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Abstract: The most common orthopaedic developmental disease in dogs is hip dysplasia. This condition results
in coxofemoral laxity due to incongruity and lack of stabilisation of the joint by the soft tissues. Currently, there
is no therapeutic plan to correct hip dysplasia without surgical intervention at a very early age. The goal of the non-
surgical treatment is to relieve pain and stiffness and to increase the muscle strength, usually through hydrotherapy
and the beneficial physical properties of water. Recently, there has been growing interest in regenerative medicine,
which involves the use of mesenchymal stem cells (MSCs) and their products to alleviate the characteristic clinical
symptoms of osteoarthritis (OA). In vivo studies with canine MSCs have shown that an intra-articular injection
of MSCs into cartilage lesions leads to the excellent regeneration of the hyaline cartilage. Regenerative medicine
has undergone rapid development in recent years thanks to new therapies based on the application and combina-
tion of innovative biomaterials. One of the first known regenerative methods to be used in clinical practice was
platelet-rich plasma (PRP). This review summarises the use and potential of MSCs and PRP, including their in vitro
properties, their therapeutic effects in the treatment of cartilage lesions in preclinical in vivo studies, their clinical
efficacy in the treatment of naturally occurring OA in dogs, and the current limitations of the studies.
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INTRODUCTION frequently leading to the destruction of the edges

of the joint cavity and the flattening of the femo-

Hip dysplasia (HD) is an inherited developmen-
tal disorder of the hip joint that manifests itself
as an abnormal structure of the acetabulum or the
femoral head, or both (Henry 1992). The trigger-
ing factor for the development of dysplasia is the
initial instability of the hip joint (Bardens and
Hardwick 1968). The congruence of the articular
surfaces of the hip joint is ensured by the joint cap-
sule, the periarticular muscles and the ligaments
of the femoral head, which is formed by the synovial
fluid under conditions of mutual congruence of the
articular surfaces. In canine hip dysplasia (CHD),
the subluxation of the femoral head occurs most

ral head (Figure 1). There are many theories that
explain the joint wear and tear in CHD, namely
joint laxity and irregular endochondral ossification.
These conditions are not mutually exclusive and
their phenotypic expression is variable within the
species. With a partially ossified hip structure,
the hip joint may deform during development due
to the mechanical stresses and the joint compo-
nents may be more susceptible to deformation due
to abnormal joint kinetics (Fujiki et al. 2007).
Abnormal endochondral ossification in the
coxofemoral joint has been reported in 15-day-
old dogs that developed hip dysplasia as early
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Figure 1. Radiographic findings of hip dysplasia in a dog

as at 12 months of age (Madsen et al. 1991) and
also in Great Danes with experimentally in-
duced hip dysplasia (Wu et al. 1974). In contrast,
in Greyhounds, a breed in which dysplasia is among
the least common, ossification of the joints appears
to occur relatively early. Although it is clear that
changes in the process of endochondral ossification
may play a role in the development of hip dyspla-
sia, the relationship between ossification patterns
and the development of osteoarthritis remains un-
clear (Chalmers et al. 2006).

Recently, the dorsal acetabular rim angle
(a measure of the dorsal slope of the subchondral
bone surface in the acetabulum relative to the hori-
zontal plane) was found to be significantly greater
in dogs with coxofemoral laxity compared to nor-
mal dogs as early as at 1 week of age (Fujiki et al.
2007). The delayed ossification of the craniodor-
sal edge of the acetabulum is frequently observed
at 8 weeks of age. Degeneration and micro-frac-
tures of the articular cartilage as well as damage
to the joint capsule, tendon insertions, and liga-
ments are often evident by 5 months of age (Barr
et al. 1987). Hip laxity is considered a significant
risk factor leading to abnormal forces and the sub-
sequent development of osteoarthritis in adulthood
(Ginja et al. 2009; Ginja et al. 2010). In general,
there are two age groups at which animals show
obvious clinical signs. The first group includes
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dogs younger than 1 year of age with hip instabil-
ity, where the pain is mainly caused by synovitis
and micro-fractures of the acetabulum (Riser 1975;
Manley et al. 2007). The second group includes
adult dogs with chronic pain due to osteoarthritis
(Manley et al. 2007).

Typical clinical signs include gait disturbances
such as reduced step height, stiffness and short-
ened stride length (Ginja et al. 2009). Evaluation
of the hip joint is performed by orthopaedic radio-
graphic imaging studies usually followed by pre-
ventive surgery if increased laxity is present, which
occurs in most cases in puppies. The choice be-
tween conservative and surgical treatment depends
on the age of the patient and the severity of the
condition. The conservative treatment includes
restriction of movement, body weight reduction
and pain medication. Pain management strategies
include the use of non-steroidal anti-inflammatory
drugs (meloxicam, carprofen, derakoxib) or other
adjunctive analgesics such as gabapentin, carpro-
fen and corticosteroids (Pye et al. 2022). It focuses
mainly on pain relief and alleviating the degenera-
tive changes (Schachner and Lopez 2015). Other
drugs, such as chondroprotectants, not only inhibit
inflammatory mediators in the joint, but can also
stimulate the metabolic activity of synoviocytes and
chondrocytes. These drugs include glycosamino-
glycan polysulfate esters, pentosan polysulphate
and hyaluronic acid. Symptomatic medications are
most commonly used to treat the hip pain and os-
teoarthritis (OA), to relieve pain or inflammation.
However, their effect is relatively short-lived, only
lasts for a certain period of time and can have vari-
ous side effects such as the development of gastric
ulcers. There are several joint supplements (such
as chondroitin sulfate and glucosamine, polyun-
saturated fatty acids, undenatured type I collagen),
despite their great popularity, the efficacy and sup-
port from scientific studies in patients with degen-
erative joint disease is unclear (Guo et al. 2022).
Methylsulfonylmethane (MSM) is an organic sul-
phur compound that occurs naturally and is one
of the substances used in complementary and al-
ternative medicine.

The authors Usha and Naidu (2004) investigat-
ed the effect of MSM in human medicine on knee
osteoarthritis for 12 weeks in a supplementation
group and a placebo group. The supplementa-
tion group showed a more significant reduction
in pain. Methylensulfonylmethane and glucos-
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amine were combined in the study. The result was
a significant difference in the swelling index, joint
mobility index, joint function and general function-
ing in favour of the supplemented group compared
to the placebo group. Chondroprotectants include
the polysulphated glycosaminoglycans (GAGPS),
which also have anticoagulant and fibrinolytic
properties (Ghosh et al. 1993). Although most
of the scientific studies support the assumption
that GAGPS have chondroprotective and chondro-
stimulating properties, some studies have found
that GAGPS have no positive effect on the cartilage
metabolism. In a clinical study of dogs with hip
dysplasia, the greatest improvement in orthopaedic
scores was seen at a dose of 4.4 mg/kg of Adequan
administered intramuscularly over eight injections
every 3 to 5 days (de Haan et al. 1994).

Another study found that an intramuscular ad-
ministration of a dose of 5.0 mg/kg of GAGPS
twice-weekly at 6 weeks to 8 months of age re-
sulted in a lower incidence of coxofemoral sublux-
ation in the growing puppies prone to hip dysplasia
(Lust et al. 1992). The exact longevity of the relief
achieved by GAGPS is not known.

Eckert et al. (2021) administered hydrolysed col-
lagen to a dog with osteoarthritis over 16 weeks.
The treatment resulted in increase in muscle and
limb circumference and a significant reduction
in pain symptoms.

Nutraceuticals and other dietary supplements
have also become important tools in the treatment
of OA in dogs and cats. These supplements appear
to have the best effect in patients with mild or mod-
erate OA. Mild OA can be treated initially with
nutritional supplements with a non-steroidal anti-
inflammatory drug (NSAID) if needed. Moderate
OA is more likely to require a concurrent treatment
with an NSAID and a dietary supplement. Surgical
treatment is performed when a high degree of OA
is present. Procedures include the total hip replace-
ment, acetabular denervation, and femoral head
and neck osteotomy (Ginja et al. 2010; Bergh and
Budsberg 2014; Schachner and Lopez 2015). There
are several objective limitations, such as the body
weight of dogs undergoing a femoral head and neck
ostectomy (Olsen et al. 2019).

Barlow, Ortolani and Barden tests are orthopaedic
screening tests for the early diagnosis of dogs with
possible hip dysplasia. The mechanism of these
qualitative tests focuses on hip instability/laxity. All
these tests can detect hip dysplasia. The Barlow test

involves the dislocation of the femoral head, which
is manually induced by a physician (Barlow 1962).
The Ortolani test involves the retraction of the fem-
oral head back into the acetabulum during luxation
or subluxation of the hip joint (Chalman and Butler
1985). The Barden test is based on the horizontal-
lateral mobility of the greater trochanter in relation
to the tuber sacrale and tuber ischiadicum (Bardens
and Hardwick 1968).

Goniometric measurements consist of measuring
the reduction angle (RA) and the subluxation an-
gle (SA). RA is the degree of femoral abduction
at which the femoral head can be reduced or placed
back into the acetabulum. The presence of RA
is an indicator of expansion or dilation of the joint
capsule. An RA in the range of 10° to 25° is con-
sidered mild joint laxity and an RA > 25° is consid-
ered a high degree of joint laxity (Chalman and
Butler 1985; Vezzoni et al. 2005). Hip dysplasia
causes chronic pain and is currently an incurable
and progressive disease in adult dogs. Due to the
poor healing properties of cartilage lesions and
the disability caused by chronic pain, the develop-
ment of new therapies is a challenge. Regenerative
medicine with stem cells and their products has the
potential to overcome the associated limitations
and improve the quality of life of affected dogs with
new available methods of cartilage regeneration
(Wang et al. 2017).

Recently, there has been growing interest in re-
generative medicine, which involves the use of mes-
enchymal stem cells. These cells can differentiate
into a variety of specific cells, including carti-
lage cells through the process of chondrogenesis
(Abbaszadeh et al. 2020).

CELL-FREE THERAPY

Due to its paracrine and immunomodulatory
abilities, cell-free therapy is considered the ideal
therapy for the treatment of inflammatory diseas-
es of the musculoskeletal system (Ivanovska et al.
2022). For the treatment of osteoarthritis in dogs,
cell-free therapy is commonly administered intrave-
nously or as an intra-articular injection (Kriston-Pal
etal. 2017; Olsen et al. 2019). Cell-free therapeutic
strategies, such as artificial media and extracellu-
lar vesicles (EVs), could represent a possible per-
spective for MSC-based therapies in the treatment
of osteoarthritis in dogs (Tofino-Vian et al. 2018).
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The MSC-based treatment method has many
advantages, it has a considerable effect in tumour
therapy and pulmonary embolisation (Kang and Park
2014). In addition, problems such as the transmission
of infections and difficulties with the low survival
of MSC-transplanted cells are eliminated. Cell-free
MSC-based technologies involve the use of modi-
fied conditioned media or membrane-bound extra-
cellular vesicles (Sharun et al. 2022). MSC-derived
conditioned media contain several biomolecules,
such as chemokines, cytokines, and growth factors,
that accelerate the regeneration of damaged tissue.
In addition, MSCs also produce membrane-bound
vesicles, including exosomes and microvesicles,
which contribute to the therapeutic potential of the
conditioned media (Hunakova et al. 2020; Sharun
et al. 2022). Extracellular vesicles (EVs) are gener-
ally categorised by their size into microvesicles, exo-
somes, and apoptotic bodies (da Costa et al. 2021).

Exosomes and microvesicles play a key role in en-
suring intercellular communication and apoptotic
bodies being formed at apoptosis during cell division
(Chandra and Sharma 2021; da Costa et al. 2021).
Adipose tissue-derived MSC exosomes increased
the expression of the anti-inflammatory cytokine
IL-10 and decreased pro-inflammatory markers
such as IL-6, tumour necrosis factor-a (TNF-«),
and nuclear factor kappa B (NF-kB). In addition,
the expression of anti-inflammatory cytokines in-
creased when cultured with activated synovial fi-
broblasts. Furthermore, their effect on promoting
chondrogenesis was confirmed by the increased
abundance of markers such as B-catenin and type II
collagen (Zhao et al. 2020).

Intra-articular injection of bone marrow-derived
MSC microvesicles helped to restore the morphol-
ogy of the damaged cartilage (Sabry et al. 2018).
The conditioned medium obtained by isolation
of adipose tissue-derived MSCs can be used to treat
bilateral elbow joint osteoarthritis. The intra-
articular injection of allogenic conditioned medi-
um improved the locomotor abilities of Labrador
Retriever dogs with osteoarthritis of the elbow
joints (Hunakova et al. 2020).

MSC-derived exosomes slowed the development
of osteoarthritis by inhibiting chondrocyte apop-
tosis and promoting extracellular matrix secretion
(Tao et al. 2017). MSC-derived exosomes do not
have the disadvantages of cell therapy (Joseph et al.
2020; Sharun et al. 2022). In addition, these MSC-
derived exosomes contain many proteins, lipids,
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and ribonucleic acid that modulate homeosta-
sis and regeneration (Zeng et al. 2022).

The extent of cartilage damage, osteophyte for-
mation and subchondral sclerosis were significantly
reduced in MSC-treated joints (Mokbel et al. 2011;
Whitworth and Banks 2014). Kay et al. (2017) eval-
uated the therapeutic effect of conditioned me-
dium from stem cells (CM-MSCs) as an alternative
to cell-based therapy in an OA model. Cell-free
therapeutic strategies, such as conditioned medium
and EVs (exosomes), could potentially be the future
of MSC-based therapies in the treatment of canine
osteoarthritis (Mokbel et al. 2011; Whitworth and
Banks 2014).

Vilar et al. (2013) demonstrated, in a canine
model of OA, that an intra-articular injection
of AD-MSCs (from allogenic canine adipose tis-
sue derived MSCs) led to an improvement in limb
function. Black et al. (2007) reported that an in-
tra-articular injection of AD-MSCs led to better
orthopaedic tests results. Several studies have in-
vestigated the mechanism of function of the condi-
tioned medium (CM) in OA therapy. The CM was
also harvested and used to isolate microvesicles
and exosomes. These extracellular vesicles and
the CM were used to treat chondrocytes from OA
patients in vitro. The results showed that the CM,
microvesicles and exosomes decreased the produc-
tion of inflammatory mediators induced by IL1j,
TNF-a and IL-6. At the same time, they reduced
the production of PGE-2 and NO. Furthermore, the
CM was able to reduce the IL1B-induced inflam-
matory effects and decrease the expression levels
of thrombospondin motif metalloproteinase 5
(Simental-Mendia et al. 2020).

HYDROTHERAPY

Physiotherapy is the therapeutic application
of physical substances and stimuli, such as pres-
sure, temperature, water, or movement to stimulate
bodily functions (Samoy et al. 2018). In general,
it aims to relieve pain and increase a joint’s range
of motion (Prydie and Hewitt 2015a). Prydie and
Hewitt (2015b) divided physiotherapy into two
therapeutic groups, namely manual therapies
and therapeutic exercises.

Indications for hydrotherapy, which is a thera-
peutic exercise, include post-operative rehabili-
tation, neurological conditions and the treatment
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of long-term pain (McGowan and Goff 2016a). The
purpose of hydrotherapy is to increase the joint
mobility (Sharp 2008; McGowan and Goff 2016a).
Hydrotherapy can be used for prevention and treat-
ment and is effective for maintaining overall fitness
(Wong 2011).

The hydrostatic pressure expresses the pressure
that the water exerts equally on all parts of the body
in relation to the immersion depth of the body in the
water. The deeper the body is immersed in the wa-
ter, the higher the hydrostatic pressure (Wong
2011). The hydrostatic pressure exerts additional
pressure on the chest, which improves the physical
fitness by stimulation of the respiratory muscles
(McGowan and Goff 2016b).

It is recommended that the temperature of the
water is between 28 °C and 32 °C. Hot water releases
the muscles and contributes to one’s well-being
by relieving pain in the affected joints (Prydie and
Hewitt 2015a). If the water is too cold, the blood
vessels constrict, contributing to stiffness and dis-
comfort. It is important to continuously monitor
the patient during hydrotherapy as hyperthermia
is a potential risk, especially in brachycephalic and
obese dogs (Zink and Van Dyke 2013; McGowan
and Goff 2016b). The primary goal of the non-
surgical treatment of OA is to control pain and
prevent any further progression of joint diseases
(Dycus et al. 2017).

Hydrotherapy primarily affects the muscles, liga-
ments, cartilage and the joint capsule (Millis and
Levine 2014). The aim of hydrotherapy is to achieve
an effect on all types of tissue. It is also used to re-
train the gait and posture and to improve proprio-
ception (Figure 2). Hydrotherapy also has a positive

Figure 2. Underwater treadmill used for rehabilitation

effect on cardiovascular and respiratory function.
This therapeutic exercise can increase the flexi-
bility of individual joints during swimming or un-
derwater walking (Robertson 2003). Low-impact
exercises, such as hydrotherapy, can prevent the ex-
acerbation of osteoarthritis. Education and owner
awareness of the need to control the body weight
are the most important things to prevent osteoar-
thritis in dogs (Robertson 2003; Bland et al. 2009;
Bland 2015). Obesity is a risk factor for the devel-
opment of hip dysplasia and degenerative diseases
in general (Kirkby and Lewis 2012). As long as dogs
have a normal body condition score (BCS), their
joints are less stressed compared to obese dogs.

According to Bland et al. (2009), 32% of dogs
with proven hip dysplasia have a BCS of 4 or 5
out of 5 and are classified as obese. Hydrotherapy
is therefore very important to promote the health
and quality of life of dogs with hip joint diseases
through a combination of body weight reduction
and increased mobility of the affected joints.

PLATELET-RICH PLASMA (PRP)

Platelet-rich plasma (PRP) was first used in the
field of regenerative medicine in the 1970s. PRP was
initially used to treat patients with thrombocyto-
paenia by PRP transfusion. Only later did it spread
to the field of cardiovascular surgery, gynaecology
and, above all, orthopaedic practice due to its anti-
inflammatory and proliferative properties (Alves
and Grimalt 2018). PRP is a product obtained from
the patient’s own blood with a high blood content.
Autologous PRP is produced by centrifuging the
patient’s venous blood. Centrifugation separates
and removes the platelets in the sample and buffy
coat (erythrocytes and leukocytes) from the venous
blood sample. The subsequent increased concen-
tration of platelets in the gained sample promotes
the healing of tissues damaged by traumatic and
destructive conditions (Eppley et al. 2006). These
platelets release growth factors and help to repair
damaged tissue structures and periarticular soft
tissues. In particular, these factors include specific
platelet-derived growth factors (Figure 3) and the
fibroblast growth factor (FGF), vascular endothelial
growth factor (VEGF), transforming growth factors
(TGF-a and TGF-f), connective tissue growth fac-
tor (CTGF) and insulin-like growth factor (IGF-1)
(Hussain et al. 2017). Due to these biological prop-
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PRP facts make it an important candidate for topical ap-

- Collagen synthesis
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- Macrophage and neutrophil
activation and chemotaxis

- Endothelial cell chemotaxis

- Protein synthesis
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- Long term healing

Platelet activation at

IGF-1
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Figure 3. Platelet-rich plasma and specific growth factors
(Hussain et al. 2017)

erties, PRP therapy is suitable for therapeutic use
in several medical fields, particularly in surgery
and orthopaedics. Studies have shown that patients
with hip osteoarthritis, elbow osteoarthritis and
lateral epicondylitis can benefit from PRP therapy
(Frechette et al. 2005).

The intra-articular application of platelet-rich
plasma (PRP) can reduce or slow the progression
of osteoarthritis by stimulating cartilage anabolism
(Stief et al. 2011).

As PRP is an autologous blood product, there
is no risk of disease transmission or immunologi-
cal reaction. However, there may be redness at the
injection site, swelling or even pain in the appli-
cation area (Sampson et al. 2008). Sampson et al.
(2010) reported significant pain relief and joint re-
pair at the medial and lateral femoral condyle after
three applications of PRP over a two-month period.
Milano et al. (2010) investigated the effect of an in-
tra-articular application of PRP in sheep with ar-
ticular cartilage damage and found significant
restoration of tissue damage compared to a con-
trol group by histologic evaluation. The most im-
portant advantages of autologous PRP include the
absence of significant adverse effects or the trans-
mission of infectious diseases. The intra-articular
injection of PRP has been reported to have effects
not only on articular cartilage, but also on other
joint structures.

Moreover, PRP plays a complex role in inflam-
matory mechanisms and immunological responses.
In addition to all these mechanisms, PRP also has
a direct buffering effect (Lee et al. 2016). All these
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plications in orthopaedic conditions. Platelet-rich
plasma shows promising and significant therapeu-
tic potential in the treatment of hip osteoarthri-
tis in large-breed dogs (Bland 2015). According
to Bland (2015), adult to geriatric large breed dogs
(Labrador Retrievers, German Shepherd dogs and
German Pointing dogs) were predisposed to osteo-
arthritis (Bland 2015). In some dogs, there were
no signs of pain or lameness in the treated joints.
The allogenic administration of PRP has repeatedly
been shown to be a rapid, effective and safe treat-
ment for this condition.

STEM CELL-BASED THERAPY

Mesenchymal stem cells (MSCs) are derived from
the embryonic connective tissue or mesenchyme.
Mesenchymal stem cells can differentiate into
various tissues and have anti-inflammatory, im-
munomodulatory and immunosuppressive effects.
They have the potential to preserve the articular
cartilage and improve the joint function, which can
subsequently relieve pain (Whitworth and Banks
2014). In adults, MSCs are found in connective tis-
sues. Mesenchymal stem cells are commonly de-
rived from bone marrow and adipose tissue, most
commonly following an ovariohysterectomy (Beier
etal. 2011). Adult MSCs have the ability to differen-
tiate into specific cells, most commonly osteoblasts,
adipocytes, and chondroblasts. They have the abil-
ity to self-renew depending on the environment
(Gimble et al. 2008).

However, studies have shown that mesenchymal
stem cells can target both ectodermal and endo-
dermal cells in vitro. Examples of ectodermal cells
are astrocytes and epithelial cells. MSCs have
an immunomodulatory function that allows them
to participate in cell therapy, especially with local
or systemic inflammation. According to the avail-
able evidence, the intra-articular injection of mes-
enchymal stem cells is beneficial in the treatment
of osteoarthritis in small animals (Kriston-Pal et al.
2017; Olsen et al. 2019). Mesenchymal stem cells
in small animal practice can be isolated from vari-
ous tissues such as the umbilical cord, muscle, sy-
novial fluid or bone marrow (Sasaki et al. 2019).
These stem cells can improve cartilage damage
by secreting trophic and immunomodulatory fac-
tors, recruiting cells to the site of damage and re-
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directing them to differentiated cartilage tissues.
(Sasaki et al. 2019; Domaniza et al. 2021).

MSCs are characterised by their differentia-
tion potential and clonogenic capacity. According
to the definition of the International Society for
Cell Therapy, MSCs are characterised based
on their three capacities, mainly their ability to ad-
here to plastic, their positive phenotype to release
CD?73, CD90, and CD105, their negative phenotype
to release the CD features CD45, CD34 and CD14,
and their differentiation into adipocytes, osteo-
blasts and chondroblasts (Dominici et al. 2006).
Recent studies have shown the efficacy and usabil-
ity of stem cells in the treatment of orthopaedic
conditions, focusing on osteoarthritis in dogs. Maki
etal. (2020) reported that, after treatment with stem
cells, most dogs with hip osteoarthritis showed
an improvement in lameness and an increase
in serum interleukin 10 (Maki et al. 2020). Zhang
et al. (2018) used umbilical cord-derived MSCs
in small animal models of osteoarthritis and found
a significant reduction in the blood levels of IL-6,
IL-7 and TNF-a in the treatment group compared
to the control group, suggesting a reduction in in-
flammation (Zhang et al. 2018). In another study,
dogs with hip osteoarthritis received a single intra-
articular injection of adipose-derived stem cells into
the hip joint. A more successful outcome was re-
ported than in the control patients and in patients
injected with growth factor-rich plasma (Cuervo
et al. 2014). In vivo studies with MSCs involved the
use of mouse models of partial and full-thickness
cartilage defects.

In each mouse model, stem cells were injected
intra-articularly and showed significant regenera-
tive effects compared to the control group (Miki
et al. 2015).

The intra-articular application of MSCs often
requires local or general anaesthesia. In addition,
this procedure can be time-consuming in dogs
with multiple OA (Olsen et al. 2019). Furthermore,
ex vivo experiments have confirmed that osteo-
arthritic synovial fluid is cytotoxic to cultured
MSCs (Kiefer et al. 2015). Therefore, the trans-
plantation of viable stem cells into osteoarthritic
joints should be considered a counter-productive
procedure, as it reduces cell viability to the lowest
possible level. In this sense, studies have confirmed
that MSCs transplanted by intra-articular injection
do not grow into the body’s own cartilage to ef-
fect direct repair (Desando et al. 2013; Satue et al.

2019). After the intra-articular injection of labelled
adipose tissue-derived MSCs into the stifle joints
of rabbits with osteoarthritis, MSCs were detected
only in the medial meniscus and the synovial mem-
brane, but not in the cartilage (Desando et al. 2013).

Virtually all research in the field of veterinary
medicine has focused on adult stem cells, particu-
larly bone marrow-derived MSCs (BM-MSCs)
or adipose tissue-derived MSCs (AD-MSCs). The
authors describe that BM-MSCs injections in-
duce the regeneration of the hyaline cartilage and
that the therapeutic effect of a delayed injection
is limited.

Similar results were obtained for AD-MSCs.
These results suggest that damaged tissue may
express specific receptors or ligands that promote
adhesion. Mesenchymal stem cells that pass into
the synovium retain their properties for at least
28 days without transforming into another lineage.
At the same time, they secrete several trophic fac-
tors such as PRG-4, BMP and TSG-6, which are
the main trophic factors for chondroprotective and
immunosuppressive function, which is an essential
feature in the treatment of hip OA. Adipose tissue
can be the preferred source of MSCs in small ani-
mals for several reasons: high productivity of MSCs
(especially falciform fat), low morbidity, including
ease of access and no additional pain associated
with tissue harvesting (Ozeki et al. 2016).

Recent publications show that the intravenous
application of stem cells does not allow direct ac-
cess to joints or tissues, this method of applica-
tion is currently not recommended in the field
of orthopaedics (Harting et al. 2009). The authors
conducted a study in 21 dogs with chronic hip OA
(at least more than 6 months) (Black et al. 2007).
Dogs treated with the intra-articular administration
of autologous MSCs showed a significant decrease
in pain, lameness scores and showed a higher range
of motion of the joints compared to the control
group (Black et al. 2007).

Another study (Cuervo et al. 2014) compared
the efficacy of autologous MSCs versus PRP in the
treatment of hip osteoarthritis. Thirty-nine dogs
with hip OA were enrolled in this study and divided
into two groups: 19 dogs received intra-articular
injection of MSCs and 20 dogs received intra-ar-
ticular injection of PRP. The results demonstrat-
ed that MSCs and PRP were a safe and effective
treatment modality, as they significantly reduced
pain and improved the physical activity 1, 3, and
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6 months after treatment. Better long-term results
were achieved in the MSC group at 6 months after
treatment (Cuervo et al. 2014).

Vilar et al. (2013) recorded that the positive effect
when combining MSCs with PRP was prolonged
for more than 6 months. Furthermore, they found
that dogs treated exclusively with MSCs showed
more significant improvement over the first month
after treatment, with decreased pain and lameness
scores. However, this effect gradually diminished
over 1 to 3 months (Vilar et al. 2014). In 2016, these
authors compared the pain rating scales using force
measurement platforms in the same animals over
a 6-month period after application of MSCs. This
research was conducted using a pain rating scale
to measure OA-related lameness; however, it did
not show accuracy when compared to a quantita-
tive kinematic analysis (Vilar et al. 2016).

CONCLUSION

Recently, there has been increased interest in re-
generative medicine and many studies have tried
to demonstrate the increasing potential of MSCs.
Their use in new therapeutic approaches seems
inevitable. The basic properties of MSCs include
the ability to proliferate without a loss of charac-
teristics and the ability to differentiate into specific
types of cells. In addition, their properties include
immunomodulatory functions, the ability to re-
lease trophic and immunomodulatory factors and
to influence their environment at the same time.
The development of knowledge in the field of re-
generative medicine will allow the further devel-
opment of new therapeutic strategies. There are
many factors regarding the most appropriate route
of the MSC application, optimal source of tissue
and impact of stem cells on the donor’s condition,
which still need to be more deeply investigated
and reconsidered. For this reason, when select-
ing a donor, screening for infectious diseases and
other risky diseases and factors that are important
for the safety of the animal involved in the study
is carried out.

It is therefore essential to know the origin and
the composition of the product and the storage
conditions of the product. It is necessary to dem-
onstrate the functionality and integrity of the cells
during the study process and to prove that the stem
cells are not contaminated by viruses and bacteria.
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In conclusion, platelet-rich plasma also shows
a significant therapeutic potential especially in the
field of surgery and orthopaedics, in the treatment
of osteoarthritis in dogs. Regenerative medicine
is of great use in preventing acute osteoarthritis
changes in the elbow and hip joints, improving
the mobility of the joint and relieving pain dur-
ing movements. Further investigations and pro-
spective clinical studies are needed to validate the
findings in the field of small animal practice in or-
der to make conclusive statements.
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