tendon. Further information can be obtained with off-angle and non-

weightbearing ultrasound imaging. 

 

1.1.3.1.1. – Echogenicity  

Echogenicity refers to the whiteness or brightness of a structure. Each tendon and 

ligament has a characteristic echogenic pattern at specific anatomical sites. Lesions vary in 

echogenicity depending on morphological consistency at the time of the examination. A 

scoring system can be used to improve objectivity when assessing the severity of an injury or 

the response to therapy (Table 1). 
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1.1.3.1.2. – Fiber Alignment Pattern Assessment  

Assessment of fiber bundle alignment in longitudinal images determines the nature of 

a tendon or ligament’s fiber arrangement. Normally the fibers are aligned in parallel except in 

some areas. When the SDFT sustains an injury, the fiber pattern is disrupted. Initially, during 

the healing process, the irregular orientation and cross-linking of new collagen fibers can create 

scar tissue that results in improvement in echogenicity. However, the scar constitutes a poor 

scaffold for parallel alignment of fibers. Parallel alignment is more advantageous than random 

orientation because randomly oriented scar tissue is susceptible to reinjury. The fiber alignment 

pattern (Table 1.1) can be used to predict the prognosis for return to racing.68 Horses with a 

mean fiber alignment score (FAS) of less than or equal to 50% at 4 months after treatment are 

more likely to return to racing than a horse with a mean FAS greater than 50%. An 

improvement in total FAS of greater than 75% has been associated with a greater chance of 

returning to racing.66,68 

 

Table 1.1: Ultrasonographic grading scale of lesions in horses with superficial digital flexor 

tendinitis. From Reef et al.  2001. 

 

1.1.3.1.3. – Cross-Sectional Area  

Cross sectional area measurements of transverse images of a ligament or tendon are 

useful to assess a subtle injury or determine the clinical significance of a localized, focal 

hypoechogenic fiber bundle path. An injured tendon or ligament usually is enlarged, and 

although this finding may not be obvious subjectively, measurements of CSA confirm 

structural thickening.67,69,70 
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CSA is also a useful parameter to evaluate the quality of repair because decreasing size during 

rehabilitation indicates resolution of the inflammatory component of healing or may indicate 

favorable scar remodeling. Randomly oriented scars usually form in a rounded fashion and 

occupy more space. As the scar remodels into a more parallel alignment, less space is 

necessary, resulting in a reduction in CSA.67,69,70 

1.1.3.1.4. – Quantitative analysis 

Further terms are used to reference tendon lesions: 

1. Maximal injury zone (MIZ)  

2. Maximal injury zone cross-sectional area (MIZ-CSA)  

3. Maximal injury zone lesion cross-sectional area (MIZ-LCA)  

4. Maximal injury zone type or echo score (MIZ-TS) (MIZ-ES)  

5. Maximal injury zone fiber alignment score (MIZ-FAS)  

6. Total cross-sectional area (sum of included levels; T-CSA)  

7. Total lesion cross-sectional area (sum of all levels with a lesion; TL-CSA)  

8. Total type or echo score (sum of all levels with a score; T-TS or T- ES)  

9. Total fiber alignment score (sum of all level scores; T-FAS)  

10. Average fiber alignment score (total divided by number of levels included; A-FAS)  

11. Percent total lesion: ([TL-CSA ÷ T-CSA] × 100 = % T-lesion) In a normal horse, typical 

measurements of T-CSA in the forelimb include 8 zones of the SDFT = 886 mm 

12. Hyperecoic fiber bundle (HYP). 

Tamura et al. 2018 and  Oikawa and Kasashima 2002 reported a significant relationship 

between MIZ-%HYP and the possibility of return to racing using a univariable regression 

model.61,71 CSA has also been used to assess the severity of injuries.72,73 Combining 

ultrasonographic data, including MIZ-%HYP and CSA, can help to categorize the severity of 

SDFT injury.72,74 Some descriptive studies have reported that the prognosis for returning to 
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racing is associated with the initial category of the affected horses and/or improvement in 

ultrasonographic findings during rehabilitation.63,72,74 Lately, Alzola et al. 2018 described that 

for cases of SDFT tendonitis with core lesions, cross-sectional area at the MIZ was the most 

significant factor determining a successful return to racing. In horses where the lesion was 

<50% of the total cross-sectional area, these individuals had 29–35% probability of 

successfully racing again, but if it was ≥50%, the probability decreased to 11–16%. For cases 

of SDFT tendonitis without a core lesion, longitudinal fibre pattern at the MIZ best predicted 

a successful return to racing. If the affected longitudinal fibre pattern was <75% of the total, 

horses had 49–99% probability of successfully return to racing, but if it was ≥75% this 

decreased to 14%.75 

 

1.1.3.1.5. – Computerised analysis of ultrasound images (UTC) 

This technique is based on the acquisition of continuous transverse ultrasound images 

of the SDFT along its entire length.76 The combination of those images will form a 3D block 

of information. The information of the different grey levels of the involved pixels on those 

transverse images can differentiate structure and non-structures echoes. These allow the 

creation of longitudinal information of the tendon from the transverse ultrasound images. Four 

different types of echos can be studied which provide important information of the 3D 

arrangement of the collagenous matrix of the tendon as well as the tendon integrity.77 The 

compilation of these data gives us information on the healing pathways.78  

 

1.1.4. – Definition of repair 

Tendons naturally repair by maturation and linear arrangement of scar tissue within the 

lesion; this tissue is functionally deficient compared to normal tendon. The consequences are 

reduced performance and approximately 80% of the horses re-injure.4,79,80 The goal of ideal 
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healing is to avoid the formation of scar tissue, regenerate a normal tendon matrix and reduce 

or eliminate re-injury.  

Williams et al. presented in 1980 the histological appearance of the reparative scar tissue of 

the SDFT after a partial rupture and compared those findings to a normal tendon. It contained 

repaired fibroblasts that appeared larger and more basophilic resembling myofibroblasts. The 

repaired areas contained 20 to 30% type III collagen. These findings led to the idea that the 

repaired tissue was derived from mesenchymal cells resting in peritendinous connective tissue 

or blood vessels instead of tenocytes. The high amount of type III collagen gives the repaired 

tendon less tensile strength.5 

Södersten described how the injured tendons display different repair-tissue appearances with 

organized and disorganized fibroblastic regions as well as areas of necrosis. They found that 

normal tendons presented distinct immunoreactivity for COMP and expression of COMP 

mRNA and type I collagen in the normal aligned fiber structures, but no immunolabeling of 

type III collagen. In contrast, immunoreactivity for type III collagen was present in the 

endotenon surrounding the fiber bundles, where no expression of COMP could be seen. 

Immunostaining for type I and III collagens was present in all the pathologic regions indicating 

repair tissue. Another result they found was that the granulation tissues showed 

immunostaining for COMP and expression of COMP mRNA, indicating a role for COMP in 

the repair and remodelling of the tendon after fiber degeneration and rupture. Their study 

suggested that not only type III collagen but also COMP is involved in the repair and 

remodelling processes of the tendon.81 

 

1.1.5. Current available medical therapies 

Different medical therapies for management of tendonitis described in the literature 

have aimed to improve quality of tendon healing and to decrease healing time. Therapies 
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include extracorporeal shock-wave therapy,79 intralesional injection of hyaluronan, beta 

aminoproprionitrile fumarate, polysulphated glycosaminoglycans,82 and biologic agents such 

as platelet rich plasma (PRP) and stem cells.79 Reports of multiple treatment options reflect the 

lack of an effective treatment and that adequate tendon repair remains a clinically unmet need. 

It has been shown that controlled exercise by itself is an important component in the recovery 

of tendon injuries.82   

The selection of recombinant forms of growth factors, bone marrow aspirate, cultured stem 

cells, PRP or mixtures of several, for injection to acute and subacute tendinopathy is still based 

only on empirical evidence, with limited experimental and controlled case studies to support 

the choices. 64Available products include: (1) bone marrow aspirate, (2) centrifuged bone 

marrow aspirate concentrate, (3) platelet rich plasma (PRP), (4) interleukin-1 receptor 

antagonist protein (IRAP), (5) cultured MSCs, (6) concentrated adipose tissue digest (adipose 

derived nucleated cells, e.g. stromal vascular fraction), (7) fetal derived embryonic stem cells 

(ESCs), and (8) induced pluripotent stem cells.64  

 

1.1.6. – Risk factors for the failure of Thoroughbred racehorses to return to racing after 

SDFT injury. 

Most horses with SDFT injuries cannot continue training and racing without a period 

of rest.67 Although the time out of training ranges from 6 to 26 months, depending on the initial 

severity of SDFT injury,63,74 40-80% of affected horses cannot successfully return to racing 

defined as completion of five or more races. 83 Different studies have used ultrasonography to 

determine the severity of SDFT injury for investigating variables associated with the failure to 

return to racing.73,74,84 Although many studies have used univariable analyses and/or 

descriptive statistics to determine risk factors, statistical analysis, including assessment of the 

impact of multiple variables, is important for assessing the relationship between many factors 
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and the event. Furthermore, studies have demonstrated that serial ultrasonographic evaluations 

are required during rehabilitation, because prognostic predictions are determined based on 

ultrasonographic changes in the lesion as previously mentioned.61 The combination of all these 

assessments aims to improve the athletic outcome of the patient. 

1.2. – Cell-based therapies 

The cell-based therapies for equine patients have continued to grow at an exponential 

rate. Even though there is a plethora of information, the knowledge about the definition and 

function of stem and stromal cells is still growing. 

The mesenchymal stem cells have been mentioned as stromal stem cells or stromal bone 

marrow stem cells because they were initially isolated and defined from bone marrow 

aspirates.85 

Based on the criteria of the International Society for Cellular Therapy (ISCT), we will use the 

term multipotent stromal cells (MSCs), unless there is proof that they exhibit the fundamental 

in vivo characteristics of pluripotency and the ability to self-renew. 

 

1.2.1. – The definition of stem cell 

World-wide, stem cells have been classified for displaying the capacity to self-renew, 

proliferate extensive and indefinitely, and to progress into different cells and tissue (Figure 

1.7). 86–88 True stem cells must can be implanted and later recovered from the tissue when they 

express the same ability to differentiate.  Potency is the ability of the cells to differentiate and 

can be categorized into uni-, multi-, pluri-, and toti-potency, based on the tissues the stem cell 

can produce. Unipotent stem cells are resident stem cells of an adult tissue within a specific 

organ, and are responsible for the renewal of these tissues. In contrast, multipotent stem cells 

can produce different cells or tissues.. The ontogeny of MSCs and whether MSCs reflect an in 

vitro cell selection phenomenon or reflects a real stem cell with an in vivo equivalanent remains 
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undetermined.89–91 Multipotency is also used to describe stem cells capable of proliferating into 

multiple cell lineages within one germ layer or multiple germ layers.92 Embryonic stem cells 

are referred as pluripotent because they can progress to three germ layers. A stem cell that is 

totipotent can create any type of cell in the body as well as the cells of extra-embryonic tissues 

of the placenta. The zygote remains the only totipotent stem cell to date.93 The characteristics 

of stemness can be difficult to prove due to the lack of specific molecular or genetic markers 

of stem cell properties as well as difficulties conducting serial cell transplantation of cells from 

solid tissues to prove in vivo stemness. 94,95  

 

 

Figure 1. 7: Stem cells are characterized by their ability to self-renew (asymmetrical cell 

division), proliferate extensively in vitro, and differentiate into one or more tissue types. 

Depending on the stem cell’s ability to make tissue types of two or three germ layer origin and 

extra-embryonic tissues they are called multipotent, pluripotent, or totipotent, respectively. 

From Koch et al. 2008. 
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Stem cells can be further categorized based on tissue origin, potency, and possible cell 

surface markers. Based on the differential potential, adult stem cells have been categorized into 

hematopoietic or mesenchymal stem cells (MSC). Hematopoietic stem cells have surface 

markers that are cluster of differentiation (CD) 34.96 This marker allow separation of stem cells 

from a mixed cell suspension by using automated fluorescence-activated cell sorting (FACS) 

techniques.97 No similar marker, or panel of markers, exist to positively identify MSCs. Cells 

with in vitro evidence of long-term survival with self-renewal ability and tissue repopulation 

with multilineage differentiation should be named mesenchymal stem cells.98  

 

1.2.2. – The definition stromal cell 

The International Society for Cellular Therapy (ISCT) assessed the broad word 

“mesenchymal stem cells” and has proposed the term “multipotent mesenchymal stromal cells” 

to describe cells for which in vivo stemness has not been demonstrated (Figure 1.8).98,99 The 

acronym MSCs has been used nonspecific for“mesenchymal stem cells” and “mesenchymal 

stromal cells”. Any research project should clarify which cell type is used. However, the 

division between the two stem cell populations has not been commonly accepted. Human 

multipotent mesenchymal stromal cells were proposed by ISCT be characterized by adherence 

to plastic, express the surface markers CD73, CD90, and CD105, not express the surface 

markers CD45, CD34, CD14 [CD11b], CD79 [CD19], and HLA-DR, and have trilineage 

differentiation potential towards osteoblasts, adipocytes, and chondroblasts in vitro.  
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Figure 1. 8: Summary of criteria to identify MSC from Dominici et al. 2006. 

 Reasons to define mesenchymal stem and stromal cells more precisely were: 1) a 

precise description of cell populations allows a valid comparison of research results from 

different investigators; 2) the term “stem” in mesenchymal stem cells indicates more biological 

and functional properties than the cells possess, which might lead to unrealistic expectation for 

these cells, especially in the literature. That said, this attempt at defining and discriminating 

between mesenchymal stem and stromal cells has largely been unsuccessful and the acrynym 

MSC is used indiscriminate. This is likely due to the lack of in vitro markers to distinguish 

between stem and stromal cells.  

 

1.2.3. – What is the source, isolation, and expansion of stem cells? 

Stem cells are classified into embryonic, foetal, or adult, based on the age of the original 

tissue. Normally, embryonic stem cells originate from the inner cell mass of the blastocyst.87,88 

Mechanical dissection, immune dissection or its combination can be used to obtain the inner 

cell mass, which is then cultured to be able to isolate embryonic stem cells.100–102. Fetal, adult, 

and neonatal stem cells are isolated by separating out the mononuclear cell fraction (MNCF) 

from any tissue (Figure 1.9). 86,97,103–105  Once the cells increase in number they can be brought 

into suspension and placed in culture flask for expansion.106–108  
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Figure 1. 9: Stem cells are derived from embryonic, fetal, neonatal, and adult tissues. 

Embryonic stem cells (ESCs) are most commonly isolated from the inner cell mass (ICM) of 

the blastocyst. Blastocysts can be produced in vivo after natural or artificial insemination or in 

vitro by somatic cell nuclear transfer (SCNT) or by in vitro fertilization (IVF) techniques. Adult 

and neonatal stem cells are mononuclear cells and are isolated from the mononuclear cell 

fraction (MNCF) or stromal-vascular fraction (SFC) depending on the cell source. The optimal 

stem cell state for storage, therapy, in vitro differentiation, cell-based therapies, and tissue 

engineering purposes is currently undetermined. From Koch et al. 2008. 

 

1.2.4. – The broad-spectrum mechanism of action of stem cells 

1.2.4.1. – The importance of differentiation and tissue integration 

 MSCs were thought to be able to proliferate and spontaneously differentiate into the 

cell types of the tissues they were injected into leading to tissue regeneration and repair. The 

rationale of this theory originated from hematopoietic stem cells (HSC) where donor HSC can 

repopulate bone marrow and re-establish the erythroid and myeloid cell populations.109,110 

Studies in mice have shown that transfused HSCs retain their function and capacity to 
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repopulate the hematopoietic system.111 This paradigm of mechanism of action of MSCs upon 

injection into damaged tissue has since been rejected and MSCs do not spontaneously 

differentiate and integrate into tissues.112   

Tendon resident cells include tendon stem/progenitor cells (TSPCs) and tendon-derived 

stem cells (TDSCs). It has been proposed that these tendon resident cells (TSPCs and TDSCs) 

direct tendon regeneration processes. The biological response to injury can be influenced by  

MSCs exerting an immunomodulatory effect changing the inflammatory environment. It is 

well established that the equine tendon will heal slowly after injury by production of fibrotic 

scar tissue. For this reason, enhancing these constellations of processes are important to change 

the tendon repair from pro-fibrotic to tissue regeneration. MSCs enhance the tenogenic 

properties of the native cell populations113,114 Equine MSCs, do express major 

histocompatibility complex class I (MHC-I). However, major histocompatibility complex class 

II (MHC-II) or T-cell molecules surface expression is absent or low. MSCs have many other 

soluble mediators to fulfil these functions such as prostaglandin E2 (PGE2), transforming 

growth factor b, interleukin-6 (IL-6) among others.115–117 Carrade et al. 2012118 described how 

independently of the tissue of origin, MSCs can decrease lymphocyte proliferation, increase 

PGE2 and IL-6 secretion, and decrease the production of tumor necrosis factor-a (TNF-a) and 

interferon-g (IFN-g). These results have an important role in the treatment of inflammatory 

lesion led by activated lymphocytes and TNF-a and IFN-g in vivo. 

1.2.4.2. – The intrinsic function of cell-to-cell fusion  

 The capability of MSCs to fuse spontaneously with embryonic stem cells has been 

described in vivo and in vitro. Furthermore, MSCs can adopt the phenotype of other cells by 

cell fusion.119,120 These characteristics have been described between bone marrow cells with 

hepatocyte, and cardiomyocytes.120–123 Terada et al. 2002,120 demonstrated it with mouse bone 

marrow cells. The importance of this finding relies on the reports of transplanted bone marrow 
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cells turning into unexpected cell types in vivo. We can speculate that these conditions can 

occur in the equine tendon; however, it has not been studied. 

1.2.4.3. – The role of transfer of organelles, enzymes, and vesicles between cells. 

  Cell-to-cell interaction based on membrane continuity and intercellular transfer of 

organelles, using for example tunnelling nanotubes, has been described in MSCs for the 

transfer of proteins, organelles, and vesicles to differentiated cells.124–126 This mechanism has 

not been reported in regenerative therapies of tendon regenerative injuries, and it is unknown 

if these interactions occur. 

1.2.4.4. – Mechanism as reactive oxygen scavenger. 

 Torrente et al. 2014 described the important function of MSCs in regulating oxidative 

stress production.127 In this study, it was shown how hMSC-CM rescued cell morphology and 

polarity to the control group values concluding that hMSC-CM are a source of paracrine signals 

to reduce oxidative stress thus affecting cell morphology.127 MSCs have been shown as well to 

have hepatoprotective effects by reducing hepatic oxidative stress.128,129 Whether similar 

processes occur during tendon healing is unknown.  

1.2.4.5. – Description of the immunomodulatory, anti-inflammatory and antiproliferative 

properties. 

 MSCs secrete multiple anti-inflammatory molecules in response to pro-inflammatory 

molecules inducing the conversion of Th1, Th2, natural killer T-lymphocytes, Treg, and 

dentritic cells to develop an anti-inflammatory phenotype.130–132 

BM-MSCs can suppress lymphocyte proliferation in four different ways. This 

phenomenon was evaluated with human BM-MSCs co-cultured with autologous lymphocytes 

that were stimulated with allogeneic lymphocytes in mixed lymphocyte reaction (MLR) under 

different conditions.133 First, MSCs are associated with lymphocyte suppression in a dose 

dependent manner with maximal suppression at MSCs to lymphocyte ratios greater than 1:1. 
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Second, MSCs suppress lymphocyte proliferation independent of the time that they were 

added. Third, removing MSCs from the culture conditions reversed lymphocyte suppression 

that had previously occurred. Lastly, the separation of MSCs from lymphocytes using a porous 

interface that allowed MSCs to share culture media but prevented cell-to-cell contact resulted 

in similar suppression of lymphocyte proliferation. This last finding suggests that MSCs exert 

their function through secreted soluble factors. 133 

MSCs induce changes in lymphocyte populations such as CD4+ T-helper lymphocytes 

(Th), CD8+ cytotoxic T-lymphocytes (CTL), regulatory T-lymphocytes, (Treg), and B 

lymphocytes. These effects are mediated through secretion of soluble factors such as PGE2, 

TGF-β, nitric oxide (NO), hepatocyte growth factor (HGF), and indoleamine 2,3-dioxygenase 

(IDO).134 These factors result in decreased proliferation of CD4+ and CD8+ lymphocyte 

populations, decreased B-cell proliferation/antibody production, and increased Treg 

proliferation.131,133,135  

PGE2 has been associated with complete and partial blockade of MSCs mediated 

lymphocyte suppression. This has been observed in MSCs derived from BM, CB, adipose 

tissue (AT) and umbilical cord tissue.136 

1.2.4.6. – Implication, determination, and importance of the immune function of MSCs. 

 There are different methods of lymphocyte stimulation to mimic physiologic immune 

reactions in vivo.137–139 A one-way lymphocyte reaction means the combination in a culture of 

peripheral blood lymphocytes (PBL), named the responder cells, with a cell population, called 

stimulator cells, once they have been mitotically arrested. Autoreactivity of PBL is determined 

by co-culturing responder and stimulator cells from same individual. Alloreactivity or positive 

response is determined by co-culturing responder and stimulator cells from different 

individuals or using chemicals. MSCs originating from different sources have been shown not 

to induce lymphocyte proliferation through one-way MLR.140 Therefore, MSCs were referred 
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to as immune privileged because of this lack of lymphocyte stimulation following one-way 

MLR. The stimulation of equine BM-MSCs with Interferon-γ can induce a one-way MLR.  

Stimulation with Interferon-γ causes an increase in MHC-II expression.141 It was thought that 

MSCs can achieve the immune-privileged status by expressing low levels of MHC-II 

molecules to avoid being recognized as foreign. 142–146 However, equine MSCs are not 

immune-privileged, and these cells are recognized by the immune system as evidenced by the 

production of antibodies against them .147,148 

Two-way lymphocyte reactions refer to an alloreactive one-way lymphocyte reaction 

as described with the addition of mitotically arrested test cells. Lymphocyte suppressive 

properties of the test cells are concluded if the expected responder cell proliferation does not 

occur. The responding T-lymphocytes proliferate due to recognition of foreign antigens on the 

allogeneic cells in a dose dependent fashion.149  Lymphocyte proliferative reactions have been 

used to evaluate autologous,133 allogeneic, and xenogeneic150 MSCs for their effect on 

lymphocyte suppression. When allogeneic and autologous MSCs were evaluated in one-way 

MLR reactions, no significant effect was observed. The MSCs were not recognized as foreign, 

nor did they appear to decrease baseline lymphocyte proliferation.118 MSCs have been 

evaluated using two-way mixed lymphocyte reactions in which lymphocyte proliferation has 

been suppressed regardless of the method of stimulation.133,151–153 Therefore MSCs suppress 

proliferation independently of how the stimulation occurs. It has been proposed as well to 

evaluate the cellular metabolic activity to determine the MSCs suppression of lymphocytes.154 

 CB-MSCs have been shown to express CD29, CD44, CD90, and to lack or have low 

expression of major histocompatibility complex (MHC) class I, MHC-II, CD4, CD8, 

CD11a/18 and CD73 before and after cryopreservation. CB-MSCs suppressed in vitro 

lymphoproliferation and expressed TLR. These results, suggest CB as a suitable MSCs source 

with anti-inflammatory properties.152,155 
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1.2.5. – Definition of equine mesenchymal stem cells. 

Equine mesenchymal stem cells are less well characterized than human MSCs, and 

inconsistent surface marker profiles have been observed. Surface expression of CD29, CD44 

and CD90 was reported in several studies. However, variable identification of CD73 and 

CD105 on mesenchymal stem cells has precluded establishment of a consensus panel for horse 

MSC.156–163 Further low, or absent, surface expression of the MHC-II, CD31, CD34, CD45 and 

CD79a has been described.140,156–174 The mesenchymal stem cells’ progenitor function is 

defined by their ability to differentiate into multiple cell types such as osteo-, chondro- or 

adipogenic tissue.99 MSCs have non-progenitor cell functions referred to as  

immunomodulatory functions.175 These functions play an important role in treating 

inflammatory diseases, such as osteoarthritis,176,177 by reducing inflammatory cytokine 

production and enhancing cartilage preservation. Although in vitro anti-proliferative effect of 

equine MSCs on lymphocyte proliferation has been described,140 the results from in vitro and 

in vivo studies are inconsistent.141,176 A major challenge is that there is no identified phenotype 

of MSCs with predictable in vivo immunomodulatory capability. It has been hypothesized that 

MSCs could have different polarity similar to macrophages creating MSC-1 and -2 

subpopulations with pro-inflammatory and anti-inflammatory properties, respectively. The 

subpopulations MSC-1 and -2 are thought to be associated with the expression of TLR4 or 

TLR3, respectively.178 Studies on toll-like receptors have shown that MSC from different 

species or tissues can express different TLR transcripts and antigens,179–181 which suggest 

functional properties associated to the tissue they originate from. It has been reported that 

equine CB-MSCs suppressed lymphoproliferation in vitro,140 but correlation with TLR3 or 

TLR4 expression was not determined. 

Work by Mohanty et al. 2013 supported the use of allogeneic CB-MSCs findings for 

therapeutic application in tendon injuries. Their findings showed that umbilical cord blood 
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mesenchymal stromal cells expressed pluripotency markers (OCT4, NANOG, and SOX2) and 

MSCs surface markers (CD90, CD73, and CD105) by RT-PCR, but did not express CD34, 

CD45, and CD14. Using immunocytochemistry, the isolated cells showed expression of CD90 

and CD73 proteins but tested negative for CD34 and CD45. Using flow cytometry, CD29, 

CD44, CD73, and CD90 expression was confirmed. The umbilical CB-MSCs could be 

differentiated into tenocytes by culturing in growth medium supplemented with 50 ng/ml of 

BMP-12 for 10 days. mRNA expression within the differentiated cells included type I alpha 1 

(Col1α1), scleraxis (Scx), tenomodulin (Tnmd) and decorin (Dcn) by RT-PCR. In addition, 

flow cytometry detected tenomodulin and decorin protein.158 De Schauwer et al. 2014 reported 

that equine MSCs from umbilical cord blood could be differentiated toward the osteo-, 

chondro-, and adipogenic lineage. These equine MSCs expressed the immunomodulatory 

genes CD40, CD80, HGF, and transforming growth factor-beta (TGFβ). No mRNA expression 

was found for CD86, indoleamine 2,3-dioxygenase (IDO), and tumor necrosis factor-alpha 

(TNFα). 159  

1.2.6. – The importance of safety, challenges, and considerations of the treatment of 

equine superficial digital flexor tendinopathies with MSCs. 

The potential therapeutic use of equine multipotent mesenchymal stem cells (MSCs) for 

tendinopathies has been widely described.182–184 Protocols have been developed to isolate 

MSCs from tissues such as bone marrow,185,186 adipose tissue,187–189 umbilical cord 

tissue,157,190–193 and umbilical cord blood.194–196 Bone marrow (BM) aspirate directly injected 

into damaged suspensory ligaments in 100 horses revealed good clinical outcomes.197 Smith, 

2008,185 reported a significantly decreased re-injury rate of 18% in 168 horses with SDFT 

injuries with intralesionally injected with expanded bone marrow derived mesenchymal stem 

cells (BM-MSCs). This is much improved in contrast to a 56% re-injury rate reported in another 

study.82 
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We know that the successful low reinjury rate of 18% could only be achieved when the 

BM-MSCs were administered in the first 6 weeks after injury.185 This requires very prompt 

action to ensure diagnosis of the tendon injury, harvest of bone marrow from the horse, and 

expansion of the MSCs in the laboratory to obtain at least 10 million MSCs or more for 

intralesional expansion. The volume, 1.5 mL, of the BM-MSCs was considered an issue as well 

because of disruption of the intact tendon.198 The success achieved in cell therapy in horses 

with core lesions in SDFT has been observed following the intralesional injection due to 

granulation tissue and the enclosed nature of core lesions that may have provided an 

appropriate scaffold.199 

Adipose-derived mesenchymal stem cells revealed an improvement in the structure 

organization and anti-inflammatory properties in a collagenase-induced tendinitis model. Good 

results were observed in the treatment of tendon injuries with MSCs in clinical and 

experimental studies. The success was documented upon clinical examination, ultrasound and 

histologically.185,200 The results by Romero et al. 2017 were beneficial especially when BM-

MSCs were used compared to PRP and AD-MSCs.201  

 

Cord blood MSCs for tendon repair 

The use of allogeneic equine umbilical cord blood mesenchymal stem cells (CB-MSCs) 

would make MSC more readily available at the time of diagnosis of tendon injury if tolerated 

well. Successful intralesional clinical application of CB-MSCs has been described for 

treatment of SDFT, deep digital flexor tendon (DDFT) and suspensory injuries. 157,202  No 

adverse effects were reported when allogeneic CB-MSCs were used intradermally,193 

intravenously 203 and intra-articularly.192,196,204 Equine in vitro and in vivo studies have also 

revealed CB-MSCs have immunomodulatory functions, which are preserved even after 

cryogenic storage.152,196,204 These findings support the clinical use of cryopreserved CB-MSCs 
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immediately upon thawing and the creation of cell banks. Tendinopathies of the SDFT, DDFT 

and desmopathy of the suspensory ligament treated with intralesional injections of CB-MSCs 

have been used safely and with good outcome in two studies in equine patients.157,202 In 

humans, animal models have been used to evaluate human CB-MSCs to enhance bone-tendon 

healing during anterior cruciate ligament (ACL) reconstruction.205 Rotator cuff tendon tear 

(RCTT) affects 30% of the population above 60 years of age. The lack of the therapies available 

to improve the quality of postoperative results have leaded the study of UCB–MSCs on the 

regeneration of RCTT in chronic RCTT using a rabbit model, which appears to be promising.206 

Delivery of CB-MSCs has been successfully performed via intra-arterial perfusion in 

equine patients.207–209 This technique allowed delivery of high numbers of MSCs to the 

lesion.210 However, there are no studies in the literature that describe the combination of 

intralesional and intra-arterial perfusion for the treatment of tendinopathies using allogeneic 

CB-MSCs. The justification for intra-arterial delivery of MSC relies on the increased 

development of neovascularization during the pathologic insult to the tendon and in particular 

the possibility to deliver the MSC in diffuse lesions that are not able no to be treated 

intralesional.209 Intra-arterial delivery combined with previous intralesional injection will 

enhance the evaluation of CB-MSCs therapy. 

While single intra-tendon injections of allogeneic MSCs have been established to be 

safe,187,202 the effect of repeated injection of allogeneic CB-MSCs into equine tendons is 

unknown. There is a clinical need for evaluation of the safety and efficacy of this treatment. 

Multiple parameters have been used to determine the safety of injection of allogeneic 

MSCs.189,193,195,202,204,211 Williams et al.196 described how CD4+ and CD8+ lymphocyte 

populations increase after repeated intravenous injection of CB-MSCs, which contradicts in 

vitro studies where lymphocyte suppression by CB-MSCs was observed in the mixed 

lymphocyte reaction (MLR).211 
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1.2.7. – The use of cryopreserved CB-MSC in equine patients 

Normally, MSCs used in veterinary medicine are prepared in the hospital lab or 

transported chilled or frozen for its used. MSCs suspensions could be prepared in an excipient 

to reduce manipulation at the time of preparation and reduce contamination of the product. In 

general, MSCs are transported chilled suspended in balance electrolyte solutions autologous 

bone marrow supernatant, or in medium containing autologous allogeneic, or xenogeneic 

serum.212,213 The viability of the MSCs decreased significantly when they are transported more 

than 24 hours. Williams et al. 2014 showed the feasibility of developing an off the shelf 

cryopreserved CB-MSCs therapy using an allogenic strategy.152 Clinical use of cryopreserved 

CB-MSCs immediately upon thawing allows the clinician to use the product at the best time 

for the injury. Williams et al. 2014 described how cryopreserved CB-MSCs therapy appears 

feasible using allogeneic cells. The study showed immune-tolerant properties of MSCs, 

indicating the advantage for immediate MSCs treatment using cryopreserved MSCs. Williams 

et al. 2014 showed that cryopreserved CB-MSCs constitutively suppress lymphocyte 

proliferation in vitro independent of post-thaw culture period.152 Therefore, cryopreserved 

equine CB-MSCs have a clinical use upon thawing, which could be used as well for treatment 

of tendinous lesions. 

  



 

 35 

1.3. -  Thesis objectives and hypothesis.  

The purposes of this research are to (1) confirm that the use of allogeneic CB-MSCs 

for treatment of SDTF injuries through repeated injections is well tolerated by the horse, (2) to 

address the quality of healing and duration of time to return to full work in horses with 

superficial digital tendon flexor tendonitis treated with repeated injections of allogeneic equine 

CB-MSCs compared to PRP.  

The hypothesis of the project is that the repeated intralesional use of allogeneic CB-

MSCs for treatment of naturally occurring SDF tendinitis in horses is safe and promotes 

better quality, and faster healing than repeated PRP treatment.  
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2.1. Abstract 

2.1.1. Objective: The main objectives of the study were to: 1) confirm that the use of allogeneic 

equine CB-MSCs for treatment of superficial digital flexor tendon (SDFT) lesions through 

repeated intralesional treatment was safe and well tolerated by horses, and 2) to assess the 

quality of healing and ability to return to full work in horses with SDFT tendonitis treated with 

repeated injections of allogeneic equine CB-MSCs compared with repeated intralesional 

platelet rich plasma (PRP) treatment. 

2.1.2. Design: Prospective randomized clinical study. 

2.1.3. Animals: Eight client owned thoroughbred racehorses, in speed training and racing 

between 2 and 6 years-old, sustaining a SDFT lesion that occurred within 6 weeks prior the 

treatment, met the inclusion criteria. Horses were allocated randomly to one of 2 groups. 

Horses in group 1, the allogeneic umbilical CB-MSCs treatment group (n=5), received 

ultrasound guided intralesional injection of 20 million allogeneic CB-MSCs at 0 and 4 weeks. 

Horses in group 2, the PRP treatment group (n=3), received ultrasound guided intralesional 

injection of a commercial PRPa preparation at 0 and 4 weeks. 

2.1.4. Procedures: To evaluate the safety of repeated allogeneic CB MSCs, patients were kept 

hospitalized for 3 days, and evaluations were performed prior to injection, and for 3 days 

following injection. Physical exams were performed twice daily recording: 1) heart and 

respiratory rate and rectal temperature; 2) signs of inflammation, swelling and changes in 

temperature were scored semi-quantitatively by palpation of the distal limbs and injection site; 

3) subjective evaluation of presence of lameness (AAEP grade 1-5) and objective evaluation 

with a lameness deviceb was performed. In addition, CD4+ and CD8+ lymphocyte populations 

were analyzed by flow cytometry. Whole blood was collected in heparin tubes prior to 

treatment (0h), followed by 24, 72 and 168 hours and processed as previously described by 

Williams et al. 2016. Ultrasound and lameness examinations were performed prior to 
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treatments and on rechecks every four weeks for a year. Racing performance was then 

evaluated for a year. 

2.1.5. Results: Eight thoroughbreds with a median age of 3 were enrolled. All patients in the 

CB-MSCs group had a significantly increased inflammation, swelling and temperature score 

for a median time of 48 hours, (range 24 to 72 hours). None of the horses that received 

intralesional PRP displayed these changes. There were no significant differences between 

groups in lameness for group, date, or group date interaction for any of the parameters 

evaluated for the objective lameness evaluation. There were no significant changes in the 

expression of lymphocytes CD4+ and CD8+ between groups, indicating no systemic immune 

reaction to repeated CB-MSCs treatment. For ultrasonographic evaluations, patients in the CB-

MSCs group had a faster decrease in the circumference measurements of the lesion region over 

time when compared to the PRP group (p=.0084). Interestingly, four out of five patients treated 

with CB-MSCs displayed an expansion of the needle tract at the injection site. This needle tract 

was observed in 2 patients throughout the study and disappeared over time.  

Overall, four out of five horses in the CB-MSCs group returned to racing, as defined by one or 

more races, and one out of three patients in the PRP group returned to race training. The other 

3 horses are now used as hunter jumpers. 

2.1.6. Conclusion and clinical relevance: Our findings support our hypothesis that: 1) the 

repeated use of intralesional equine allogeneic CB-MSCs for treatment of naturally occurring 

superficial digital flexor tendinitis in horses is safe; the increased inflammation following the 

CB-MSCs injection was short lived and self-limiting 2) CB-MSCs promotes better quality 

healing allowing patients to return to racing performance. The enlarging needle tract that was 

observed in the CB-MSCs group could have been a response to the cryomedium used for 

cryopreservation. Leakage of cells through the needle track into the paratendon may have 

decreased the numbers of MSCs in the lesion.214 An alternative delivery method of CB-MSCs 
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to the tendon lesion, like repeated intra-arterial perfusion would avoid the possible creation of 

needle tracts within the tendon tissue, but it needs to be evaluated in a prospective clinical study 

to determine if this route is equally efficacious to intra-lesonal injection. 
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2.2. Introduction 

Almost half (46%) of all injuries that occur in UK racecourses are ligament or tendon 

injuries.52,53 Thoroughbred racehorses have a high incidence (8-43%) of superficial digital 

flexor tendon (SDFT) injuries,4 but SDFT injury is also quite common in show jumping, 

dressage, eventing, endurance, and polo horses.79,84,215 

Successful healing of tendon injuries in horses is a challenge of major clinical 

importance. Despite over forty years of research of the superficial digital flexor tendon unit in 

the equine patient, we have not achieved our goal to regain normal tendon composition after 

injury.  

The SDFT has an important role reducing the weight in the distal limb and preventing 

a hyper-extended metacarpo/tarso-phalangeal joint. In addition, this tendinous structure 

absorbs and releases energy during the phases of stride, contributing to the efficiency of 

locomotion and absorption of forces for the limb. The large strain described during a gallop in 

thoroughbred horses show that the SDFT is functioning close to its maximum physiological 

limit.6,16,216 SDFT injuries normally manifest as a core lesion and are often preceded by 

clinically un-noticed chronic degeneration and accumulation of micro-damage characterized 

by the loss of collagen fibre crosslinking, alterations in central cellularity, fascicle size, fibril 

diameter, crimp angle, and declining concentrations of cartilage oligomeric matrix protein 

(COMP).217  

Tendons naturally repair by maturation and linear arrangement of scar tissue within the 

lesion; this tissue is functionally deficient in comparison to normal tendon. The consequences 

are reduced performance and approximately 80% of the horses sustaining re-injury.4,79,80 The 

goal of ideal healing is to avoid scar tissue formation, regenerate a normal tendon matrix, 

reduce and/or eliminate re-injury.  
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Different medical therapies for management described in the literature have aimed to 

improve the quality of tendon healing and to decrease the healing time. Treatments include 

shock-wave therapy,79 intralesional injection of hyaluronan, beta aminopropionitrile fumarate, 

polysulphated glycosaminoglycans,82 and biologic agents such as platelet rich plasma and stem 

cells.79 Reports of multiple treatment options reflect the lack of an effective treatment, and that 

adequate tendon repair remains a clinically unmet need. It has been shown that controlled 

exercise by itself is an essential component in the recovery of tendon injuries.82   

The potential therapeutic use of equine multipotent mesenchymal stem cells (MSCs) 

from various sources (bone marrow,185,186 adipose tissue,187–189 umbilical cord tissue,157,190–193 

and umbilical cord blood)  for tendinopathies has been described more recently.182–184 Smith et 

al. 2008,185 reported a significantly decreased re-injury rate of 18% in 168 horses with SDFT 

injuries treated with intralesional injections of expanded bone marrow (BM) derived MSCs 

when administered in the first 6 weeks after injury.185. This is much improved in contrast to a 

56% re-injury rate reported in another study.82 The use of previously frozen allogeneic equine 

umbilical cord blood (CB) MSCs makes them readily available when needed.  Successful 

intralesional clinical application of frozen and expanded CB-MSCs has been described for 

treatment of SDFT, deep digital flexor tendon (DDFT), and suspensory injuries. 157,202 

While single intra-tendon injections of allogeneic MSCs have been established to be 

safe,187,202 the effect of repeated injection of allogeneic equine CB-MSCs into equine tendons 

is unknown. There is a clinical need for evaluation of the safety and effectiveness of this 

treatment. The first intralesional delivery may create the perfect conditioned niche to enhance 

the functions of the allogeneic equine CB-MSCs brought in by repeated deliveries. The use of 

repeated intra-articular injections of allogeneic equine peripheral blood derived MSC has been 

shown to not cause adverse effects. Multiple parameters have been used to determine the safety 

of injection of allogeneic MSCs.189,193,195,202,204,211 Williams et al.196 described how lymphocyte 
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populations CD4+ and CD8+ increase after repeated intravenous injection of CB-MSCs, which 

contradicts in vitro studies where lymphocyte suppression by CB-MSCs was observed in the 

mixed lymphocyte reaction (MLR).211 

Autologous platelet rich plasma (PRP) has shown enhanced effects on tendon healing 

including: 1) improvement of tenocyte proliferation; 2) improved creation of collagen and 

matrix; and 3) enhanced vascularization. These effects improve the biomechanical properties 

of SDFT lesions.76,201,218,219 We considered the use of this biologic an optimal option as a 

control. 

Therefore, we hypothesize that the repeated intralesional use of allogeneic CB-MSCs 

for treatment of naturally occurring SDF tendinitis in horses is safe and promotes faster and 

better quality healing than repeated PRP treatment. 

The objectives of the study are (1) to confirm that the use of allogeneic CB-MSCs for 

treatment of SDFT injuries through repeated injections is well tolerated by the horse, (2) to 

assess the quality of healing and duration of time to return to full work in horses with superficial 

digital tendon flexor tendonitis treated with repeated injections of allogeneic equine CB-MSCs 

compared to PRP. 
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2.3. Material and Methods 

2.3.1. Ethics statement 

The University of Guelph Animal Care Committee approved all aspects of this study. 

Blood collection for lymphocytes falls under AUP #1756, and the clinical prospective study 

falls under AUP #4601. Equine umbilical cord blood MSC were procured from eQcell Inc. 

(Fergus, ON, Canada). No animals were sacrificed during the study.  

Once investigators had an approved animal care protocol from the University of Guelph 

Animal Care Committee, access to client horses to start the project was granted. Regarding the 

patients enrolled in the study, informed consent was obtained in writing from the horse 

owners/agents’ prior treatment and sampling. In this study, allogeneic equine CB-MSCs, 

treatment, and platelet rich plasma (PRP), control, was injected in naturally occurring 

superficial digital flexor tendon (SDFT) lesions. Peripheral blood was collected from each 

client horse. The client horses were hospitalized for three days after treatment. Intralesional 

treatment of allogeneic equine CB-MSCs and PRP as well as peripheral blood collection was 

performed by Dr. Merchán Muñoz, blinded to treatment allocation. All the data for this study 

were subsequently anonymized. This study was also specifically approved by the University 

of Guelph Research Ethics Board. 

 

2.3.2. Umbilical cord blood collection 

Umbilical cord blood was collected, without complications to the mare or foal, from 

foals immediately after foaling. Cord blood was collected immediately after foaling and before 

the umbilical cord broke spontaneously or was broken according to farm management protocol. 

Venipuncture of the umbilical vein was performed with a 16 G hypodermic needle attached to 

a 450 ml blood transfusion collection bag (Fenwal) containing citrate phosphate dextrose 
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adenine as the anticoagulant solution. The blood was then transported at ambient temperature 

immediately to the laboratory. 

 

2.3.3. Isolation and culture of equine CB-MSCs  

The isolation of equine MSCs from cord blood was performed as previously 

described.220,221 Briefly, the nucleated cell fraction was isolated from seven different cord blood 

samples using RBC-lysis buffer consisting of 0.15 M Ammonium chloride, 10mM Potassium 

bicarbonate and 0.1 mM EDTA. The cells were expanded in MSCs expansion medium 

consisting of low-glucose Dulbecco’s modified Eagle medium (DMEM-LG; Lonza: 

Walkersville, MD, USA), 10% Fetal Bovine Serum (FBS; Invitrogen: Burlington, ON, 

Canada), 2 mM L-glutamine (Sigma-Aldrich: Oakville, ON, Canada), and 100 U penicillin-

streptomycin (Invitrogen: Burlington, ON, Canada). The medium was changed every 2 to 3 

days. Upon reaching 70-80% confluency, the CB-MSCs were harvested by enzymatic 

digestion with 0.25% trypsin-EDTA, counted using an automated cell counter (Nucleocounter-

NC100, Mandel, Guelph, ON, Canada), and re-plated at a density of 5,000 cells/cm2 to reach 

the desired cell number.  

 

2.3.4. Cryopreservation and thawing of MSCs  

All equine CB-MSCs cultures were expanded until cryopreserved at passage 5 for 

clinical use. CB-MSCs were detached by 0.25% trypsin-EDTA and washed in expansion media 

at 2 times the volume of trypsin/EDTA, spun down at 400 × g for 5 minutes. The supernatant 

was discarded, and PBS wash was performed for 3 subsequent attempts. After PBS wash, 

supernatant was discarded, and cells were resuspended in cold freezing solution (CryoStor 

CS10; Biolife Solutions). Aliquots of 2 ml cell suspension were gradually frozen at a rate of 

−1°C/min to −80°C before transfer to liquid nitrogen storage. These CB-MSCs were 
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transported to the Ontario Veterinary College (OVC) in liquid nitrogen and thawed under 

lukewarm tap water approximately 15 minutes prior to injection. 

Previously, CB-MSCs isolated under identical conditions displayed a consistent 

phenotype before and after cryopreservation. This included high expression of CD29, CD44, 

CD90, and absent or low expression of major histocompatibility complex (MHC) class I, 

MHC-II, CD4, CD8, CD11a/18, and CD73.220 

 

2.3.5. Horses:  

Client-owned Thoroughbred racehorses that sustained an SDFT core lesion of a 

minimum 25% cross-sectional area (CSA) were enrolled. For enrollment in the study, the 

following inclusion criteria needed to be met. Horses of either sex between 2 and 6 years-old 

who were in speed training and/or racing sustained a core lesion that occurred within 6 weeks 

prior the 1st treatment, were included in the study. Horses were randomly allocated to a 

treatment group (CB MSCa, 30 million, allogeneic, cryopreserved) or a positive control group 

(PRPb). 

In group 1 (treatment group), ultrasound guided intralesional injection of 30 million allogeneic 

equine CB-MSCs (EQcell, Guelph, ON) was performed at 0 weeks (treatment 1) and again 4 

weeks later (treatment 2). In group 2 (control group), ultrasound guided intralesional injection 

of a commercial PRP (Arthrex ACP, London, ON) preparation was performed at 0 weeks 

(control 1) and again 4 weeks later (treatment 2). 

 

Study protocol 

Ultrasound images of horses that fit the inclusion criteria were sent to OVC-HSC for review, 

and if suitable, horses were included in the study and randomly allocated to a group.  The 

author evaluating the horses (AM) was blinded to group allocation.  
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Regardless of group allocation during hospitalization at the OVC-HSC at weeks 0 and 4, all 

horses had a physical examination, including lameness evaluation and inertial sensor 

movement analysis. A thorough ultrasound examination was performed. Intravenous blood 

was collected for further analysis at various time points. Under sedation and local anesthesia 

ultrasound guided intralesional injection of CB-MSCs or PRP was performed. Horses were 

admitted to the hospital for 3 days for monitoring. During hospitalization, phenylbutazone was 

given (2.2 mg/kg, PO, q 12h, VetOne®, Canada), and physical examination including 

palpation/assessment of the treated limb and lameness exam were repeated every 12 hours. 

Horses were discharged with rehabilitation instructions. After the 2nd treatment, ultrasound 

and lameness examination were repeated every month until the conclusion of the study.  

 

2.3.6. Intralesional treatment  

Horses were sedated with detomidine (0.01–0.03 mg/kg intravenously, Dormosedan®, 

Zoetis, Canada). The region of the SDFT was clipped with a No 40 clipper blade. Perineural 

anesthesia, consistent of a line block 20 to 40 mm proximal to the selected site of intralesional 

injection, was performed with 3 ml of 2% lidocaine solution (Teligent, Canada). The injection 

site was aseptically prepared with 4% chlorhexidine soap and a final preparation with 70% 

alcohol and 0.5% chlorhexidine solution. With the horse weight bearing on the affected limb, 

the superficial digital flexor tendon lesion was injected guided by a B-mode ultrasound and a 

12MHz linear probe, with a 20-gauge, 1.5-inch needle to deliver either 30 million allogeneic 

CB-MSCs or PRP with a luer-lock syringe at weeks 0 and 4.  

 

2.3.7. Physical examination protocol 

Horses were admitted and hospitalized for 3 days at the OVC-HSC Large Animal 

Clinic. During treatment at weeks 0 and 4, each horse underwent a complete and detailed 
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physical examination on admission and twice a day for the following 3 days of hospitalization. 

Heart rate, respiratory rate, and rectal temperature were recorded. Quantitative measurement 

of the external circumference of the affected limb was recorded over time every 20 mm with a 

measuring tape from 2 to 28 cm from the accessory carpal bone (ACB). Semi-quantitatively, 

signs of inflammation, swelling, and temperature were recorded by palpation.222 Signs of 

inflammation included palpation of the palmar metacarpal region to determine the skin surface 

temperature and sensitivity of the SDFT on manipulation: (1) 0 = no abnormality; (2) 1 = mild 

abnormality; (3) 2 = moderate abnormality; (4) 3 = severe abnormality. Swelling of the SDFT 

was determined by palpation as increase in diameter relative to normal tendon: (1) 0 = no 

increase; (2) 1 = increase by factor 1.5; (3) 2 = increase by factor 1.5 to 2; (4) 3 = increase by 

more than factor 2. 

 

2.3.8. Treatments 

 Every patient received 2 grams of phenylbutazone (4.4 mg/kg IV VetOne®, Canada) 

intravenously prior to each intralesional treatment at the time of sedation and after time 0 blood 

sample collection. In twelve hours, patients continued a tapering course of phenylbutazone, 1 

gram twice a day for 3 days followed by 1 gram once a day for another 6 days. Once the 

intralesional injection was finished, the treated area was covered with a stack of sterile square 

gauze supported with an adhesive bandage (Ultralightâ, Covidien, Canada) followed by a 

clean quilt and stable wrap. Ice therapy, consisting of ice compresses placed over the treated 

tendon, was applied for 30 minutes twice day for 6 days starting at 24 hours after injection. 

Bandaging with a clean quilt and stable wrap was continued for 30 days, resetting every 12 

hours. 
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2.3.9. Lameness evaluation 

A subjective lameness assessment following the American Association of Equine 

Practitioners Grading of lameness223 was performed on treatment weeks 0 and 4 as well as on 

every recheck every four weeks: (1) Grade 1: difficult to observe; not consistently apparent 

regardless of circumstances; (2) Grade 2: difficult to observe at a walk or in trotting a straight 

line; consistently apparent under certain circumstances such as weight carrying, circling, 

inclines, hard surfaces; (3) Grade 3: consistently observable at a trot under all circumstances; 

(4) Grade 4: obvious lameness; marked nodding, hitching, or shortened stride; and (5) Grade 

5: minimal weight bearing in motion or at rest; inability to move. 

To complement the subjective lameness exam and allow minor gait changes to be 

detected, objective lameness examinations using the inertial sensor system (Lameness 

LocatorÒ, Equinosis, Missouri) were performed. The system is based on the physics of motion 

of the horse, describing when it is moving weight from a painful limb to a non-painful limb, 

obtaining objective data.224 Lameness was assessed with the following variables: (1) Amplitude 

(a1/a2) of the vertical head movement due to lameness divided by the amplitude of the 

expected, normal vertical movement of the head; (2) Minimal difference (mindiff): the 

difference between the minimum heights of the head during the stance of the right and left 

forelimbs; (3) Maximum difference (maxdiff): the difference between the maximum heights of 

the head after the stance of the right and left forelimbs. The three conditions necessary for 

identification of lameness by the wireless inertial sensor system were: 1) the amplitude a1/a2 

ratio had to be above threshold (0.5 for head movement for forelimb lameness; 0.17 for pelvic 

movement for hindlimb lameness); 2) the mean mindiff head and/or maxdiff head (for forelimb 

lameness) and mindiff pelvis and/or maxdiff pelvis (for hindlimb lameness) were above 

threshold (+-6 mm for forelimb lameness; +-3mmfor hindlimb lameness) and of the correct 

sign (positive or negative) depending on the limb (right or left) selected for lameness induction; 
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and 3) the standard deviation of the elevated mindiff or maxdiff or both for the head or pelvis 

had to be less than the absolute value of their respective means.224–227  

During the hospitalization period for the first and second intralesional treatment, the 

trials were standardized to trot the horses on straight line on a hard rubber indoor aisle. The 

surface during the rechecks at the farms could not be standardized. During the winter, it was 

performed on a soft synthetic indoor arena or snow, and the rest of the year on asphalt. 

 

2.3.10. Evaluation of Blood Samples 

Blood was collected from the right jugular vein at 0, 24, 72 and 168 hours and submitted 

to Dr. Koch’s Veterinary Regenerative Medicine Laboratory at the University of Guelph. The 

cluster of differentiation 4 (CD4+) and 8 (CD8+) lymphocyte populations were analysed by 

flow cytometry. The peripheral blood mononuclear cells (PBMCs) were isolated by carefully 

loading 30 ml of whole blood on top of 10 ml of Ficoll density media (GE Healthcare Bio-

Sciences) in 50 ml polypropylene tubes, centrifuging for 30 minutes at room temperature at 

500 g with no brakes, and collecting the interphase after aspirating and discarding the 

supernatant. The interphase was washed with 10 ml PBS and centrifuged at 500 g for 5 minutes 

at room temperature. The supernatant was aspirated, and the cells were washed with 10 ml of 

PBS a second time. The washed cells were resuspended in RPMI media, supplemented with 

10% horse serum, 2 mM l-glutamine (Sigma Aldrich, USA), and 100 IU penicillin-

streptomycin (Invitrogen). After performing the cell count, 1.0E6 cells/1 mL were 

cryopreserved (CryoStor; Sigma-Aldrich) in LN2 until further use.  

PBMCs were thawed and washed with PBS followed by centrifugation at 1000 g for 5 

minutes. The cells were resuspended and washed in flow buffer (PBS, 10% horse serum, 0.1% 

Na azide, 5 mM NA4EDTA). Two microlitre CD4 and CD8 antibodies (MCA1078F & 

MCA1080F, Bio-Rad, USA) were added separately to 0.5E6 cells and incubated for 15 minutes 
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on ice. The cells were washed with flow buffer and spun at 1000 g for 5 minutes. Finally, the 

cell pellet was resuspended in flow buffer, and 5 μl of 7-AAD (Sigma-Aldrich, USA) was 

added to stain the dead cells, and after 5 minutes incubation on ice, flow cytometry (BD Accuri 

C6, BD Biosciences, Mississauga, ON, USA) was performed. Flow cytometry gates were set 

to first select a distinct cell population with size and granularity consistent with equine 

lymphocytes. From this population 50,000 cells were evaluated for CD4 and CD8 surface 

markers. Gates to differentiate cell populations were maintained consistently throughout the 

experiment. 

 

2.3.11. Ultrasound evaluation 

Ultrasound examinations were performed prior to treatments and on rechecks every 

four weeks for a year. The affected limb was clipped and washed with warm water and soap at 

the palmar aspect of the flexor tendons before each exam. A 12 MHz multi-frequency 

ultrasound probe (Logiq E BT09 Portable Imaging System®, GE HealthCare) was used with 

coupling gel to acquire transverse and longitudinal images every 20 mm over the length of the 

SDFT, starting 20 mm from the accessory carpal bone. The studies were reviewed using an 

imaging platform (Enterprise Imaging Platform®, AFGA HealthCare). A qualitative 

measurement using an established grading scheme described the echogenicity of the lesion67: 

(1) Normal echogenicity – 0; (2) 25% reduction in echogenicity (mild) – 1; (3) 26-50% 

reduction in echogenicity (moderate) – 2; (4) 51-75% reduction in echogenicity (severe) – 3; 

(5) >75% reduction in echogenicity (very severe) – 4. Then a quantitative measurement was 

used to measure the signal in the lesion compared to the normal SDFT documenting the mean 

and standard deviation of the pixel intensity. 67,222,228,229 The circumference of the lesion and 

normal SDFT, as well as the subcutaneous tissue at each site, were recorded. Based on 

ultrasound evaluations, a detailed exercise and rehabilitation program was prescribed.23 Final 
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outcome was determined by ultrasonographic progress of the affected SDFT and the ability of 

the horses to return to racing. 

 

2.3.12. Exercise program 

All the horses participating in the study had a gradually increasing exercise program.230 

The program started the first day after the reported onset of SDFT tendinopathy. The guidelines 

were based on Jamali J et al. 2015 guidelines and adapted to each case.230 

 

2.3.13. Racing performance 

The horses that returned to racing or speed work were evaluated. Their race 

performance and lifetime records were obtained from the Equibase services. Information of 

workouts and races was collected for both before (for experienced horses) and after (for 

experienced and non-experienced horses) the SDFT lesion occurred. The starts, earnings, 

earnings per start, race rating, finishing position, competitive level, and speed rating were 

recorded as previously described.231,232 

 

2.3.14. Statistical analysis 

Ultrasound parameters and external circumference were analysed with a general linear 

mixed model that included the random effect of horse within treatment and the explanatory 

fixed effect of treatment. Time and the covariate baseline were treated as continuous variables. 

Interactions and quadratics for time and baseline were included in the models.  

Models were reduced by removing non-significant effects for the final model p>.05. Predicted 

equations and tests of the slopes between PRP and CB-MSCs cells were obtained. Data was 

checked for normality with a Shapiro wilk test and examination of the residuals.  
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A general linear mixed model for repeated measures was modelled to determine 

differences in CD4+ and CD8+ between groups, injections, and over time. Fixed effects of 

group, injection, and time as well as the random and repeated effect of horse within an injection 

week were modelled. Akaike information criteria smallest is best was used to determine the 

best correlation structure to account for measures from an individual animal being correlated 

over time. Interactions were removed if not significant. Data was checked for normality with a 

Shapiro wilk test.  CD8+ data was not normally distributed so a log transform was applied. 

Post hoc tests were adjusted with a Dunnett test to compare to baseline and Tukey adjustment 

for all pairwise comparisons between groups at each time. 

A non-parametric Wilcoxon test was used to compare inflammation, swelling and 

temperature scores at each procedure between the groups. 

A general linear mixed model for repeated measures was modelled to determine 

differences in lameness measurements. Fixed effects included treatment and time as well as 

interactions. Data was checked for normality, and correlation structures were chosen based on 

Akaike information criteria.  
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2.4. Results 

2.4.1. Physical examinations 

 Allogeneic equine CB-MSCs group (CB-MSCs): Five patients were included in the 

CB-MSCs group, 2 females and 3 geldings. The median age was 4 years old, range 2 to 6 years, 

with a mean weight of 505 kg and SD 38.172. The left SDFT was affected in all 5 patients. 

The mean length of the core lesion in the SDFT was 14.4 cm, SD 5.9 cm (Table 2.2). The vital 

parameters remained within normal reference range prior to and post treatments. The mean and 

SD injection site from the accessory carpal bone (ACB) was 14 cm, SD 4.027 cm. The CB-

MSCs group was followed up a mean of 12.2 months, SD 1.643 months. The inflammation, 

swelling and temperature scores are recorded in Table 2.1. 

Platelet rich plasma group (PRP): Three patients were included in the PRP group, 3 

geldings. The median age was 3 years old, range 2 to 4 years old, and the mean weight was 

494 kg, SD 38.172 kg. The left SDFT was affected in 2 patients and the right in 1 patient. The 

mean length of the SDFT lesion was 19.33 cm, SD 6.43 cm (Table 2.3). The vital parameters 

remained within normal reference range prior and post treatments. The mean injection site from 

the ACB was 13.833 cm, SD 4.833 cm. The PRP group was followed up a mean of 8.33 

months, SD 4.041 months. The inflammation, swelling and temperature scores are recorded in 

table 3 of the supplementary material. Patient number 2 in the PRP group displayed colic 

discomfort, associated with a nephrosplenic entrapment, that started after the first intralesional 

injection; the entrapment resolved with medical support. 

The median inflammation, swelling and temperature score of the affected flexor tendon 

region in the CB-MSCs group was 1 (range 0 to 3). All the patients after the first intralesional 

treatment with allogeneic equine CB-MSCs displayed a significant increase of the 

inflammation, swelling and temperature score after the treatment, and remained increased for 

a median time of 48 hours (range 24 to 72 hours) compared to the PRP group (inflammation 



 

 54 

score p=.04; swelling score p=.04; temperature score p=.02). All the scores were higher after 

the second injection of the allogeneic CB-MSCs (inflammation score p=.01; swelling score 

p=.01; temperature score p=.01) (Table 2.1). None of the horses that received intralesional 

treatment of PRP displayed abnormal inflammation, swelling, and temperature score (Table 

2.4). There was no difference for any scores between groups at baseline of the first and second 

treatment as well as at rechecks at the farm. 

 

Table 2. 1: Inflammation score (IS), swelling score (SS), temperature scores (TS) CB-MSC 

group 

CB-MSC group 
        

Time Variable Median Minimum Maximum N p value 
Prior 1st treatment IS 0 0 3 6 0.8774  

SS 0 0 3 6 0.8774  
TS 0 0 1 6 0.285 

After 1st treatment IS 2 1 3 5 0.0443  
SS 2 1 3 5 0.0443  
TS 2 1 2,5 5 0.0211 

Prior 2nd treatment IS 1 0 3 5 0.4142  
SS 1 0 3 5 0.4142  
TS 0 0 1 5 0.4386 

After 2nd treatment IS 2 2 3 5 0.0165  
SS 2 2 3 5 0.0165  
TS 2 1 2 5 0.0143 

Rechecks at the farm IS 0 0 1 5 0.2367  
SS 0 0 1 5 0.2367  
TS 0 0 0 5 1 

 

The swelling in the lesion area decreased significantly faster over time for the CB-

MSCs group compared to the PRP group, p=.001 (Figure 2.1). 
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Figure 2. 1: Measurements of the external circumference of the limb obtained with a measuring 

tape overtime. There is a faster decreased in the external circumference over time for the CB-

MSCs group compared to the PRP group, p=.001 

 

2.4.2. Lameness evaluation 

When the horses were observed in hand, 3 out of the 8 horses displayed lameness on 

the affected limb, and 2/8 horses were lame on the contralateral limb, and 3 were not lame in 

the front. The inertial sensor system was able to identify this lameness as well. Inertial sensor 

data and statistical analysis can be found in the supplementary material (Tables 2.5 and 2.6).  

There was no significant difference between the CB-MSCs and PRP groups at any time for 

lameness scores or inertial sensor measurements.   

2.4.3. Ultrasound evaluation 

 The mean duration of follow-up for the eight patients was 10.75 days, SD 3.195. One 

horse was lost to the monthly ultrasound evaluation due to a change in ownership.  
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 We found a significant difference between the MSCs and PRP groups in the 

circumference measurements of the region of the SDFT lesion (Figure 2.2). These results 

showed a faster decrease in the circumference measurements of the lesion region in the CB-

MSCs group after the two treatments to the last ultrasound recheck (p=.0084). 

 

Figure 2. 2: Predictive ultrasonographic circumference measurements of the region of the 

lesion over time (months). The circumference measurements of the region of the lesion in the 

CB-MSCs group had a negative slope p=-.67 compared to PRP p=.243. These results showed 

a faster decrease in the circumference measurements of the lesion region in the CB-MSCs 

group after the two treatments, to the last ultrasound recheck, p=.0084. 

Cord blood mesenchymal stem cells (CB-MSCs); Platelet rich plasma (PRP). 

 

 Initially, the mean CSA of the lesion initially was 0.453 cm2, SD 0.12 for the PRP group 

and 0.391 cm2, SD 0.09 for the CB-MSCs group. There was no significant difference between 
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progressive decrease after the two treatments toward the last ultrasound exam (Figure 2.3). 

Similarly, the echogenicity score decreased over time in both groups as the ultrasound exams 

were completed (Table 2.7). Also, the quantitative measurement of the pixel signal in the 

region of the SDFT lesion compared to the normal SDFT decreased over time in both groups 

significantly (p=.0003) as the tendon lesion healed. However, there was no difference between 

CB-MSCs and PRP group (Figure 2.5) 

 

 

Figure 2. 3: Predictive cross-sectional area measurements of the region of the lesion over time 

(months). There was no effect of group on the cross-sectional area of the lesion p=.4973, 

neither group versus time interaction nor group versus baseline effect p>.05. However, we 

observed that both groups had an initial increase in the cross-sectional area that was followed 

by a progressive decrease after the two treatments towards the last ultrasound exam. 

Cord blood mesenchymal stem cells (CB-MSC); Platelet rich plasma (PRP). 
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 Interestingly, four out of the five patients receiving the equine allogeneic CB-MSCs 

treatment displayed an expansion of the needle tract at the injection site (Figure 2.4) but not in 

the PRP group. The needle tract was present in 2 CB-MSCs horses throughout the study.  

 

 

Figure 2. 4. Cross sectional ultrasound image of the SDF/DDFT in a Thoroughbred with an 

SDFT core lesion. Note the obvious appearance of the large needle tract still visible 4 weeks 

after 2nd intralesional injection with CB MSC and visible throughout the study. 

2.4.4. Lymphocyte populations CD4+ and CD8+ response to repeated intralesional 

injections. 

Systemic immune reaction to the repeated injection of equine allogeneic CB-MSCs was 

not observed. Flow cytometry of whole blood samples to assess CD4+ lymphocyte populations 

showed that there was a significant decrease in the percentage of lymphocyte expression from 

24 to 72 hours (p=.00035) (Figure 2.6). There were no other significant differences between 
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groups, treatments, and injection times. The assessment of flow cytometry for CD8+ 

lymphocyte populations did not show any significant differences (Figure 2.7) (Table 2.8). 

 

2.4.5. Workouts and race history  

 The race starts and speed workouts were obtained from Equibase database. The 

duration of follow-up on their athletic career was one year. A racing performance could not be 

calculated due to the low sample size and, descriptive analysis was performed. 

CB-MSCs group: Four out of five patients returned to race training and raced post-treatment. 

One horse was immediately retired as a racing prospect and dedicated as a hunter jumper for 

reasons unrelated to the injury. One horse whose trainer did not follow the rehabilitation 

program re-injured the SDFT after racing. The other 3 horses had 2 or more race starts after 

rehabilitation.  

PRP group: only one out of three patients returned to race training. One horse was immediately 

retired from a racing prospect and dedicated as a hunter jumper for reasons unrelated to the 

injury. The third horse in this group did not follow the rehabilitation program and re-injured 

the affected SDFT at month nine of the recovery. 

The data available for the patients does not allow any meaningful conclusion about differences 

in race variables recorded.   

 

2.5. Discussion 

Even though we showed that repeat intralesional injection of CB-MSCs is well tolerated 

by horses, we observed a statistically significant transient, self-limiting inflammatory response 

at the region of CB-MSCs injection. The swelling and heat remained elevated for 48 hours, 2/5 

horses showed a mild lameness on the treated limb, but these signs resolved without further 

intervention. All the horses were treated with phenylbutazone and local ice therapy at that time.  
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Van Loon et al. 2014 did not report any of these signs during the clinical follow-up of 52 

warmblood horses treated with allogeneic equine CB-MSCs for various tendon and ligament 

disorders.233 Interestingly, Depuydt et al. 2021 described a transient moderate local swelling 

on limbs treated with allogeneic equine tenogenic primed MSCs that resolved by day eleven.222 

Other authors have also observed swelling following intralesional delivery of BM-MSCs and 

AT-MSCs.234–237  These reported differences may be related to dose, cell culture conditions, 

and final formulation of the cells and excipient media.  

Despite the local inflammation, we did not record an allogeneic stimulation of CD4+ 

and CD8+ lymphocyte populations in our blood samples. This fact supports that allogeneic 

equine CB-MSCs suppress lymphoproliferation through MSC-1 subpopulations and associated 

expression of TLR4 and that this immunomodulatory capability corresponds to an anti-

inflammatory or immunosuppressive phenotype.155,196,203 Therefore, we confirmed the safety 

of the repeated use of intralesional allogeneic equine CB-MSCs. This finding is in accordance 

with more recent studies where repeated intra-articular administration of allogeneic equine 

peripheral blood derived MSCs did not induce a cellular and humoral immune response.238  

Clinical use of cryopreserved CB-MSCs immediately upon thawing allows the clinician 

to use the product at the best time needed to treat an injury, like in tendons, within the first 6 

weeks of injury.186 Williams et al. 2014 showed that cryopreserved CB-MSCs therapy was 

possible, and allowed the development of off-the-shelf cryopreserved CB-MSCs therapy using 

an allogeneic strategy.152,203 The study showed that CB-MSCs were able to suppress 

lymphocyte proliferation, which explains the immune-privileged nature or evasive immune 

properties of MSCs. These findings enhance the advantage of cryopreserved MSCs.152 

Williams et al. 2016 reported the safety of two carrier solutions for optimal viability and 

excipient use.203 None of the suspensions were associated with short-term adverse reactions.203 

During the study period, we confirmed the easy clinical use of cryopreserved CB-MSCs after 
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thawing.  It is possible though that the Cryostor – which is the cryomedia the CB-MSCs were 

suspended in – contributed to the needle tract that was visible in 4/5 horses and present 

throughout the study in 2 horses. The components of of CryoStor beyond 10% DMSO are 

unknown but often cryomedia contains additional cryoprotective agents with high water 

binding properties to ensure desiccation of cells prior to freezing. It is possible that CryoStor 

at the time of injection as an excipient media had residual waterbinding capacity that in effect 

drew fluid from surrounding tissues into the injection site causing water retention and swelling 

at the injection site. It may have also been responsible for the transient inflammatory response 

observed after treatment, as it contains DMSO. The effect of DMSO injection into tendon tissue 

has not been reported. When injected into joints, it did not cause a reaction (Williams); 

however, the transient inflammation and the needle tract were complications we did not 

observe in the PRP group. 

William et al. 2016 described that using of needles of size 20 G and under for aspiration 

of the cell suspensions induced immediate decreased viability.239 The study concluded that 18 

G or upper size needle should be used for this purpose. Our CB-MSCs were aspirated with an 

18 G needle. Contrary to aspiration, the needle diameter did not affect the viability of equine 

MSCs during injection. William et al. 2016 suggested selecting the needle for injection based 

on clinical preference and experience.239 In our study, every patient had biologics administered 

through a 20 G 1.5in needle. Perhaps a smaller needle size, like a 22 G needle would have 

resulted in less expansion of the needle tract at the injection site. Scharf et al. 2016 described 

the MRI-based assessment of intralesional delivery of bone marrow-derived MSCs. This study 

demonstrated little to no cell retention within the lesion and substantial leakage of labeled cells 

outside of the SDFT lesion.214 Based on Scharf et al 2016, leakage of the biologics delivered 

in our study could explain the inflammatory response observed and secondary needle tract 

expansion.  
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The CB-MSC preparations contained 30 million total cells to assure an intralesional 

treatment of 20 million live cells when accounting for cell loss and cell death post-thaw.  

The primary purpose of using the repeated monthly ultrasound evaluations was to 

characterize the lesion and determine the progression of healing over time and to develop the 

following month rehabilitation protocol.64 We used the echogenicity scoring system to improve 

objectivity to assess the severity of injury and response to therapy. We also used a quantitative 

measurement to determine the signal in the lesion compared to the normal SDFT documenting 

the mean and standard deviation of the pixel intensity.67,228,229 We identified a faster decrease 

in the circumference measurements of the actual tendon and the lesion in the CB-MSCs group 

over time. The cross-sectional area, echogenicity score, and the quantitative measurement of 

the pixel signal were not significantly different between groups; they only changed over time, 

indicating that healing took place in both groups. A higher number of horses might have shown 

a difference between groups. We could have added a computerized analysis of ultrasound 

images (UTC),76,222 but it was not implemented because of time limitations during rechecks at 

the farm. 

Subjective and objective lameness assessments were well standardized while horses 

were hospitalized but became less standardized at the farms or racetrack, particularly during 

the winter.  

Furthermore, only 3 out of the 8 horses displayed lameness on the limb with the affected SDFT. 

Two horses displayed lameness on the contralateral limb for unknown causes. Not surprisingly, 

lameness results did not have any statistical or other significance. 

 We followed up on the athletic career of the horses for a year. Four out of five patients 

in the CB-MSCs returned to racing. Three of those patients raced successfully without reinjury, 

which suggests better quality of SDFT healing.82 We attempted to evaluate the racing 

performance of the horses as previously described.231,232 Unfortunately, it was not possible 
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because of the small sample size. The failure to follow the rehabilitation protocols led to 

reinjury of the affected SDFT in two patients, patient 1 of the CB-MSCs group after a race and 

patient 1 of the PRP group after several workouts (treated with PRP). This highlights the 

importance of horses with SDFT injury to not continue training and racing without an 

intervening period of rest and a controlled rehabilitation protocol, no matter the biologics 

used.64,82 

 The use of PRP has been evaluated individually with placebo controls showing its 

regenerative and anti-inflammatory effects on tendinopathies.76,219,222 Romero et al. 2017, 

found that BM-MSCs were more beneficial when compared to PRP.201 We chose the use of 

PRP as a control and to deliver a treatment for these client owned horses. Unfortunately, the 

number of patients included in this group was low to provide power. However, with an 

individual assessment between patients, we can state that the CB-MSCs was more beneficial. 

2.6. Conclusion 

Based on our results, the repeated intralesional treatment with allogeneic equine CB-

MSCs is safe, despite the needle tract observed. We believe that an alternative delivery method 

of allogeneic equine CB-MSCs that avoid the risks of needle-tracts are desirable. Different 

studies have shown safety and efficacy by delivery of MSCs by intra-arterial injections, 

revealing a larger constellation of MSC within the tendon lesion.207,209 A clinical prospective 

study is therefore suggested to to evaluate the use of repeated intra-arterial injections of 

allogeneic equine CB MSCs for SDFT lesions. 
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GENERAL CONCLUSIONS AND PERSPECTIVE 

Evidence-based therapeutic guidelines for MSC treatment for SDFT injuries have not 

yet been determined. This preliminary evaluation of repeated use of allogeneic equine CB-

MSCs for treatment of SDFT tendonitis has provided valuable evidence to support the safety 

of its use for treatment in horses. 

This work provides valuable data about the clinical administration of allogeneic equine 

CB-MSCs in equine SDFT lesions. We observed a transient, self-limiting inflammatory 

response at the site of injection of the CB-MSCs and the needle tract after its delivery. Despite 

this local inflammatory process, we did not record allogeneic stimulation of CD4+ and CD8+ 

lymphocyte populations confirming its safety. It is possible that components of the solution in 

which the CB-MSCs were suspended (Cryostor) could have contributed to the inflammation 

observed and the expanded needle tract. The evaluation of the MSC content in the vials after 

the biologics were drawn for injection showed that for intralesional treatment with 20 million 

live cells, one needed to use preparations containing 30 million total cells at the time of 

cryopreservation. 

Ultimately, we report that 80% of horses treated with CB-MSCs were able to return to 

athletic performance. Results need to be interpreted with caution, as it was necessary for the 

horses to follow a carefully planned controlled exercise program depending on the results of 

repeat ultrasonographic assessments to allow a successful return to performance. Horses that 

did not follow the exercise program, due to noncompliant trainers, reinjured. 

We believe that future therapeutic guidelines for MSCs treatment of SDFT lesions 

should be directed towards repeated intra-arterial delivery to allow further MSCs reach to the 

region of interest creating a niche to direct healing processes. For this reason, we have initiated 

a new project in the same population of patients with this design. The therapy includes two 

intra-arterial treatments, separated by four weeks, delivering 30 million total allogeneic equine 
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CB-MSCs. The horses are admitted in an outpatient basis and released after the procedure is 

completed. The follow up comprises a year of recovery since the injury occurred along with 

the evaluation of the athletic performance for another year. 
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CHAPTER III: Data Appendix 

3.1. Figures 

 

 

Figure 2. 5: Results of the quantitative measurement of the pixel signal in the region of the 

SDFT lesion compared to the normal SDFT. There was a decreased in the pixel intensity 

overtime, p=.0003. The pixel intensity normalized after the treatments in both groups through 

the ultrasound rechecks until the last exam. Superficial digital flexor tendon (SDFT); Cord 

blood mesenchymal stem cells (CB-MSCs); Platelet rich plasma (PRP); upper limit (ucl); lower 

limit (lcl) 
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Figure 2. 6: Percentage of lymphocyte CD4+ expression at time points 0, 24, 72, and 168 hours 

from treatment. There was a significant decrease in the percentage of lymphocyte CD4+ 

expression from 24 to 72 hours, p=.00035. 
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Figure 2. 7: Percentage of lymphocyte CD8+ expression at time points 0, 24, 72, and 168 hours 

from treatment. 

  

0

5

10

15

20

25

30

CD
8+

CB-MSC Treatment 1

CB-MSC Treatment 2

PRP Treatment 1

PRP Treatment 2

0 24 72 168



 

 101 

3.2. Tables 

Table 2. 2: Length of the lesion for the CB-MSCs group 

Length of the lesion CB-MSCs group     

Patient N measurements Mean Std Dev 
1 10 20.363 1.963 
2 14 4.666 2.093 
3 12 19.230 2.385 
4 13 8.857 1.027 
5 10 18.545 2.381 

 

Table 2. 3: Length of the lesion for the PRP group 

Length of the lesion PRP group      
Patient N measurements Mean Std Dev 

1 9 16.666 6.429 
2 4 16 8.164 
3 12 10.307 1.109 

 

Table 2. 4: Inflammation score (IS), swelling score (SS), temperature scores (TS) PRP group 

PRP group         
Time Variable Median Minimum Maximum N p value 
Prior 1st treatment IS 0 0 1 3  
 SS 0 0 1 3  
 TS 0 0 0 3  
After 1st treatment IS 0 0 1 3  
 SS 0 0 1 3  
 TS 0 0 0 3  
Prior 2nd treatment IS 0 0 1 3  
 SS 0 0 1 3  
 TS 0 0 0 3  
After 2nd treatment IS 0 0 1 3  
 SS 0 0 1 3  
 TS 0 0 0 3  
Rechecks at the farm IS 0 0 0 3  
 SS 0 0 0 3  
 TS 0 0 0 3  
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Table 2. 5: Results objective lameness evaluation CB-MSCs group, p > .05 for main effects 

between group and date as well as the interaction. 

CB-MSC group Variables Mean Median Std Dev Min Max N 

Prior 1st treatment Diff Max Head Mean (mm) 2,778 4,0666 9,458 -10,4 13,675 5 

  Diff Max Head SD (mm) 11,955 11,75 3,405 7,6 15,625 5 

  Diff Min Head Mean (mm) 1,76 1,933 10,992 -13,8 13,8 5 

  Diff Min Head SD (mm) 13,303 12,9 3,355 9,733 18,575 5 

  Thresholds for total Diff Head(mm) 8,5 8,5 8,5 8,5 8,5 5 

  Total Diff Head (Vector Sum)(mm) 13,4 14,766 3,912 6,533 16,4 5 

  Q Score fore  13,4 14,766 3,912 6,533 16,4 5 

  Diff Max Pelvis Mean (mm) -0,215 1,4 3,768 -5,7 3,525 5 

  Diff Max Pelvis SD (mm) 3,62 3,766 0,822 2,433 4,625 5 

  Diff Min Pelvis mean (mm) 0,541 2,525 5,07 -6 6,1666 5 

  Diff Min Pelvis SD (mm) 3,473 3,325 0,55 2,933 4,4 5 

  Q Score hind PUSH 2,975 2,4 1,743 1,15 5,7 5 

  Q Score hind IMP 4,321 3,466 1,653 2,525 6,166 5 

Post 1st treatment Diff Max Head Mean (mm) 0,261 -0,192 7,433 -933 11,311 5 

  Diff Max Head SD (mm) 12,86 12,725 2,1306 9,907 15,7 5 

  Diff Min Head Mean (mm) -5,908 -2,407 17,096 -32,48 14,725 5 

  Diff Min Head SD (mm) 13,054 12,605 3,182 8,8 16,51 5 

  Thresholds for total Diff Head(mm) 8,5 8,5 8,5 8,5 8,5 5 

  Total Diff Head (Vector Sum)(mm) 15,888 14,316 11,392 4,915 34,94 5 

  Q Score fore  15,888 14,316 11,392 4,915 34,94 5 

  Diff Max Pelvis Mean (mm) 1,927 1,783 6,682 -8,05 8,8 5 

  Diff Max Pelvis SD (mm) 4,582 3,9307 1,265 3,323 6,35 5 

  Diff Min Pelvis mean (mm) 1,165 2,6 7,5003 -6,1 11,99 5 

  Diff Min Pelvis SD (mm) 4,0645 4,125 0,606 3,205 4,85 5 

  Q Score hind PUSH 5,46 7,205 3,567 1,092 8,8 5 

  Q Score hind IMP 6,253 6,225 3,749 2,6 11,99 5 

Prior 2nd treatment Diff Max Head Mean (mm) 10,167 6,571 9,641 2,2 26,3 5 

  Diff Max Head SD (mm) 12,819 13,933 3,986 7,533 18,02 5 

  Diff Min Head Mean (mm) 9,55 9,3 11,102 -0,914 26,9 5 

  Diff Min Head SD (mm) 16,576 14,266 5,958 9,466 24,766 5 

  Thresholds for total Diff Head(mm) 8,5 8,5 8,5 8,5 8,5 5 

  Total Diff Head (Vector Sum)(mm) 19,377 12,285 15,769 3,233 41,833 5 

  Q Score fore  19,377 12,285 15,769 3,233 41,833 5 

  Diff Max Pelvis Mean (mm) -0,812 0,1 3,761 -7,333 2,171 5 

  Diff Max Pelvis SD (mm) 4,196 4,166 0,464 3,6 4,833 5 

  Diff Min Pelvis mean (mm) 1,628 0,066 5,476 -3,566 10,7 5 

  Diff Min Pelvis SD (mm) 4,362 4,6 0,773 3,533 5,214 5 

  Q Score hind PUSH 2,692 1,3 2,645 1,166 7,333 5 

  Q Score hind IMP 3,765 2,628 4,037 0,733 10,7 5 
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Post 2nd treatment Diff Max Head Mean (mm) -1,569 1,506 11,323 -20,74 9,2 5 

  Diff Max Head SD (mm) 11,717 11,483 3,3007 6,744 15,05 5 

  Diff Min Head Mean (mm) 
-
10,762 -3,561 32,074 -62,42 24,35 5 

  Diff Min Head SD (mm) 13,344 13,876 3,557 7,966 17,521 5 

  Thresholds for total Diff Head(mm) 8,5 8,5 8,5 8,5 8,5 5 

  Total Diff Head (Vector Sum)(mm) 23,799 17,18 25,048 3,566 66,107 5 

  Q Score fore  23,797 17,173 25,049 3,566 66,107 5 

  Diff Max Pelvis Mean (mm) 1,913 0,788 7,937 -7,683 14,364 5 

  Diff Max Pelvis SD (mm) 4,292 4,423 0,332 3,828 4,66 5 

  Diff Min Pelvis mean (mm) 1,575 1,5 5,99 -5.866 9,6 5 

  Diff Min Pelvis SD (mm) 4,125 4,035 0,514 3,433 4,844 5 

  Q Score hind PUSH 5,695 2,746 5,4207 1,722 14,364 5 

  Q Score hind IMP 4,918 4,761 3,118 2,011 9,671 5 

Last recheck Diff Max Head Mean (mm) 3,666 1,85 6,449 -2,425 10,675 5 

  Diff Max Head SD (mm) 12,191 10,875 4,029 8,425 17,325 5 

  Diff Min Head Mean (mm) 9,321 6,875 12,541 -3,866 29,525 5 

  Diff Min Head SD (mm) 14,115 14,525 3,693 11 19,425 5 

  Thresholds for total Diff Head(mm) 8,5 8,5 8,5 8,5 8,5 5 

  Total Diff Head (Vector Sum)(mm) 15,12 11,8 9,478 4,8 30,125 5 

  Q Score fore  14,17 11,8 9,583 4,8 30,375 5 

  Diff Max Pelvis Mean (mm) -2,631 -2,475 6,218 -10,1 6,566 5 

  Diff Max Pelvis SD (mm) 8,14 6,9 7,538 3,1 21,375 5 

  Diff Min Pelvis mean (mm) -1,495 -3,75 5,1402 -5,85 6,9 5 

  Diff Min Pelvis SD (mm) 10,333 4,675 13,263 3,175 34 5 

  Q Score hind PUSH 5,388 6,566 3,621 1,075 10,1 5 

  Q Score hind IMP 7,205 4,575 7,222 1,2 19,6 5 
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Table 2. 6: Results inertial sensor system PRP group, p > .05 for main effects between group 

and date as well as the interaction 

PRP group Variables Mean Median Std Dev Minimum Maximum N 

Prior 1st treatment Diff Max Head Mean (mm) -3,452 -2,825 13,277 -17,033 9,5 3 

  Diff Max Head SD (mm) 9,186 8,666 5,0409 4,425 14,466 3 

  Diff Min Head Mean (mm) 0,0027 -0,425 2,543 -2,3 2,733 3 

  Diff Min Head SD (mm) 8,055 5,633 5,669 4 14,533 3 

  Thresholds for total Diff Head (mm) 8,5 8,5 8,5 8,5 8,5 5 

  Total Diff Head (Vector Sum) (mm) 10,4 9,8 7,617 3,1 18,3 3 

  Q Score fore  10,4 9,8 7,617 3,1 18,3 3 

  Diff Max Pelvis Mean (mm) -1,755 -2,1 1,0595 -2,6 -0,566 3 

  Diff Max Pelvis SD (mm) 3,369 3,833 0,9514 2,275 4 3 

  Diff Min Pelvis mean (mm) 3,233 0,666 6,0095 -1,066 10,1 3 

  Diff Min Pelvis SD (mm) 3,355 3,766 0,8302 2,4 3,9 3 

  Q Score hind PUSH 1,755 2,1 1,0595 0,566 2,6 3 

  Q Score hind IMP 4,055 1,066 5,234 1 10,1 3 

Post 1st treatment Diff Max Head Mean (mm) -3,201 -3,197 3,743 -6,95 0,536 3 

  Diff Max Head SD (mm) 10,173 9,375 3,113 7,536 13,608 3 

  Diff Min Head Mean (mm) 5,724 3,525 10,901 -3,909 17,558 3 

  Diff Min Head SD (mm) 11,522 9,858 4,343 7,209 17,5 3 

  Thresholds for total Diff Head (mm) 8,5 8,5 8,5 8,5 8,5 5 

  Total Diff Head (Vector Sum) (mm) 11,18 8,983 7,805 4,709 19,85 3 

  Q Score fore  11,18 8,983 7,805 4,709 19,85 3 

  Diff Max Pelvis Mean (mm) -1,555 -1,881 1,756 -3,125 0,34 3 

  Diff Max Pelvis SD (mm) 3,759 3,727 0,177 3,6 3,95 3 

  Diff Min Pelvis mean (mm) 2,595 1,936 4,073 -1,108 6,958 3 

  Diff Min Pelvis SD (mm) 4,55 4,3 0,63 4,083 5,266 3 

  Q Score hind PUSH 2,0404 1,754 1,038 1,175 3,191 3 

  Q Score hind IMP 3,97 2,725 2,599 2,227 6,958 3 

Prior 2nd treatment Diff Max Head Mean (mm) -0,49 8,78 16,595 -19,65 9,4 3 

  Diff Max Head SD (mm) 15,948 13,525 8,425 9 25,32 3 

  Diff Min Head Mean (mm) 2,936 5,5 10,15 -8,25 11,56 3 

  Diff Min Head SD (mm) 11,866 6,675 9,649 5,925 23 3 

  Thresholds for total Diff Head (mm) 8,5 8,5 8,5 8,5 8,5 5 

  Total Diff Head (Vector Sum) (mm) 16,441 16,4 4,937 11,525 21,4 3 

  Q Score fore  16,441 16,4 4,937 11,525 21,4 3 

  Diff Max Pelvis Mean (mm) 1,005 -0,125 5,36 -3,7 6,84 3 

  Diff Max Pelvis SD (mm) 4,815 3,7 1,996 3,625 7,12 3 

  Diff Min Pelvis mean (mm) 2,616 1,4 2,759 0,675 5,775 3 

  Diff Min Pelvis SD (mm) 3,973 3,475 1,848 2,425 6,02 3 

  Q Score hind PUSH 2,902 3,7 2,842 1,166 6,84 3 
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  Q Score hind IMP 2,843 2,08 2,634 0,675 5,775 3 

Post 2nd treatment Diff Max Head Mean (mm) 0,573 6,09 9,982 -10,95 6,58 3 

  Diff Max Head SD (mm) 15,403 17,98 6,453 8,06 20,17 3 

  Diff Min Head Mean (mm) 5,36 4,39 13,69 -7,82 19,51 3 

  Diff Min Head SD (mm) 13,716 11,83 8,125 6,7 22,62 3 

  Thresholds for total Diff Head (mm) 8,5 8,5 8,5 8,5 8,5 5 

  Total Diff Head (Vector Sum) (mm) 15,883 13,91 5,066 12,1 21,64 3 

  Q Score fore  15,883 13,91 4,066 12,1 21,64 3 

  Diff Max Pelvis Mean (mm) -1,043 -1,36 4,573 -5,45 3,68 3 

  Diff Max Pelvis SD (mm) 4,113 1,97 0,292 3,92 4,45 3 

  Diff Min Pelvis mean (mm) 3,326 0,91 5,149 0 9,24 3 

  Diff Min Pelvis SD (mm) 4,253 4,24 0,51 3,75 4,77 3 

  Q Score hind PUSH 3,596 3,68 1,896 1,66 5,45 3 

  Q Score hind IMP 3,913 1,37 4,614 1,13 9,24 3 

Last recheck Diff Max Head Mean (mm) 0,0472 4,3 9,766 -11,125 6,966 3 

  Diff Max Head SD (mm) 9,705 10,4 7,73 4,666 14,05 3 

  Diff Min Head Mean (mm) -1,258 -3,775 7,013 -6,666 6,666 3 

  Diff Min Head SD (mm) 12,183 7,866 11,153 4 24,85 3 

  Thresholds for total Diff Head (mm) 8,5 8,5 8,5 8,5 8,5 5 

  Total Diff Head (Vector Sum) (mm) 14,116 11,766 6,676 8,933 21,65 3 

  Q Score fore  14,116 11,766 6,676 8,933 21,65 3 

  Diff Max Pelvis Mean (mm) -2,863 -2,825 1,417 -4,3 -1,466 3 

  Diff Max Pelvis SD (mm) 3,1805 3,275 0,375 2,766 3,5 3 

  Diff Min Pelvis mean (mm) 1,877 0,5 3,074 -0,266 5,4 3 

  Diff Min Pelvis SD (mm) 3,594 3,166 1,011 2,866 4,75 3 

  Q Score hind PUSH 3,0194 2,825 1,195 1,933 4,3 3 

  Q Score hind IMP 2,661 2,05 2,4902 0,533 5,4 3 
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Table 2. 7: Spearman test of correlation between the echogenicity score and time for each group 

(PRP, CB-MSCs). There is a significant negative correlation of echogenicity score with time. 

PRP r=-.81 p=<.0001. CB-MSC r=-.61 p=<.0001.  

The echogenicity score decreased over time in both groups as the ultrasound exams were 

completed. 

Group Variable N Median Minimum Maximum 

PRP Time 28 4.00000 0 12.00000 

PRP Echogenicity 19 2.00000 1.00000 3.00000 

CB-MSCs Time 62 6.00000 0 14.0000 

CB-MSCs Echogenicity 61 2.00000 1.00000 3.66667 
 

  



 

 107 

Table 2. 8: Percentage of lymphocyte CD4+ and CD8+ expression at time points 0, 24, 72, and 

168 hours from treatment. There was a significant decrease in the percentage of lymphocyte 

CD4+ expression from 24 to 72 hours, p=.00035. 

CD4+ expression from 24 to 72 hours, p=.00035. 

 

 

CB-MSC patient Treatment Time (h) CD4+ CD8+
1 1 0 22,4 13,3

1 24 32,4 13,2
1 72 11 8,9
1 168 17,9 14,9
2 0 17,4 12
2 24 39,9 14,5
2 72 15 8,9
2 168 20 15,1

2 1 0 36,5 19,8
1 24 37,4 31,1
1 72 11 16,5
1 168 17,9 17,9
2 0 19,8 6
2 24 10,9 5
2 72 18,6 7,1
2 168 N/A N/A

3 1 0 N/A N/A
1 24 N/A N/A
1 72 N/A N/A
1 168 N/A N/A
2 0 20,4 25,1
2 24 19 5,2
2 72 31,1 8,8
2 168 13,1 4,5

4 1 0 9,5 3,8
1 24 18,2 6,1
1 72 17,3 4,8
1 168 15,8 4,2
2 0 17 4,7
2 24 26,3 6,9
2 72 8,6 3,2
2 168 7,1 2,5

5 1 0 4,2 1,5
1 24 2,6 0,9
1 72 14 3,4
1 168 5,2 1,5
2 0 4,4 0,9
2 24 17,2 5,7
2 72 18,4 6,5
2 168 18,3 5,1


