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ABSTRACT

ARTICLE HISTORY

Background: Regenerative medicine has become one of the most promising therapies of
equine osteoarthritis. Platelet lysate (PL) is rich in bioactive proteins and growth factors that
play a crucial role in tissue healing.
Objective: To evaluate the efﬁcacy of intra-articularly injected autologous PL in equine athletes
with naturally occurring osteoarthritis.
Animals and methods: Fifteen warmblood geldings aged 8 19 years with osteoarthritis of the
distal interphalangeal joint were included in this study. They were randomly divided into two
groups; 10 horses received intra-articular injections of PL and 5 of normal saline (controls).
Before treatment, platelet-derived growth factor (PDGF) levels in basal plasma and prepared PL
were estimated. Each joint was injected twice within a three-week period. Lameness was
evaluated using the American Association of Equine Practitioners grading system, before
treatment and 10 days after each intra-articular injection. Horses were examined fortnightly for
one year. Radiographic examination was performed six months post-treatment. The
generalized estimating equation test was used for statistical analysis.
Results: Acceptable levels of PDGF were detected in PLs (mean § SD: 258.0 § 52.3 pg/ml). The
majority of horses (9/10) responded positively to PL treatment presenting lower lameness
grades (p < 0.0005) compared to controls 10 days after the second injection, and returned to
normal athletic activity. Radiographs revealed no changes in osteoarthritis lesions six months
after treatment. One year post-injections, however, all horses relapsed to their initial degree of
lameness.
Conclusion: Intra-articularly injected autologous PL is an efﬁcient method for temporarily
managing osteoarthritis of the distal interphalangeal joint in athletic horses.
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1. Introduction
Degenerative joint disease or osteoarthritis represents
one of the most common problems encountered in
equine athletes, accounting a large proportion of
equine orthopaedics (Pool 1996). It is commonly characterized by deterioration of articular cartilage, accompanied by changes in bone and soft tissues of the joint
including subchondral bone sclerosis and osteophyte
formation (McIlwraith & Vachon 1998).
Although a number of treatment strategies based
mainly on the control of pain and inﬂammation, as
well as on the inhibition of progressive erosion of articular cartilage, have been proposed focusing on the
improvement of lameness (Goodrich & Nixon 2006;
Monteiro et al. 2015), the need for further clinical proof
of efﬁcacy or new therapeutic approaches is currently
evident.
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During last decades, regenerative medicine has
been considered as one of the most promising therapies of osteoarthritis (Filardo et al. 2011; Monteiro et al.
2015). Although the existence of growth factors has
been well known since many years, the application of
platelet-derived therapies in musculoskeletal injuries
and especially osteoarthritis, in both human and veterinary medicine, has been popularized the last decades
(Carmona et al. 2007; Sanchez et al. 2008; Kon et al.
2010; Nguyen et al. 2011; Textor 2011). Growth factors
released mainly from platelet a-granules are a group of
biologically active polypeptides with anabolic and anticatabolic effects that may regulate neo-chondrogenesis, as well as chondrocyte metabolism and
differentiation, potentially improving cartilage repair
(Van Den Berg et al. 2001; Sun et al. 2010; Fortier et al.
2011; Xie et al. 2014). In addition, Anitua et al. (2007)
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found that platelet-released growth factors enhanced
hyaluronic acid secretion and might be useful in joint
homeostasis. Platelet lysate (PL), among other autologous platelet-derived preparations as sources of
growth factors and cytokines, has been evaluated for
its usefulness in bone and cartilage engineering,
mainly in humans, in vitro and in clinical studies (Zaky
et al. 2008; Pereira et al. 2013; Ruggiu et al. 2013; Zhu
et al. 2013; Xie et al. 2014).
The purpose of this study was to evaluate the efﬁcacy of an intra-articularly injected preparation of
autologous PL in 10 athletic horses suffering from osteoarthritis of the distal interphalangeal joint and compare treatment with controls.

2. Materials and methods
2.1. Animals
In this study, all the applicable guidelines of the Hellenic State Veterinary Authorities on Animal Care and
Use were followed. Fifteen horses with moderate to
severe naturally occurring osteoarthritis of the distal
interphalangeal joint of one forelimb were selected for
this study from equine athletes with lameness. The
selection was based on physical examination, perineural and intra-articular anaesthesia, radiographic and
ultrasonographic examination. Speciﬁcally, the horses
were evaluated at walk, trot in hand on a straight line
and lunged on soft ground. Lameness was graded on a
0 5 scale according to the American Association of
Equine Practitioners (AAEP) grading system (AAEP
1991). Full and distal limb ﬂexion tests were also performed. Subsequently, perineural anaesthesia with
mepivacaine hydrochloride was performed on the
lame limb in order to localize the site of pain. Palmar
digital nerve blocks followed by abaxial sesamoid
nerve blocks were performed in all horses, with the
limb bearing weight. One day after perineural anaesthesia, intra-articular injection of mepivacaine hydrochloride to the distal interphalangeal joint was
performed to identify the source of lameness. In order
to localize and assess the degree of joint damage, a
radiographic examination of the foot was carried out
including lateromedial views of the distal interphalangeal joint (Figure 1). Furthermore, ultrasonographic
examination was performed to exclude any possible
lesions in the collateral ligaments of the speciﬁc joint.
Generally, diagnostic evaluation was performed independently by two veterinarians.
The 15 selected horses were randomly allocated
into two groups; 10 horses received intra-articular
injections of the PL protocol described below (PL
group), whereas 5 horses received normal saline (control group).

Figure 1. Lateromedial view of a distal interphalangeal joint of
a horse. Note the presence of osteophytes at the extensor process of the distal phalanx.

2.2. Preparation of platelet lysate (PL)
Fifty millilitre of whole blood was collected aseptically
from the left jugular vein of each horse of the PL group,
via an 18G needle, and was placed in vials containing
about 6 ml of an anticoagulant solution (citrate phosphate dextrose). The samples were centrifuged, initially
at 270 £ g for 7 min and then at 1000 £ g for 5 min,
the supernatant plasma just above the buffy coat was
separated carefully to avoid leukocyte aspiration, and a
mechanical activation of platelets by a freeze-andthaw process (frozen in ¡80  C for 30 min and then
thawed at room temperature) was performed. The ﬁnal
volume of PL obtained from each horse ranged from 3
to 7 ml.
Platelet and leukocyte (WBC) counts were performed in whole blood and in the supernatant plasma
before activation, by an automated haematology analyzer (Advia 120, Siemens, Erlangen, Germany).
Aliquots of basal plasma and PL from each horse
were also assayed in order to measure the AB isomer of
platelet-derived growth factor (PDGF-AB) by using a
speciﬁc enzyme-linked immunosorbent assay kit (NoriTM PDGF-AB ELISA Kit, Genorise Scientiﬁc, Glen Mills,
PA, USA). The level of PDGF-AB was expressed in pg/ml.

2.3. Treatment protocol and post-treatment
evaluation
In all cases of the PL group, 3 ml of PL preparation was
injected into the distal interphalangeal joint in a routine sterile manner at the horse’s premises, within 90
min after platelet activation. Control animals received

58

P. TYRNENOPOULOU ET AL.

intra-articular injection of 3 ml of sterile normal saline.
If it was necessary, horses were sedated using romiﬁdine intravenously (40 mg/kg of body weight), otherwise they were restrained with a lip twitch. Following
PL or normal saline injection the limb was bandaged
for two days, whereas the horse received box rest and
was gradually put back to normal exercise levels within
5–10 days. Every horse received a second injection
after a three-week interval. In all horses, lameness evaluation was performed 10 days after each intra-articular
injection by using the AAEP grading system. Furthermore, horses were examined fortnightly for the subsequent year. In addition, radiographic examination was
performed six months post-treatment.

3. Statistical analysis
For statistical analysis the generalized estimating equation test was used, with one between-subjects factor
(group) and one within-subjects factor (time). Differences were considered signiﬁcant at p  0.05. For all the
statistical calculations commercial software (SPSS; version 21.0, IBM-SPSS Science, Chicago, IL, USA) was
used.

4. Results
4.1. Animals
All horses were warmblood geldings, aged 8–19 years
(median 15 years) in the PL group and 9–18 years
(median 14 years) in the control group. According to
selection criteria, as it was revealed from clinical examination, plain radiography and ultrasonography, the 15
horses selected for this study suffered from osteoarthritis of one distal interphalangeal joint. More speciﬁcally,
the grade of lameness ranged from 2 to 4 in both
groups, whereas distal limb ﬂexion tests were found
positive in all horses.

4.2. Haematological and growth factor
measurements
The mean platelet number § standard deviation (SD)
in the supernatant plasma was 338.7 § 76.2 G/L (range:
224–458 G/L) compared to 125.1 § 20.9 G/L (range:
95–157 G/L) in blood equivalent to a twofold to threefold increase in platelet concentration in the supernatant plasmas before activation compared with whole
blood. On the other hand, leukocyte counts revealed
the presence of just a few leukocytes in the supernatant plasma (0.4 § 0.2 G/L) ranging from 0.2–0.6 G/L,
whereas the mean WBC number in blood was 7.5 §
1.5 G/L (range: 5.2–9.8 G/L).
The level of PDGF-AB in activated plasma (in PL) of
each horse in the PL group ranged from 182.5 to

335.5 pg/ml (mean § SD: 258.0 § 52.3 pg/ml). No
detectable levels of PDGF-AB were found in the basal
plasma aliquots.

4.3. Clinical outcome
The majority of horses in the PL group responded positively to the aforementioned protocol with either elimination of lameness (7/10 horses) or a distinct
improvement (2/10 horses), 10 days after the last PL
injection. Only one horse showed a slight improvement. In total, 9 out of 10 horses returned to normal
athletic activity. During the recovery period, no sideeffects were reported in any horse. Radiographic examination six months post-treatment did not reveal any
changes in osteoarthritis lesions. Lameness, however,
started relapsing gradually from the seventh month
post-treatment and at the end of the observation
period (one year post-PL injections) all horses returned
to their initial degree of lameness. In control group, no
changes in the grade of lameness were detected after
the intra-articular injections of normal saline.
The pooled median (minimum–maximum) lameness grade, for all measurement times, was 1 (0–4) in
the PL group and 2 (2–4) in the control group. There
was no signiﬁcant difference in the pre-treatment
grade between the two groups (p D 0.268). The lameness grade, however, was lower 10 days after the ﬁrst
intra-articular injection, marginally not reaching statistical signiﬁcance (p D 0.083), but signiﬁcantly lower (p
< 0.0005) 10 days after the second injection, in the PL
group compared to control group. Within groups, the
lameness grade after the ﬁrst and second injections
was signiﬁcantly lower compared to the pre-treatment
grade (p D 0.003 and p D 0.001, respectively) only in
the PL group (Figure 2).

5. Discussion
Last decades, there have been several experimental
and clinical reports, mainly in humans, supporting the
beneﬁcial effect of platelet-rich preparations in the
stimulation and acceleration of soft tissue healing and
in bone and cartilage regeneration (Amable et al. 2013;
Andia & Maffulli 2013; Zhu et al. 2013; Xie et al. 2014).
PL is considered a perfect candidate for the management of osteoarthritis, mainly due to its ability to promote ex vivo expansion of mesenchymal stem cells
(MSCs) used for bone and cartilage engineering (Zaky
et al. 2008; Chevallier et al. 2010; Xia et al. 2011; Sofat &
Kuttapitiya 2014; Tan et al. 2015). MSCs are found in
multiple tissues including synovial joints and have
shown the potential to differentiate into cells of several
tissues including bone and cartilage (Sofat & Kuttapitiya 2014). The intra-articular injection of MSCs, autologous PL and dexamethasone in a human patient with
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Figure 2. Changes in lameness grade of 10 horses (PL group) after the ﬁrst and the second intra-articular injections of platelet
lysate (PL). The dark horizontal lines represent median values and the boxes the 25th and 75th percentiles.

osteoarthritis of the knee resulted in a signiﬁcant
decrease in cartilage defect size (Centeno et al. 2008).
Furthermore, in human patients with knee osteoarthritis, the use of intra-articular injections of various platelet-rich preparations as sources of growth factors
resulted in signiﬁcant clinical improvement and pain
reduction up to 6 or 12 months post-treatment (Kon
et al. 2010; Filardo et al. 2011). Similar results were
reported when such treatment was compared with
hyalunoral (Sanchez et al. 2008) or normal saline injections (Patel et al. 2013). In an adolescent soccer player
with a large avulsion of the articular cartilage of the
knee, arthroscopic treatment with an autologous preparation rich in growth factors accelerated cartilage
healing and resulted in an excellent clinical outcome
and rapid resumption in athletic activity (Sanchez et al.
2003).
As Monteiro et al. (2015) reported, laboratory animal
and human studies have shown that platelet-released
growth factors have the ability to stimulate chondrocyte proliferation and the synthesis of collagen and
proteoglycans, which are major components of cartilage extracellular matrix and their content and composition loss is directly linked to osteoarthritis process
(Pearle et al. 2005; Roughley 2006). In the catabolic and
inﬂammatory joint environment of osteoarthritis,
growth factors from platelets may diminish inﬂammatory effects on chondrocytes by inhibiting activation of
inﬂammatory factors, such as the nuclear factor-kappa
B (NFkB) (Imagawa et al. 2011; Van Buul et al. 2011; Xie
et al. 2014; Monteiro et al. 2015). In cultures of synovial
cells isolated from osteoarthritic patients, platelet-rich
plasma (PRP) induced balance in angiogenesis and
increase in cell proliferation and hyaluronic acid production, suggesting a chondroprotecting effect in case
of intra-articular use (Anitua et al. 2007). Finally, pain
control mechanisms have been attributed to autologous platelet products, as far as decreased markers

associated with pain have been found in human
patients with osteoarthritis treated with PRP (Monteiro
et al. 2015).
In equines, PL has also been used for MSCs expansion, as in humans (Seo et al. 2013). Autologous equine
PL, however, evaluated in vitro among other cellular
therapy products for facilitating healing of acute orthopaedic lesions, did not appear to stimulate the proliferation and migration of endogenous MSCs, but seemed
rather to contribute to healing by the growth factors
and matrix proteins that it contains (Kol et al. 2013). In
an experimental study in horses with extensive loss of
cartilage, treatment with chondrocyte grafts supplemented with insulin-like growth factor (IGF), a growth
factor that is released from platelet-rich preparations,
increased the production of type II collagen and
improved gross ﬁlling of defects, perhaps due to IGF
anabolic effect on chondrocytes (Fortier et al. 2002). In
cultures of normal equine synovial membrane
explants, platelet-rich preparations stimulated the
release of anti-inﬂammatory proteins suggesting an
anti-inﬂammatory and anabolic effect in equine osteoarthritic joints (Rıos et al. 2015). In another study,
however, measurement of growth factor and cytokine
concentrations in the synovial ﬂuid of normal equine
fetlock joints after intra-articular injection of a plateletrich product, suggested minimal catabolic effect of
cytokines on cartilage degradation but uncertain anabolic contribution of main growth factors (Textor et al.
2013).
In this study, the lack of progression of osteoarthritis
lesions as revealed radiographically and perhaps the
control of pain resulted in a signiﬁcant lameness
improvement with horses returning to athletic activity
that lasted at least six months after treatment. Similarly, in four horses with osteoarthritis of different joints
including the distal interphalangeal joint, intra-articular
injections of autologous platelet concentrate induced
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a signiﬁcant improvement in lameness that persisted
for 2 8 months over a one-year follow-up period (Carmona et al. 2007). Furthermore, the use of an autologous platelet concentrate in 20 athletic horses with
refractory fetlock osteoarthritis gave better results; one
year post-treatment the 80% of treated horses
returned to work (Pichereau et al. 2014). Similarly, in
horses with naturally occurring degenerative joint disease in fetlock joint, the combined use of PRP and
MSCs signiﬁcantly improved the functionality and sustainability of damaged joints up to 12 months posttreatment, maybe due to enhanced MSC proliferation
and chondrogenic differentiation induced by PRP
(Broeckx et al. 2014).
Among growth factors such as PDGF, transforming
growth factor-beta (TGF-b) and IGF that are known to
affect osteogenic cells, PDGF is considered the major
growth factor in clotted blood and a potent mitogen
for cells of mesenchymal origin, particularly of osteoblastic cells (Graves et al. 1989). Therefore, in order to
ensure the quality of the injected PLs, we decided to
determine the PDGF level in the activated plasmas.
The PDGF, which is originated mainly from platelets
but also from smooth muscle cells, ﬁbroblasts, endothelial cells and macrophages, is a dimeric molecule
that may exist as a homodimer (PDGF-AA or PDGF-BB)
or a heterodimer (PDGF-AB) (Roughley 2006). Recent
studies extrapolate evidence to support the signiﬁcant
role of PDGF as a potent regulator in cartilage repair;
PDGF-AB was found to stimulate DNA synthesis in cells
from all three regions of meniscus, in a dose-dependent manner (Schmidt et al. 2006). In our study, the
increased level of PDGF-AB in the PLs was in concordance with the reduced lameness grades evaluated
post-treatment. The fact that no PDGF-AB was
detected in the basal plasma of horses, as in similar
studies (Yoshioka et al. 2013), could be perhaps attributed to non-detectable quantities existed in non-activated plasma. The level of PDGF in the prepared PLs,
however, was found within acceptable limits compared
to studies where different activation methods of platelet-rich preparations were used (Torricelli et al. 2011).
Regarding the duration of clinical improvement, in
this study, as revealed from lameness and radiographic
evaluation, the majority of horses (9/10), which
responded positively in the aforementioned treatment
protocol, showed no adverse effects or relapses at least
six months after the last intra-articular injection. Only
one horse showed a slight lameness improvement and
this outcome could be perhaps attributed to a higher
degree of articular degeneration. It is important to
bear in mind that, during the six-month period, the
positively responded horses returned to their regular
athletic activities with the majority of them maintaining high performance levels. As aforementioned, in a
similar study in equine patients, the lameness improvement was most signiﬁcant two months post-therapy

and persisted for eight months (Carmona et al. 2007).
In most human studies, especially in young patients
and in low-severity osteoarthritis, function improvement and control of pain were also stable for a shortterm period (usually six months) (Kon et al. 2010; Patel
et al. 2013; Monteiro et al. 2015). Since no side-effects
were noticed in our study, one could postulate that
repetitive treatments could only be to the best beneﬁt
of the equine patient. The rationale of using intra-articularly injected autologous blood products for managing equine osteoarthritis is further emphasized by the
potential catabolic effects on articular cartilage of the
commonly used corticosteroids (Goodrich & Nixon
2006).

6. Conclusion
This report suggests that, in spite of deﬁnite limitations
such as the small number of animals, the non-blind
evaluation of lameness post-treatment and the lack of
synovial ﬂuid analysis, the effectiveness of intra-articularly injected autologous PL in athletic horses with
osteoarthritis of the distal interphalangeal joint is clinically signiﬁcant. Moreover, horses in this study
remained sound for a period of at least six months
while being in training. This positive outcome suggests
that the aforementioned treatment can be an efﬁcient,
minimally invasive and cost effective way to control
the debilitating effects of equine joint disease.
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