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INTRODUCTION

Osteoarthritis (syn: OA, degenerative joint disease, osteoarthritis) can be defined as a
disease of the movable joints [1] characterized by chronic deterioration of the articu-
lar cartilage with altered subchondral bone metabolism, the formation of periarticular
osteophytes, a degree variable synovial inflammation leading to progressive joint
stiffness and pain [2]. It is the most common form of arthritis in dogs and cats and
also reported in human species as common as well [3]. In 2005, 26.9 million adults
in the USA were estimated to have OA [4], up from 21 million in 1990. As reported
from the Osteoarthritis Research Society International (OARSI) the osteoarthritis
accounts for 2.4% of all years lived with disabilities (YLD) and has been ranked as
the 10th leading contributor to global YLDs [5].

In Veterinary Medicine, although robust epidemiological data are lacking, it has been
estimated that approximately 20% of adult dogs are affected by OA [6] and also re-
ported as well in more than 60% of adult cats which showed radiographic evidence
of this condition in the appendicular skeleton [7]. Pet dogs share both an environ-
ment and lifestyle with their owners, and a growing public awareness is developing
and also among researchers of the One Health Medicine. Dog's OA is generally con-
sidered to bear a close resemblance to human OA, which regards anatomic similarity,
disease heterogeneity and progression [8]. For this reason, several human researchers
used dogs with spontaneous OA and ranks this species as the best animal model
adopted for research [9]. Furthermore, mutual co-studies on osteoarthritis in veterina-
ry and human medicine could be beneficial in both humans and dogs itself. One
Health Medicine is emerging as a holistic paradigm wherein veterinary and human
medical researchers and clinical practitioners collaborate to increase their understan-
ding of shared diseases and to develop new therapies [10].

OA is not a single disease, and is often misperceived as a disease of only cartilage,
but it is a complex degenerative joint disease which have to be controlled with a mul-
timodal therapies [11]. Multimodal management of canine osteoarthritis is based on

several therapeutic approach including non-steroidal anti-inflammatory medications



(NSAIDs), joint supplements, weight management, and rehabilitation therapy [6;12].

When common conservative therapies fail to provide a long-term response, and a
surgical management is not the proper decision to make, regenerative medicine is
another option in the multimodal approach to manage OA [13]. Several publication
reports the use of different interarticular regenerative medications in dogs affected by
OA, such as hyaluronic acid, non transfusional hemocomponent (PRP, PRF, IRAP)
mesenchiamal stem cells, and stromall vascular fraction. [13-15]

In the last few years, medical researchers on the Regenerative field focus on the the-
rapeutic properties of the mesenchymal stem cells (MSCs) to know the feasibility
and the efficacy of their use [16-17].

Although mesenchymal stem cells were originally isolated from bone marrow
[18-19], similar populations have been reported in other tissues. Human MSC have
been isolated from adipose tissue [20], umbilical cord blood [21-24], peripheral
blood [25-26], connective tissues of the dermis, and skeletal muscle [27].

Due to the characteristic high concentration of stem cells, the simple isolation, and
the plastic properties, the scientific community shows a particular interest in MSCs
derived from adipose tissue, which is called Adipose-Derived Stem Cells [28-31].
The adipose tissue once processed, allow to extract the aqueous fraction consisting of
ASCs and the stromal vascular fraction (SVF). SVF contains precursors of endothe-
lial cells (EPCs), macrophages, smooth muscle cells, lymphocytes, pericytes, pre-
adipocytes [32]. The clinical efficacy in the treatment of OA through SVF infiltration
is linked to its anti-inflammatory and immunoregulatory effects, alongside the rege-
nerative capacity of ASCs [28]. Mesenchymal stem cells (MSCs) are considered to
be a promising candidate for cartilage regeneration, due to their ability to differentia-
te towards cartilage and bone cells and secrete trophic factors with regenerative func-
tions [33]. The paracrine effect and anti-apoptotic, anti-inflammatory and anti-aging
functions of these stem cells, is fundamental for the regeneration process. ASCs are a
positive alternative treatment for OA, as in vitro studies have proven they contain

CD73, CD90, CD105, and CD106 markers, which are necessary for cell differentia-



tion into cartilage, moreover, in vivo studies have also reported good results, despite
with some limits yet [34-35].

Over the past decade, research has brought new insights into the effects of ASCs, and
more new mechanical disintegration technologies promise to achieve rapid, ready-to-
use stem cell collection.[36-38].

The following research aims to validate a novel system for the disintegration of adi-
pose tissue in dogs and evaluate the effectiveness of intra-articular injection of mi-
cro-fragmented adipose tissue (MFAT) for the treatment of spontaneous osteoarthritis
in dogs by comparing the use of hyaluronic acid, currently considered standard of

care for the treatment of OA.

1 OSTEOARTHRITIS

Osteoarthritis (OA) may be defined, in pathologic terms, as the aberrant repair and
eventual degradation of articular cartilage in association with alterations in subchon-
dral bone metabolism, periarticular osteophytosis, and a variable degree of synovial
inflammation [39]. OA should be thought of as a disease process rather than a disea-
se entity because it appears to be a common final pathway for the failing joint. It is a
pathological condition of the entire diarthrodial joint, including articular cartilage
(hyaline), synovial membrane, synovial fluid, subchondral bone, and surrounding
supporting structures (muscles and ligaments). The joint can be considered an "or-
gan" in which all components of it are affected by the pathological process. Histori-
cally recognized as "types of non-inflammatory arthritis" (Fig./.1), due to evidence
of the lack of active inflammation on synovial cytology, OA is now considered an
inflammatory clinical condition, without an increase in white blood cells in the fluid
synovial as in other types of arthritis [40]. In pathologic terms, OA has been defined
as “an inherently noninflammatory disorder of movable (synovial) joints characteri-
zed by deterioration of articular cartilage and by the formation of new bone at the

joint surfaces and margins.



OA is associated with a progressive destruction and loss of cartilage, remodeling of
bone, and intermittent inflammation. Changes in subchondral bone, synovium, and
ligaments are detectable at an early stage, and initially an increase in cartilage matrix
synthesis occurs concurrently with increased degradation [5;39]. Synovial and carti-
lage-derived proteases are major players in cartilage matrix degradation, with matrix
metalloproteinases (MMPs) and aggrecanases seemingly key catabolic agents. Arti-
cular cartilage is considered the key tissue in osteoarthritis, but it must be remembe-
red that the synovial joint as an organ, has cross-talk between various tissues (carti-
lage, synovium, bone, ligament, synovial fluid, fat). The relative importance of this
cross-talk is still non completely know [40]. In recent decades, research studies on
OA have focused on the characterization of molecular biomarkers in order to hi-
ghlight the osteoarthritis process in the initial stages and be able to prevent the trig-

ger of cartilage deterioration [41].
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fig.1.1 Classification of canine and feline arthritis [41]



1.1 PREVALENCE IN DOG

Osteoarthritis affects more than 80% of Americans over age 55 [42] years and ap-

proximately 1 in 5 adult dogs in the USA [43]. It is the number one cause of chronic
pain in dogs, and approximately 10—12 million dogs in the USA show signs of OA.
The ‘average’ veterinary practice sees approximately 45 arthritic dogs per month,
21% of which are considered ‘severe’, 38% are considered ‘moderate’, and 41% are
considered ‘mild’ as assessed by their clinical presentation [44]. The demographics
of dogs with OA are broad-reaching. Although the condition tends to be over-repre-
sented in older, heavy dogs, it can be a clinical problem in any dog. The ‘poster
child’ for OA in dogs is the middle-aged to older (>4 years), large breed (>50 1b
[>22.5 kg]) dog that is overweight to obese. In the case of obesity, which is often

seen in older dogs, abnormal stress on the joints is accentuated.

1.2 CLASSIFICATION OF OSTEOARTHRITIS

The OA onset and development in dogs is a complex mechanism, and both the causa-
tive causes of the disease and the factors that support its progression are not yet fully
understood. Despite the challenge of the full understand of disease, osteoarthritis can
be classified as idiopathic (syn: primary) or secondary [45].

Primary OA is associated to joint aging, whose causes of cartilage degeneration are
not yet understood at all; it is described as a joint disease caused by wear of the sy-
novial components due to prolonged use and to predisposing OA factors. Secondary
OA onset itself as a response to anomalies or trauma that cause joint instability and
can be associated with genetic factors predisposing to the development of patholo-
gies [45].

The initiation of OA is not well understood, but several theories have been extended
to explain how different stimuli may give rise to a progressive, degenerative disorder.

These hypotheses can mainly be divided into those that propose abnormal stresses



acting on normal cartilage (e.g. Trauma) and those that propose a consequence of
normal stresses acting on abnormal cartilage (e.g Dysplasia).

In dogs, the disorder most frequently occurs secondary to an identifiable abnormality
of the joint such as a developmental disorder, joint instability, or trauma (e.g., osteo-
chondritis dissecans, hip dysplasia, cruciate ligament rupture).

Once established, both primary and secondary OA progress along a “final common

pathway” of anatomic and biochemical changes in the joint.

1.3 ETIOLOGY

The etiology of osteoarthritis might be not clear, at least in the case of idiopathic
osteoarthritis, or obviously, in the case of secondary osteoarthritis, the complexity of
the condition extends well beyond the identification of its cause. The inevitable pro-
gression of OA can largely be attributed to enzymatic degradation of the articular
cartilage. Current models of arthritic etiology indicate that each individual has an
intrinsic susceptibility to the development of the disease, associated with an overlap

of local factors at the joint level, as reported in Figure 1.2 [46].
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fig.1.2 Model of canine and feline osteoarthritis [46].



Therefore the individual's susceptibility is summed up by genetic, age, and systemic
factors, such as obesity. The genes that control this susceptibility have not yet been
well identified in dogs, although progress has been made in improving our compre-
hension of the genetic basis of the diseases that cause secondary osteoarthritis

[47-50].

PREDISPOSITION FACTOR

There is a significant variation in the severity and rate of progression of the OA bet-
ween individual animals compared with the same initialing injuries. This may be in-
fluenced by the environment (e.g., amount of exercise, bodyweight ), genetic, and

comorbidities factors.

Genetics.

In humans, idiopathic or primary osteoarthritis is very common, and a genetic predi-
sposition has been clearly highlighted, already reported in the early 1960s [51]. Ho-
wever, due to the prevalence of osteoarthritis in the human population, and the mar-
ked heterogeneity in the clinical onset, it has been hard to correlate the precise gene-
tic contribution to the etiology of osteoarthritis. Furthermore, it is clear that polyge-
nic factors can contribute to the incidence and severity of osteoarthritis, which these
can differ depending on the specific joint, gender, and race [52].Several candidate
genes encoding proteins of the extracellular matrix of the articular cartilage have
been associated with early onset osteoarthritis [53]. In addition to point mutations in
type II collagen, inherited forms of human osteoarthritis can be caused by mutations
in other genes expressed in cartilage, such as the type IV, V, and VI collagen gene, as
well as the oligomeric matrix protein of cartilage ( COMP).

In addition to structural proteins, genes have been identified that encode non-structu-
ral proteins associated with the risk of osteoarthritis, for example, growth differentia-
tion factor (GDF) -5 [54-56]. In the canine species, breed predisposition to the deve-
lopment of OA has been reported, due to hereditary genetics defects related to the

development of predisposing diseases (e.g. CHD) [47,58,59].



Age.

Age also appears to influence the susceptibility of osteoarthritis, due to the structure
of joint tissues, including joint cartilage. As chondrocytes age, they synthesize smal-
ler, less uniform aggregate molecules and less functional link proteins, their mitotic
and synthetic activities decline, and anabolic stimuli and growth factor decrease [60-
62]. Accumulation of advanced glycation end-products within the type II collagen
network is also another aspect of aging. [63-64]. These age-related cross-links of col-
lagen appear to reduce turnover of the collagen network. Such shorter aggregate mo-
lecules contain fewer chondroitin sulfate side chains but greater amounts of keratan
sulfate and therefore have less ability to absorb water into the tissue, which alters the
biomechanical characteristics of itself [65]. Overall, aging is associated with multiple
cartilage changes which provide the tissue loss itself. Several studies are supported
by clinical data in canine patients, which suggests that the long-term outcome for
dogs with cranial cruciate ligament disease and secondary osteoarthritis is not as

good in older dogs [66].

Body weight.

Data on the effects of body weight on OA are still confused and need to be clarified
as well. Body weight appears to increase the risk of some triggers of osteoarthritis, in
a particular way with a secondary osteoarthritis. In a birth cohort study of Boxers,
Van Hagen et.al found that large body weight at birth was associated with increased
risk of the development of clinical signs of canine hip dysplasia [67]. In addition, the
risk of cranial cruciate ligament rupture increased in dogs with larger body weigh

[68].



Overweight and Obesity.

Obesity is another key risk factor for the development and progression of osteoarthri-
tis [69]. Canine populations have been shown to be useful in defining the contribu-
tion of dietary restriction in improving the appearance and progression of osteoarthri-
tis. Lawler et al. with the aim of evaluating the effect on restrictions diet in dogs, en-
rolled 48 patients at high risk for canine hip dysplasia developing and obesity, La-
brador Retrievers (n = 48), and then paired at age of 6 weeks by sex and body weight
within each of seven litters. Afterwards they were randomly assigned within two
groups, a “control fed > group (ad libitum) and a “25% restriction diet” group [70].
From the age of 8 weeks, each “control-fed” dog was given the dry and extruded diet
ad libitum, while each coupled-mate in the "restriction diet” group was given 75% of
the amount of food that their companion fed had consumed the previous day. Each
feeding group was given the same diet, with only the quantity offered differed. When
the dogs were 3.25 years old, the “control fed” group's rations were held constant at a
daily dietary energy level consistent with an ideal body weight for that breed. Among
“control fed” dogs at age 2 years, 42% had radiographic [71] evidence of hip
osteoarthritis, compared with 4% hip osteoarthritis among “diet restriction” dogs. By
5 years of age, 52% of “control fed” dogs had radiographic evidence of hip osteoar-
thritis, compared with 13% of “restriction diet” dogs. Body weight at 5 years old cor-
related moderately with severity of hip osteoarthritis, suggesting that body weight
alone might not be the primary driving force for development of hip osteoarthritis in
the dogs. Radiographic hip osteoarthritis in the whole group of 48 dogs had increased
in linear fashion during the 14.5-year period of feeding and data collection, from a
prevalence of 15% at age 2 years to 67% by age 14 years. By the end of the study,
83% of “control fed” dogs had developed radiographic hip osteoarthritis, compared
with 50% of the “diet restriction” group, which resulted in having a longer median

life span [72].



Diet restriction also resulted in lower prevalence and severity of OA in the shoulder

and elbow joints [73-74] .

Overweight and obesity may be an etiologic factor for osteoarthritis by causing in-
creased load bearing on the joint, as has been demonstrated in human subjects and
also can alter the joint alignmen, causing focal overload of the joint tissue [75-76].
Over the years, the scientific community has recognized diet as one of the most im-
portant environmental factors that can affect health and disease. Genetics are key to
determining disease predilection, and it is also recognized that nutrition can modify
and modulate the extent to which different genes are expressed. New genomic tech-
nologies, called ‘-omics tools’, are elucidating the basis of the associations between
diet and health. These technologies monitor the activity of multiple genes simulta-
neously at the level of ribonucleic acid (RNA) by transcriptomics, the level of pro-
teins by proteomics, and, ultimately, the level of metabolites by metabolomics. The
science of nutrigenomics uses all of these tools to elucidate how nutrients affect heal-
th and disease by altering the expression of an individual's genetic makeup [77-78].
Traditionally the mechanical stress of over-weight has been thought to be a primary
perpetrator of the progression of OA. However, recent studies have documented me-
tabolic activity in adipose tissue that may be of equal or greater importance. Adipo-
cytes secrete several hormones including leptin and adiponectin, and produce a di-
verse range of proteins termed adipokines. Among the currently recognized adipoki-
nes is a growing list of mediators of inflammation: tumor necrosis factor (TNF)-a,
IL-6, IL-8, and IL-10 , which are already documented in both human and canine spe-
cies [79-81]. Production of these proteins is increased in obesity, suggesting that obe-
sity is a state of chronic low-grade inflammation. This might explain why relatively
small reductions in body weight can result in significant improvement in clinical si-
gns; this overproduction of inflammatory mediators in obese individuals is associated
with changes in the genome. These changes may enhance the phenotypic expression

of OA compared to genetically similar dogs that remain lean their entire lives [82]
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fig.1.3 Dogs on a diet of restricted caloric intake not only demonstrate a significant reduction in progression of

osteoarthritis hip scores but also live longer [71].

Understanding the relationship between genes, nutrients, and health is the central te-
net of nutrigenomics. As this emerging field matures it is reasonable to envision an
era where dietary intervention, based on knowledge of nutritional requirements, nu-

tritional status, and genotype can be used to prevent or cure chronic disease

Gender, Environment Factors.

The association between gender and osteoarthritis in dogs and cats has not been ex-

tensively studied, although there are many publications regarding gender predisposi-
tion with the orthopedic disease, which may be the underlying cause of OA [83-86].
Environmental factors that may contribute to the risk or progression of canine

osteoarthritis include variables such as nutrition, exercise, and housing conditions.
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1.4 PATHOGENESIS

Osteoarthritis appears to be mechanically driven but chemically mediated, with en-
dogenous attempts at aberrant repair. Although clinically apparent, the vicious cata-
bolic/anabolic cycle of OA is not yet comprehensively understood; however, recent
evidence suggests inflammation may be at the genesis of this degradative process.

(fig.1.4)
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Figure 1.4: Schematic representation of the principal pathological processes in OA.

The joint can be considered an "organ" in which each of its components is affected
by the pathogenetic process of osteoarthritis. OA is associated with the destruction
and loss of cartilage tissue, radical changes in the metabolism and architecture of the
subchondral bone, the formation of osteophytes and entesophytes, synovial inflam-
mation, and fibrosis. Currently, the evidence increasingly shows a cross-talk bet-

ween the various tissues of the joint, in particular synovium and cartilage.
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Instead of being a pure cartilage disorder, considered a key point on progression and
pathogenetic process of OA, degeneration joint disease is now considered as a who-
le-joint disease that affects various anatomical structures in and around the joint cap-
sule. These include muscle, ligaments, entheses, synovial tissue and the subchondral
bone. Furthermore, the changes in the central nervous system caused by this chronic
condition can lead to the phenomenon of pain sensitization.

Typical features of OA include degeneration or progressive loss of structure and
functionality of articular cartilage. As the disease process progresses, cartilage tissue
is lost, and erosion and ulceration ensue. Hyaline cartilage in a high water content
tissue (approximately 70%), forms the load-bearing surface of the joint and provides
a low-friction, and moderate resistance to the compressive load. Proteoglycans com-
prise most of the extracellular matrix (ECM) that is not collagen (50%), and make-up
22-38% of the dry weight of adult articular cartilage [98] .

Articular cartilage is structured in IV layers (fig /. 5) with different histologic struc-
ture, and biomechanics function, surface layer forms a pre-compressed protective
diaphragm resistant to wear and tension inside of the joint surface plane, while the
fibrils in the middle and deep areas are organized to provide greater capacity to resist
the compressive load [99]. The concentration of proteoglycan increases with increa-
sing depth from the articular surface, and therefore the collagen fibrils are more con-
centrated at the surface. The increased concentration of proteoglycan in the deeper
cartilage is associated with resistance to compression.

Subchondral bone is a thin layer of bone, which joins hyaline cartilage with cancel-
lous bone; whose wavy nature of the osteochondral junction allows for the conver-
sion of shear stresses into compressive forces reducing the risk of overload on carti-
lage. The subchondral/cancellous region has been found to be approximately 10 ti-
mes more deformable than cortical bone and plays a major role in the distribution of
forces across a joint [100]. Compliance of subchondral bone to applied joint forces
allows congruity of joint surfaces for increasing the contact area of load distribution,

thereby reducing peak loading and potential damage to cartilage [101].
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Figure.1.5: Articular cartilage from an adult dog with labeling of the cartilage zones and the tidemark [40].

Loads applied to the articular surface are shared between various components of the
cartilage matrix; the collagen fibrils dominate its tensile behavior, whereas the osmo-
tic properties of the proteoglycans provide its resistance to volumetric compression.
The relatively low modulus of elasticity of articular cartilage allows tissue deforma-
tion that increases the congruity of opposing articular cartilage surfaces. This increa-
se in surface area, improves joint stability, and decreases surface stresses. Additio-
nally, this deformation redistributes fluid away from the compressed region into ad-
jacent stretched regions, a process that is facilitated by the low permeability and the
high internal swelling pressure of cartilage. Both properties reflect the cartilage's abi-
lity to maintain hydration under pressure, obtained from the low hydraulic permeabi-
lity and high osmotic pressure of the constituent proteoglycans, which contributes up
to 50% to the compressive rigidity of the cartilage [102-103]. Glycosaminoglycans
account for approximately 75% of the osmotic pressure of the proteoglycans
[41-102]. The swelling pressure of cartilage is balanced by the tensile resistance of
the collagen network. The magnitude of the swelling pressure varies with the density,

distribution, and molecular conformation of charged groups on the proteoglycans.
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The magnitude of the resisting tensile force depends on the structural organization,
tensile stiffness, and strength of the collagen network [42]. Articular cartilage recei-
ves its nutrients and clears its waste products by movement of synovial fluid under
the influence of weight bearing.

During the pathophysiologic process of osteoarthritis, the cartilage tissue undergoes a
radical change that can be divided into three overlapping phases. In the beginning,
the extracellular matrix degrades at the molecular level, the water content increases,
the size of the aggrecan molecules within the tissue decreases, and the structure of
the collagen network is damaged, resulting in reduced rigidity of the cartilage [87].
At the second phases , chondrocytes try to compensate for the damage through en-
hanced proliferation and metabolic activity cell clusters, formed by cloning, appear
surrounded by newly synthesized matrix molecules. This condition can remain for
several months to years. In the third stage, the chondrocytes are unable to maintain
their repair activity resulting in complete loss of cartilage tissue. During the osteoar-
thritis disease, the cartilage has an evident imbalance between anabolic and catabolic
processes, with both degradation and synthesis up-regulated. Throughout life there is
a constant turnover of cartilage matrix. This fragile homeostatic process is under the
control of the matrix metalloproteinases (MMPs) and their inhibitors (the inhibitors
of the matrix metalloproteinases or TIMPs (fig.1.4). In OA the activity of the MMPs
and the aggrecanases is increased substantially, fewer TIMPs and cytokine inhibitors
are produced and more cytokine receptors are expressed on articular cells, which
leads in homeostasis lost, with consequent a net loss of cartilage matrix, and progres-
sion and perpetuation of the joint disease.

The increase in enzymatic activity is linked to the release of inflammatory cytokines,
such as interleukin (IL) -1, tumor necrosis factor-a, and IL-6, which stimulate the
release of MMP and aggrecanases from the cells synovial and from the same chon-

drocytes [88-90-94].

In the short to medium term an increase in cartilage thickness occurs, which is asso-

ciated with tissue swelling and an anabolic response that produces more cells and
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more extracellular matrix [91-92]. However, as disease progresses, cartilage tissue is
lost and end-stage disease involves ulceration of cartilage and eburnation of sub-
chondral bone [93]. Degradation of the components of the extracellular matrix of ar-
ticular cartilage and cell death are the key processes of the osteoarthritis. Considering
the potential role of inflammatory prostaglandins, and the use of non-steroidal anti-
inflammatory drugs for the treatment of osteoarthritis, the role of COX expression
has been extensively investigated, and evidence suggests that COX inhibition may
provide beneficial effects in cartilage. [95]

Chondrocytes from human osteoarthritic cartilage explants express COX-2 and spon-
taneously produce prostaglandin E 2(PGE 2) [96]. In addition, it is also reported that
PGE?2, as well as nitric oxide (NO) releases, produced by osteoarthritic cartilage ex-
plants decreased proteoglycan synthesis and enhanced the degradation of both aggre-
can and type II collagen. These effects are associated with down-regulation of MMP-
1, together with up-regulation of MMP-13 (collagenase 3), which degradate ECM
with preferentially effect on deep zone of cartilage (perpendicular zone) [136], and
disintegrin and metalloproteinase with thrombospondin motifs-5 (ADAMTS-5) [97].
Among other inflammatory mediators of interest in the pathogenesis of osteoarthritis
are both oxygen- and nitrogen-derived free radicals. Reactive oxygen species (ROS),
such as superoxide anion, hydrogen peroxide, and hydroxyl radicals, promote chon-
drocyte apoptosis, most likely via mitochondrial dysfunction.

Nitric oxide (NO), produced by the inducible isoform of nitric oxide synthase
(INOS), appears to be another major catabolic factor produced by chondrocytes in
response to cytokines such as IL-1p and TNF-a. Considerable evidence indicates that
overproduction of NO by chondrocytes plays a role in the progression of cartilage
loss in osteoarthritis, promoting cartilage degradation with inhibition of matrix syn-
thesis, activation of matrix metalloproteinases, and apoptosis. NO is generated th-
rough the activation of inducible nitric oxide synthase (iNOS), which is calcium-in-
dependent, and thereby long-lasting, which generates large amounts of NO over an
extended period of time. NO inhibits the synthesis of proteoglycans and collagen in

cartilage culture and up- regulates the synthesis of MMPs that are typically kept in
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check by tissue-inhibiting metalloproteinases (TIMPs). Although normal cartilage
does not express iNOS nor produce NO without stimulation by inflammatory cytoki-
nes, osteoarthritic cartilage explants spontaneously produce considerable quantities
of NO.

However, NO and its derivatives may also play protective roles in that protease acti-
vity and proteoglycan degradation, which is enhanced when the NO production is

stopped. Degradation of aggrecan appears to be a very early event in canine osteoar-

thritis and is followed by disruption of the collagen network [104]. Aggrecan can be

degraded by matrix metalloproteinases, such as MMP-13, but the “aggrecanase” en-

zymes appear to be particularly important. The aggrecanases, also known as ADAM-

TS-4 and ADAMTS-5, cleave the aggrecan protein core in the inter-globular domain
between G1 and G2 [105-106]; this action releases most of the molecule, including
the negatively charged sugar side chains, from the matrix [107].

It is currently thought that ADAMTS-5 is up-regulated in osteoarthritis, and studies
indicate that this enzyme may be critical for disease progression [108-109-110]. Ho-
wever, the understood of which of these enzymes is the most important in canine and
feline osteoarthritis remains unknown. The intact triple helix of type II collagen can
be degraded only by MMP-1 and MMP-13, and possibly MMP-8 and MMP-14 [111-
112-113]. The enzymes are secreted as pro-forms that are activated by partial proteo-
lysis. Furthermore, the action of these enzymes is controlled by natural inhibitors, the
tissue inhibitors of metalloproteinases (TIMPs), produced in such a way that the ba-
lance between proteolytic activity and inhibitors is fundamental [111].

Cartilage oligomeric matrix protein (COMP) is the most abundant non-collagenous
protein of articular cartilage [114-115]. Its putative role is seen in the assembly of
collagen fibrils, and it has been extensively studied in human OA as biomarker of
human disease progression [116-117-118]. Data are limited on the role of cartilage
oligometrix matrix protein in canine OA, but they suggest increased COMP cataboli-

sm in early osteoarthritis [119-120].
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Synthesis of cartilage matrix molecules can be stimulated by various growth factors
such as insulin- like growth factor (IGF-1 and IGF-2), and transforming growth fac-
tor-p (TGF-B). Both IGF and TGF-f can stimulate aggrecan and collagen synthesis.
The availability of IGF is controlled by circulating and locally produced binding pro-

teins (IGFBPs). Disturbance to the IGF-IGFBP “system” in canine osteoarthritis re-

veals that the availability of IGF may be decreased [121]. TGF-B expression is redu-

ced in osteoarthritis [122].

Table 1.1.: Major inflammatory mediators of osteoarthritis

Inflammatory Mediator Activity

Cyclo-oxygenase-2 gives rise to destructive and inflammatory eicosanoids

Prostaglandin E2 is a major enzyme in the arachidonic acid pathway leading to the
pathologic features of pain and inflammation

Interleukin-1§ induces COX-2 with resultant central nervous system hypersensitivi-
ty. Both IL-1a and IL-13 possess strong proinflammatory effects

Matrix metalloproteinase-13 (collagenase 3) cleaves type II collagen

Inducible nitric oxide (NO) synthase leads to increased synthesis of NO, associated
with cartilage degradation, inhibition of matrix synthesis, and chondrocyte apopto-
Sis

Tumor necrosis factor-o stimulates prostaglandin secretion and increases activity of
matrix- degrading proteinases as well as regulating immune cells

Degradation of aggrecan in ECM and critical for perpetuation and progression of
Joint disease

The synovial joint capsule plays one of the major role in early OA, as changes in the
synovium precede changes in the articular cartilage [125]. The joint capsule can be
divided into three strata, given various nomenclature, but the most commonly accep-
ted refer to the synovium as the synovial lining (intima), subsynovial layers, and,
with the term joint capsule referring to the fibrous tissue surrounding the joint. Wi-

thin the synovial intima (usually only one to two cell layers thick) reside type A sy-
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noviocytes (macrophage-like in function) and type B synoviocytes (producing hyalu-
ronan; also capable of producing degradative enzymes). The sub-synovial (sub-inti-
mal) layer is vascular, neural, and allows independent movement of the synovial
membrane from the fibrous joint capsule. Depending on the joint-specific biomecha-
nics, the sub-intima can be composed of different types of connective tissue: fibrous,
fatty or areolar, loose and highly viscoelastic connective tissue which permits stret-
ching or folding. The tough fibrous layer contributes to physical stability of the joint.
Synovial tissue separates the joint capsule from the joint cavity. Apart from cartilage
nutrition and lubrication, the main function of synovial tissue is to prevent adherence
of the capsule with cartilage. By the production of hyaluronan and plasminogen acti-
vator, the synovium preserves articular mobility [137]. Hyaluronan is also responsi-
ble for ensuring constant synovial fluid (SF) volume during exercise [138]. Synovio-
cytes do not possess a basal layer and lack cell-cell junctions, which facilitate the
exchange between SF with blood or lymphatic vessels.

Osteoarthritis involves variable synovitis and capsular fibrosis, and indeed interest in
this aspect of the disease process is increasing [123-124]. Articular cartilage receives
its nutrients and clears its waste products by movement of fluid under the influence
of weight bearing. Synovial lining macrophages phagocytize proteoglycans and col-
lagen fragments released from diseased cartilage into the synovial fluid. This stimu-
lates the synoviocytes to produce cytokines and MMPs, which, under the influence
of weight bearing, are forced back into the cartilage matrix to further perpetuate the
process of degradation [126]. As a species the dog seems particularly prone to deve-
lopment of synovitis during the process of osteoarthritis, particularly during the early
stages. Most available information has been gathered by evaluating change in the
stifle joint associated with, or following, cranial cruciate ligament transection. Syno-
vial histologic changes include synovial hypertrophy and often hyperplasia with an
increased number of lining cells, often accompanied by marked infiltration of the

sub-lining tissue with foci of lymphocytes in chronic condition [127-128-129] .

Some observations indicate that the grade of macrophage infiltration can be more

pronounced in early stages of OA [139]. Vascular endothelial growth factor produc-
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tion by synovial macrophages has been postulated as a possible mechanism that exa-
cerbates synovial angiogenesis and inflammation in OA [140]. Lymphoid cell aggre-
gates are rarely seen in early OA but do occur in up to one-third of synovial samples
from patients with severe OA [141]. Mast cell numbers in the synovial tissue are
high in OA, despite a lower synovitis score. A trend towards correlation between
mast cells and radiographic OA severity, independent of synovitis, has been also po-
stulated [142]. Mast cells are a substantial source of preformed cytokines such as
TNF. Interestingly, mechanical loading promotes mast cell degranulation [143]. The-
refore synovial mast cells are potentially involved in mechano-inflammation in OA.
Synovial surface fibrin deposition is commonly observed in endstage OA [144].
Cartilage breakdown products, derived from the articular surface as a result of me-
chanical or enzymatic destruction of the cartilage, can provoke the [113] release of
collagenase and other hydrolytic enzymes from synovial cells and macrophages. In-
deed, the macrophage is likely to be a key cell in driving synovial control of cartilage
metabolism through the release of catabolic cytokines such as IL-18 and TNF-a,

which are probable contributors to the degradative cascade.
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Figure.1.6: Illustration of pathogenic stimuli during OA.[144]
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Osteophyte formation and subchondral bone sclerosis are another key features of
osteoarthritis. The articular cartilage and subchondral bone form a functional osteo-
chondral unit in order to optimize shock ab- sorption and load distribution. A minera-
lized or calcified cartilage layer forms a junction between bone and non- calcified
cartilage tissues. The interface between calcified and non-calcified cartilage is called
the tidemark. Osteoarthritic cartilage displays multiplication of the tide- mark repre-
senting enhanced calcification of the deep cartilage zone [145].

The genuine osteophyte, or osteochondrophyte, arises in the periosteum overlying
the bone at the junction between cartilage and bone [130]. Osteophytes can contribu-
te both to the functional properties of affected joints and to clinically relevant symp-
toms. Osteophyte formation is highly associated with cartilage damage, but osteo-
phytes can develop without explicit cartilage damage. Mesenchymal stem cells pre-
sent in the periosteum or synovial lining are thought to be the precursors of osteo-
phytes. In murine experimental osteoarthritis, osteophytes originate primarily from
the periosteum covering the bone at the cartilage-bone junction. However, cell popu-
lations from the synovium can be triggered to form cartilage in vitro, and synovium-
derived mesenchymal stem cells have been shown to be even more efficient in carti-
lage formation than bone marrow—derived mesenchymal stem cells. Growth factors
of the TGF-P superfamily appear to play a crucial role in the induction of osteophy-
tosis. TGF-B, when introduced into the joint in experimental animals, induces osteo-
phyte formation, and TGF-f3 expression is observed in osteophytes in human patients
and experimental animals with osteoarthritis [130-131]. Several studies have evalua-
ted the subchondral bone changes associated with canine osteoarthritis. The canine
cranial cruciate transection model of osteoarthritis thinning and increased porosity of
the subchondral bone plate is followed by sclerosis [132-133]. Data suggest that sub-
chondral bone plate thinning is associated with cartilage damage, but the co-localiza-
tion of pathologies in these adjacent tissues does not elucidate cause and effect

[134] . Data from gene knockout mouse models of osteoarthritis, induced by destabi-
lization of the medial meniscus, suggest that pathology in articular cartilage and that

in subchondral bone are progressive over time but are likely independent of each
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other [135].

Given the closely associated changes in subchondral bone and articular cartilage,
molecular targets that alter osteoclast and/or osteoblast function may represent op-
portunities to modulate pathologic subchondral changes in osteoarthritis; they are

therefore under consideration in efforts to develop disease-modifying treatments.

1.5 THE “PAIN PATHWAY" IN OSTEOARTHRITIS

Pain is the result of a complex signaling network. The cognition of pain, like cogni-
tion in general, is controlled by neurologic system. The physiologic component of
pain is termed nociception, which consists of the processes of transduction, transmis-
sion, and modulation of neural signals generated in response to a noxious stimulus.
When carried to completion in the conscious animal, nociception results in pain. Ba-
sically, the pain track can be understood as a chain of three neurons; the first-order
neuron originating from the periphery and projecting towards the spinal cord, the se-
cond-order neuron ascending the spinal cord, and the third-order neuron projecting to
the cerebral cortex. Furthermore, the trace involves a network of branches and com-
munications with other sensory neurons and inhibitory neurons descending from the
midbrain that modulate the afferent transmission of noxious stimuli. The process be-
gins with the conversion by nociceptors of mechanical, chemical, or thermal energy
into electrical impulses. These nociceptors exist as free nerve endings of primary af-
ferent neurons, and have considerably higher stimulus thresholds for activation than
thermoreceptors or low-threshold mechanoreceptors active under ambient conditions.
Within the dorsal horn, the communication of afferent nociceptive information bet-
ween various neurons occurs via chemical signaling, mediated by excitatory and in-
hibitory amino acids and neuropeptides that are produced, stored, and released in the
terminals of afferent nerve fibers and dorsal horn neurons. It is here in the dorsal
horn that the afferent nociceptive impulse lives or dies, and is modulated by various

integrative influences. [146]
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The descending modulatory system works on four tiers, the cortical and thalamic
structures, the periaqueductal gray matter of the midbrain, the rostral medulla and
pons of the brainstem, and the medullary and spinal cord dorsal horn. Again, the spi-
nal cord is the site of most active modulation. Dense concentrations of y- aminobuty-
ric acid, glycine, serotonin, norepinephrine, and the endogenous opioid peptides (en-
kephalins, endorphins, and dynorphins) have been identified in dorsal horn neurons,
and all produce inhibitory effects on nociceptive transmission. It is now apparent that
a single neuron may be influenced by many neurotransmitters, that each neurotran-
smitter may have numerous actions in a given region, and that multiple neurotran-
smitters may exist within a single neuron. It is important to note that the pain respon-
se is not confined to the nervous system. Pain induces both segmental and supraseg-
mental reflex responses which result in: increased sympathetic tone; vasoconstric-
tion; increased system vascular resistance; increased cardiac output through increases
in both stroke volume and heart rate; increased myocardial work through increases in
metabolic rate and oxygen consumption, decreased gastrointestinal and urinary tone;
and increased skeletal muscle tone. Endocrine responses include increased secretion
of adrenocorticotrophic hormone, cortisol, antidiuretic hormone, growth hormone,
cyclic adenosine monophosphate, catecholamines, renin, angiotensin II, aldosterone,
glucagons, and IL-1, with concomitant decreases in insulin and testosterone secre-
tion, i.e. the classic stress response. [146]

Our current understanding of joint pain is poor, and osteoarthritis provides additional
challenges with respect to understanding the relationship between joint pathology
and pain, which apparently is not linear and is not predictable. Literature information
on nociception in the joint derives from human studies or animal models. Pain in the
joint is often dull and aching, and it is poorly localized in contrast to cutaneous pain.
To date, the neuronal organization of joint pain has not been fully elucidated, but
most available information on this topic describes the innervation of joints. Joint
nerves contain AB-, Ad-, and C-fibers. Corpuscular endings of AB-fibers are found in
ligaments and in the fibrous joint capsule, and free nerve endings are present in all

structures of the joint except normal articular cartilage. From all joint structures in-
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cluding ligaments, fibrous capsule, adipose tissue, meniscus, periosteum, and syno-
vial layer, but not cartilage, conscious sensations can be evoked. In human beings
who are awake, direct stimulation of fibrous structures with innocuous mechanical
stimuli evokes pressure sensations. However, pain is elicited when noxious mechani-
cal, thermal, and chemical stimuli are applied to fibrous structures such as ligaments
and fibrous capsule [147]. No pain is elucidate by stimulation of cartilage, nor even-
tual stimulation of normal synovial tissue [148]. In general, the pain sensation in a
normal joint is most commonly elicited by twisting and contusion of the joint. Mo-
vement in physiologic range of motion is normally not painful, and palpation of
normal joint does not hurt. A large group of mainly C-fibers are so-called silent noci-
ceptors because they do not respond even to noxious mechanical stimuli of the nor-
mal joint.They begin to respond to mechanical stimulation during inflammation of
the joint. During inflammation, numerous silent nociceptors develop sensitivity for
mechanical stimulation of the inflamed joint. This recruitment of fibers significantly
increases input into the spinal cord and neuronal changes provide a plausible expla-
nation for the occurrence of mechanical hyperalgesia or pain in the inflamed joint
[149-151].

Whether they also evoke other sensations such as pressure or stiffness is unknown. In
summary, the joint is equipped with a large number of nerve fibers that are suitable
to encode painful mechanical stimuli [152-153].

It is thought that sensation of primary afferent fiber is produced by inflammatory
mediator, including TNF-a, IL-6, bradykinin, PGE2, PGI», serotonin, substance P,
galanin, and so on [154]. Inglis and colleagues in a study of induced arthritis in mice,
founds that neutralization of TNF-a reduced both mechanics hyperalgesia and in-
flammatory process [155]. This demonstrate that inflammatory mediators play a si-
gnificant role in adapting the responses of nociceptors within the articular tissues.
Evidence also indicates that joint pain results in the development of central sensitiza-
tion, which is one of the mechanisms leading to increased pain [156-157].

Furthermore, it has been demonstrated that COX enzymes play a role in central sen-
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sitization and that COX inhibitors can prevent the establishment of central sensitiza-

tion [158-159]. Central sensitization can actually drive the progression of OA patho-
logy and that downward modulation of central sensitization can result in decreased
joint pathology [160-161]. In addition, a direct effect on NSAIDs at the level of the
joint may result in a reduction in disease progression [162-163].

One such mechanism is seen in the prevention of NO-induced cel death. Several
studies evidences that osteoarthritis cartilage has higher number of apoptotic chon-
drocytes compared with normal cartilage [164-165]. The production of NO may re-
present an important component in the pathogenesis of OA, produced in large
amounts by chondrocytes upon pro inflammatory cytokine stimulation. Selective in-

hibition of COX-2 significantly inhibits NO-induced cell death [166].

2 DIAGNOSTIC EVIDENCE AND STAGING OF OSTEOARTH-
RITIS

The diagnosis of osteoarthritis in small animals is often not sufficiently accurate, as it
is more frequently secondary, due to some other primary joint abnormality, despite
the presence of idiopathic primary forms of OA (foot and manus in the small joint).
The clinical history often reports very mild clinical signs, which are highlighted
more in the case of owners of sporting dogs.

Basically the owner may complain that their dogs show reluctance to exercise, exer-
cise intolerance, stiffness from inactivity, and often report intermittent sign.

The main clinical sign reported by the owner is pain. Identifying, assessing and sco-
ring pain is one of the clinician's most challenging challenges, especially in chronic
diseases. Various acute pain assessment measures have been used by researchers to
quantify pain. These include verbal rating scales (VRS), simple descriptive scales
(SDS), numeric rating scales (NRS), and visual analog scales (VAS), all of which

have their limitations. Historical limitations of scales used to assess pain have inclu-
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ded assessment of pain on intensity alone. The Glasgow Pain Scale is such a multi-

dimensional scheme, and although it is detailed, its on-going refinement may result
in greater utilization [167]. Currently, there are no validated ‘scales’ to assess chronic
pain for the clinicians. For that reason several studies have sought to develop the
means to evaluate pain via the accrual of information from owners of dogs with
osteoarthritis. This interest has undoubtedly arisen because osteoarthritis is usually a
chronic and insidious disease, and it is difficult for the veterinarian to stage disease
severity in the consultation room. In such a situation, information from the owner
becomes critical, but general nervousness is associated with relying too heavily on
information from untrained parties. Nevertheless, several attempts have been made to
design and validate owner questionnaires for canine osteoarthritis [168-171]. The
competition of these questionnaires may help the clinician track disease progression.
Some questionnaires , called clinical metrology instrument, are very feasible for re-
search as a validate strategy for assessment the long term response to
treatment[168,169]. The Canine Orthopedic Index (COI) and the Canine Brief Pain

Inventory Index are two example of these questionnaire.

2.1 CLINICAL SIGN OF OSTEOARTHRITIS

All of the clinical sign are referable to the morphological change of the joint affected
by osteoarthritis. OA in dogs is associated with a variety of clinical signs and physi-
cal examination findings. The main examination finding are muscle atrophy, joint
swelling, capsular and extracapsular fibrosis, joint effusion, reduced range of motion,
crepitus, and pain on joint manipulation. Clinical signs are variable depending on
multiple factors, including the breed and demeanor of the patient, the stage of the
disease, and the particular joint affected. For instance, more proximal joints are less
palpable and it is not possible to feel effusion or capsular fibrosis, whereas distal

joints may demonstrate such changes. All these clinical signs become silent and dif-
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ficult for the clinician to perceive if the patient is a cat, where the most important

tests are often the owner's medical history and imaging findings.

2.2 IMAGING MODALITIES TO EVALUATE OA

Radiography is probably the most common diagnostic test to evaluate orthopedic
disease, including osteoarthritis. Most often the degenerative joint disease is secon-
dary, and the x-ray evaluation can be useful to assess joint pathology, such as dy-
splasia or articular fracture.

Radiographic assessment of osteoarthritis is not the ideal method of disease assess-
ment, because can provide only information on bony changes, such as osteophytosis,
enthesophytosis, narrowing of the joint (in stance), joint effusion, soft tissue swel-
ling, subchondral sclerosis, interarticular mineralization, and subchondral cyst; these
changes could be considered a limitation, especially in the initial phase of OA, by
reducing information on soft tissue, synovial membrane and cartilage.

However, osteophytosis is certainly a useful marker through which to diagnose
osteoarthritis, even if it is not pathognomonic of OA, because other arthritis may in-
duce their formation. The value of osteophytosis for staging the severity of osteoar-
thritis is controversial. Studies on the post-surgical cruciate-deficient stifle joint indi-
cate that osteophytosis often continues to progress after surgery [172-174]. One pro-
spective study with three sampling points indicated that ostheophyte growth may be
more active in the first 7 months following surgery, compared with the period bet-
ween 7 and 13 months [172].

Another limit to consider could be that radiographs of dogs and cats are generally
obtained while the patient is not weight bearing, and therefore is not generally possi-
ble to infer anything meaningful on the status of articular cartilage from the inter-
bone distance on radiographs. Some authors suggest evaluating the interbonic distan-
ce at the narrowest point of the patellofemoral joint space during flexion, because in
that case we can simulate in a loaded patellofemoral space [91].

The femoropatellar joint space had a strong independent correlation with body

weight ( larger in larger dogs) and with stifle joint flexion angle ( decreased joint
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space with greater flexion). Evidence also suggests a weaker, negative, independent
effect of age. This latter finding is interesting in that it suggests that older dogs have
less cartilage, or have a less anabolic response in the cartilage, compared to younger
dogs. In the temporal analysis of femoropatellar joint space over a 13-month period,
femoropatellar joint space width increased significantly in the first 7 months of this
prospective study. Results indicate a moderate to strong positive relationship bet-
ween body weight at baseline and change in femoropatellar joint space from entry to
7 months ( greater body weight tends toward a greater increase in femoropatellar
joint space). To a lesser extent, body weight also related positively to femoropatellar
joint space change from 7 to 13 months.

Advanced imaging modalities such as magnetic resonance imaging (MRI) and com-
puted tomography (CT) are used increasingly to image joints. Of these two modali-
ties, MRI is generally more appropriate because it can provide information on soft
tissues such as cartilage, ligaments, menisci, and synovium, as well as bone. Howe-
ver, canine cartilage is so thin that even the more powerful magnets available in
some centers do not have sufficient signal-to-noise ratio to allow accurate delineation
of canine articular cartilage. Nevertheless, MRI can provide useful information on
structures such as menisci, ligaments, and tendon [175;176].

The signal intensity of gadolinium-enhanced MRI has been demonstrated to detect
differences in glycosaminoglycan content in articular cartilage. This holds promise
for the use of such studies to detect changes in cartilage over time [177]. Computed
tomography provides excellent information on bony changes but is less useful for
soft tissue pathology. Therefore, CT has received much less attention as an imaging
modality for diagnosis and staging of osteoarthritis. However, positive-contrast CT
has been investigated for imaging the canine stifle joint to assess structures such as
menisci [178;179]. CT can be useful for imaging joint with more complex anatomy,
such as elbows, carpi, and tarsi.he cross-sectional nature of the images avoids supe-
rimposition that can mask osteophytes on plain radiography. In summary, CT is not a
routine modality for assessing osteoarthritis per se, but it is often used in the elbow

joint, carpus, and tarsus to investigate the initiating cause of osteoarthritis. Scintigra-
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phy using technetium99m linked to a diphosphonate carrier is an imaging modality
that can provide infor mation on bone remodeling. The diphosphonate binds to hy-
droxyapatite crystals, and recently formed bone has large crystals for the carrier to
bind. Scintigraphy has been used as a clinical research tool to assess bone turnover in
canine OA [180;181]. In human beings, some predictive value in osteoarthritis in
terms of progression of cartilage loss , but such studies have not been performed in
dogs or cats [182;183]. Arthroscopy has become commonplace in small-animal sur-
gery and probably represents the most valuable and cost-effective means for the vete-
rinary clinician to gain an assessment of the stage of osteoarthritis in a canine joint.
The technique can be used to evaluate cartilage status degree of synovial change,
and status of other intra-articular structures. Chondropathy can be graded using a di-
scontinuous ordinal scale (modified Outerbridge scale) to facilitate clinical record
keeping and comparison between studies [184-185]. Arthroscopy is minimally inva-

sive and, in trained hands, is a quick and effective method to assess articular patho-

logy.

2.4 SYNOVIAL FLUID ANALYSIS

Synovial fluid analysis is recommended in the diagnostic work-up for joint diseases
and is useful in categorizing the type of arthritic process that is present. If there is
any doubt as to the underlying disease process in a joint, synovial fluid should be
sampled and analyzed for total and differential cell counts. Synovial fluid in osteoar-
thritis typically shows evidence of mild inflammatory change with mild to moderate

increases in mononuclear cell numbers (fig 2.1)
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Figure.2.1: citological analysis of synovial fluid [187].

In dogs and cats, commonly sampled joints include shoulder, stifle, elbow, carpus,
and tarsus. Knowledge of the specific joint anatomy and approach is required in or-
der to properly collect the best diagnostic sample while minimizing patient discon-
fort [187]. Generally it is easier to collect sufficient sample required to perform a
complete fluid analysis from the shoulder and stifle joints, as these spaces typically
have the largest potential space for fluid accumulation. The synovial fluid analysis
can help the clinician to understand and track the disease during the treatment. Syno-
vial fluid should be clear and colorless, xanthochromia suggests prior hemorrhage,
while turbidity is consistent with presence of increased erythrocytes and /or nuclea-
ted cells [187]. Synovial fluid should be highly viscous due to presence of hyaluro-
nic acid. If viscosity is decreased and the sample seems watery, inflammation, he-

morrhage, or other cause for effusion is likely. The mucin clot test is a semiquantita-
tive assessment of viscosity [188]. The mucin clot test is best performed on a sample
that is collected into a plain or heparinized tube as EDTA can degrade hyaluronic
acid [187].

A rigorous assessment of the additional diagnostic value of the mucin clot test cannot

be found. Cellularity of normal synovial fluid in dogs and cats is generally low (<3.0

9 9
x 10 /L for dogs and <1.0 x 10 /L for cats). Cells consist predominantly of mononu-

clear cells, which are mostly lymphocytes, macrophages, and synovial cells. Neutro-

phils are typically less than 5-10% of cells. In a study evaluating 126 synovial fluid
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9
samples from cats, the mean cell count was 0.091 x 10 /L with 96.4% mononu- clear

9
cells and 3.6% neutrophils. The highest cell count in this study was 1.134 x 10 /L.

Normal protein values are generally accepted to be less than 25-30g/L. Protein con-
centration is better performed using a quantitative biochemical assay. Protein measu-
re- ment by refractometer often is not performed because of sample viscosity. In one

study, a control group of 10 dogs had a mean protein concentration of 14.6g/L with

0.22 standard deviation, by the Bradford protein method.

In the future, more detailed protein assessment may be available using a proteomics
approach [187].Cytological examination provides the physician with an assessment
of the qualitative state of the joint health. In recent few years , the scientific commu-
nity have tried to obtain more information from synovial fluid for predictive and
especially prognostic purposes . Several biomarker, such as serum C-reactive protein,
resistin, or synovial cytokine analysis where used at this scopes [189-192]. Allen et
al shows the correlation between synovial fluid cytokine in dogs with and without
OA, and concludes that Monocyte chemoattractant protein 1 was the most sensitive
biomarker to differentiate normal from OA dogs [190]. This evidence were confir-
med to Klein and colleague which shows lack of correlation between synovial fluid
IL-8, MCP-1 or IL-6 and radiographic osteoarthritis severity or joint pain and dy-
sfunction [191]. The predictive value of these biomarkers has not yet been clearly
understood, but they appear to be important for comparing the effect of intra-articular

therapies.
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3 MANAGEMENT OF OSTEOARTHRITIS

The management of osteoarthritis is often conservative and multimodal, consisting of

medical and non-medical aspects (fig.3.1).

NSAID
Physical
habilitati
rehablitaton Weight control
and exercise
Multimodal
management
of canine
osteoarthritis
Adjunct
Chondro-
protectant

EPA-rich diet

Figure.3.1: multimodal approach of OA: medical management treatment [216]

For many years, the pain has been managed by the administration of a single phar-
macological agent, and often only when "proven" by clinical examination. Within the
past 10-20 years advancements in the understanding of pain physiological mechani-
sm, the introduction of more efficacious and safer drugs, and the maturation of ethics
toward animals have considerably improved the management of pain that our veteri-
nary patients need. Multimodal management was initially intended as the administra-
tion and combination of different drugs, which provided different and non-competiti-
ve mechanisms of action. At present day the concept is wider and includes a non-

pharmacological management, which is basically the basis of the therapeutic proto-

col (fig.3.2).
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Figure 3.2: Schematic summarizing the current management of canine osteoarthritis.[40]

3.1 NON-MEDICAL CONSERVATIVE MANAGEMENT

Non-medical management consists of three principal aspects, which are diet, weight
control, and physical rehabilitation.

-Diet is arguably one of the most important environmental factors influencing health
and disease. Although genes are critical for determining predilections, nutrition mo-
difies the extent to which different genes are expressed and thereby modulates whe-
ther individuals fully express the promise established by their genetic background.
The application of nutrigenomics to specific veterinary conditions is opening new
avenues of disease prevention and therapy [78]. The role of n-3 fatty acids in canine
OA is one example of application of nutrigenomics principles to clinically important

conditions in veterinary medicine. Arachidonic acid (AA) and eicosapentaenoic acid
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(EPA) act as precursors for the synthesis of these inflammatory cytokines, including
PGs and leukotrienes, which are also known as eicosanoids. The quantities and types
of eicosanoids synthesized are determined by the availability of the precursor of fatty
acids and by the activities of the enzymatic systems that synthesize them. In most
cases, the main precursor of these compounds is AA, although the EPA competes
with it for the same enzyme systems.

The eicosanoids produced from arachidonic acid are pro-inflammatory. In contrast,
eicosanoids derived from eicosapentaenoic acid provide very little or no inflammato-
ry activity. Ingestion of oils containing n-3 fatty acids results in a decrease in mem-
brane AA levels. This produces an accompanying decrease in the capacity to synthe-
size eicosanoids from AA. Studies have documented that levels of inflammatory ei-
cosanoids produced from arachidonic acid are depressed when dogs consume foods
with relatively high levels of n-3 fatty acids [194].

Reducing the production of pro-inflammatory mediators is only one mechanism by
which n- 3 fatty acids promote reduced inflammation and the return to homeostasis.
Clinical trial results from feeding EPA-rich diets have demonstrated increased serum
EPA concentrations, improved clinical performance as assessed by both the veterina-
rian and pet owner, improved weight bearing as measured by force plate gait analy-
sis, and have shown effective NSAID dose reduction [195].

Based on these studies, a food designed to aid in the management of OA in dogs
should provide levels of total omega-3 fatty acids of 3.5-4.5% (dry matter) and spe-
cifically 0.41—- 1.1% (dry matter) EPA. The n-6 to n-3 fatty acid ratio should be less
than 1:1. In summary, eicosapentaenoic acid diets have two principal modes of ac-
tion: 1) by providing an alternative substrate for COX and lipoxygenase metabolism,
the resultant prostanoids are less inflammatory; and 2) help suppress the degradative
enzymes associated with cartilage destruction. This helps maintain the integrity of

hyaline cartilage, and subsequently its function (fig.3.3)
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Figure.3.3: (1)Comparison of eicosanoid end-products as influenced by substrate. (2)Dietary eicosapentaenoic acid
(EPA) suppresses the up-regulation of the aggrecanase enzyme, thereby sparing the integrity of the aggrecan aggregate,

and sparing the function of articular cartilage. [216]

On the diet category should be advanced some information about nutraceutical issue

-Weight control: overweight and obesity have already been discussed as risk factors
for the development and progression of osteoarthritis. Therefore, management of
obesity also has an important role to play in treating osteoarthritis. Evidence indica-

tes that reduction in obesity of dogs with clinical signs of osteoarthritis can lead to

improvement in clinical signs such as lameness,[196,82] and multiple studies in hu-

man beings show that treatment of overweight and obesity can improve symptoms
[197,198].

Fundamentals of weight loss programs include client education, nutritional manage-
ment (e.g., prescription diets to reduce energy intake), and exercise management
(aimed at increasing energy consumption). Dogs on a restricted diet showed a signi-
ficant reduction in progression of OA hip scores and lived longer [71,193].

In his study Kealy and colleagues demonstrate that over the life-span of investigated

dogs, the mean age at which 50% of the dogs required long-term treatment for clini-
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cal signs attributable to OA was significantly earlier (10.3 years, p<0.01) in the
overweight dogs as compared to the dogs with normal body condition scores (13.3
years) [71]. Traditionally the mechanical stress of excess weight has been thought to
be a primary perpetrator of the pathophysiology and progression of OA. However,
recent studies have documented metabolic activity in adipose tissue that may be of
equal or greater importance. Adipocytes secrete several hormones including leptin
and adiponectin, and produce a diverse range of proteins termed adipokines. Among
the currently recognized adipokines is a growing list of mediators of inflammation:
tumor necrosis factor (TNF)-a, IL-6, IL-8, and IL-10 .These adipokines have been
documented in both human and canine adipocytes [80,81]. Production of these pro-
teins is increased in obesity, suggesting that obesity is a state of chronic low-grade
inflammation. The presence of low-grade inflammation may contribute to the patho-
physiology of a number of diseases commonly associated with obesity, including
OA. This might explain why relatively small reductions in body weight can result in
significant improvement in clinical signs [82]. The overproduction of inflammatory
mediators in obese individuals is associated with changes in the genome. These
changes may enhance the phenotypic expression of OA compared to genetically si-
milar dogs that remain lean their entire lives.

However, in the osteoarthritic patient, it may be challenging to increase exercise wi-
thout exacerbating the clinical signs. For this reason, a relatively recent development

is the use of weight loss drugs, two of which are currently available and licensed for

dogs. Mitratapide is a microsomal triglyceride transfer protein inhibitor [199,200].

Dirlotapide is also a microsomal triglyceride transfer protein inhibitor, but it also ap-
pears to suppress appetite in dogs [201].Both drugs are designed to be used as part of
a weight management program, but no published studies have investigated their use
in dogs with osteoarthritis. So far, these agents are likely to be useful in weight ma-

nagement in arthritic patients, despite the lack of clinical evidence.
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-Physical rehabilitation is considered an important component of a multimodal ap-
proach to treating OA. The effects of exercise on osteoarthritis in dogs are largely
unexplored. One study reports that a short period of exercise (trotting for 1.2 km) in

dogs with osteoarthritis in a pelvic limb was associated with a reduction in peak ver-

tical force in the index limb [202]. This study indicates how, in the short term, exer-

cise can exacerbate pain and clinical signs in dogs with osteoarthritis. Anecdotally,
and extrapolating from human medicine, it seems that regular, moderate, controlled
exercise may be beneficial for osteoarthritis patients.

There are many techniques used in physical rehabilitation, which may be appropriate
for the different debilitations of patients. Some modalities are handled very easily by
the pet owner, such as walking on a leash and some proprioceptive exercises. On the
other hand, some modalities are complex, sophisticated techniques, requiring profes-
sional personnel sufficiently skills and trained with inclusive knowledge of risks and
precautions for these modalities. Physical rehabilitation focuses on the patient's ina-
bility to exercise, providing a consequent "freedom of movement" which can become
a good palliative for disease progression. Frequently, physical rehabilitation together
with weight control can be as effective as, or more effective than pharmacologic in-

tervention in human and veterinary medicine.

3.2 MEDICAL MANAGEMENT

Medical treatment of the osteoarthritis can be classified as symptom modifying agen-
ts or structure-modifying agents [203,204]. Basically the first category includes
agents designed to treat pain associated with osteoarthritis, while the second category
includes agents designed to delay, stop or reverse the perpetuating pathological
changes, which occur during joint degeneration disease.

Many symptom-modifying agents are available for use in canine osteoarthritis; the
most important one is represented by nonsteroidal anti-inflammatory drugs. The cri-

teria for validating a drug as a structure-modifying agent are rigorous and include
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demonstrating efficacy in delaying or halting cartilage erosion in clinical cohorts of
patients, which might not currently be as predictable as expected due to the lack of
methods fully validated to assess that change in cats and dogs. MRI and arthroscopy
can be used for this task in veterinary medicine with some arguable limitations in

small animals.

SYMPTOM-MODIFYING AGENTS.
-Nonsteroidal Antiinflammatory Drugs (NSAIDs)

Nonsteroidal anti-inflammatory drugs are one of the most investigated classes of
pharmaceuticals for OA in veterinary practice. Generally, this pharmaceutical class
works by inhibiting one or more steps in the metabolism of the arachidonic acid ca-
scade. Despite the mechanism of action of some of these drugs is not completely ex-
plained by the effect on arachidonic acid metabolism, the main role of NSAIDs is the
inhibition of the cyclooxygenase pathway.

NSAIDs can be classified, based on their chemical structure, as salicylate or carbo-
xylic acid derivatives, including indoles (indomethacin), propionic acids (carprofen),
fenamates (e.g., mefenamic acid), oxicams (e.g., meloxicam), pyrazolones or enolic
acids (e.g., phenylbutazone), and, more recently, coxibs (e.g., deracoxib, firocoxib).
Osteoarthritis is a complex disease process that affects all tissues of the synovial
joint. Central to this condition is the increased degradation of the extracellular matrix
of the articular cartilage with the subsequent processing of inflammatory mediators
and the activation of degradative enzymes, which leads to further degenerative and
inflammatory modifications. Strong evidence indicates that pro-inflammatory cyto-
kines, such as IL-1, TNF, and IL-6, play a key role in this process. Synovitis also ap-

pears to be a key element in the pathology of osteoarthritis and the synovium is the

key tissue of nociception in the affected joints [205] . In late-stage disease, when the

cartilage is eroded, a greater rationale is seen for the role of subchondral bone in pain
pathways. NSAIDs can relieve the clinical signs of pain. This is achieved by sup-

pression of prostaglandins (PGs), primarily PGEz2, produced from the substrate ara-
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chidonic acid within the prostanoid cascade, mediated by cyclooxygenase.

PGE2 plays a number of roles during the OA process, such as lowering the activation
threshold of nociceptors, promoting joint synovitis, enhancing the formation of de-
gradative metalloproteinases (MMPs), and depressing the synthesis of the cartilage
matrix. At the same time, PGs are involved in positive metabolic roles such as en-
hancing platelet aggregation, maintaining the integrity of the gastrointestinal tract,
and facilitating renal function. These different activities depends on the target tissues.
The main goal of NSAID management is to inhibit the formation of prostaglandins
that contribute to the clinical signs of osteoarthritis, limiting the reduction of PGs
associated with beneficial physiological functions [206]. Therefore, maintaining an
optimal balance of PGs production in the body is considered the real challenge for
this pharmaceutical class.

Advances in the pharmacodynamic study of NSAIDs in the early 1990s have shown
the presence of two isoforms of cyclooxygenase enzymes, which have different acti-
vities and different trigger pathways [207]. COX-1 is considered to be the “constitu-
tive” form and associated with the production of "constitutive " prostaglandins, whi-
ch are important for physiologic function; on the other hand, COX-2 is considered an
"inducible" isoform, whose expression is strictly controlled and down-regulated in
basal conditions, but dramatically induced during inflammation. Pro-inflammatory
cytokines, such as TNF and IL-1, up-regulate the expression of COX-2 in many
cells, such as synovial cells, endothelial cells, chondrocytes, osteoblasts, monocytes,
and macrophages. Data confirmed that synovial and subchondral bone tissue from
canine hips with osteoarthritis have increased COX-2 expression compared to heal-
thy controls [208].

The inhibitory action of cyclooxygenase by NSAIDs is both dose and drug-depen-
dent, and its main therapeutic and toxic effects have been largely correlated with this
mechanism. This concept of COX-1 “good” and COX-2 “bad” greatly oversimplifies
a very complex situation. Interestingly, COX-2 may be constitutively expressed in
the kidney and brain and also associated with a cytoprotective effect in the damaged

or inflamed gastrointestinal mucosa. No clear delineation between beneficial and in-
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flammatory prostaglandins and their respective pathways is evident so far. However,
much of the current literature is based on the hypothesis that a selective COX-2 inhi-
bitor NSAIDs may allow analgesia without the common side effects of COX-1 inhi-
bition. Methods of establishing COX-1 and COX-2 activity have relied on in vitro
exposure of cell systems to increasing concentrations of the nonsteroidal antiinflam-
matory drug, and subsequent measurement of the levels of enzyme activity. The
amount of drug necessary to inhibit 50% (IC50) of activity of each enzyme is recor-
ded and expressed as a ratio of COX-1:COX-2 . Care is required to not over interpret
these ratios, because the use of different cell systems precludes direct comparison of
the data obtained in various studies. In the metabolism of arachidonic acid, the lipo-
xygenase pathway, which is not under regulation of NSAIDs, may play a big role in

cells inflammation.

The lipoxygenase pathway can synthesize numerous products, in particular 5-hydro-
peroxy eicosatetraenoic acid (5-HPETE), an intermediate compound that is metabo-

lized into leukotriene (LT) A4, and converted into different forms (LT B4, C4, D4, E4)
whose result is a powerful chemotactic agent that attracts neutrophils and inflamma-

tory cells, with subsequent degranulation and enhancement of the inflammatory re-

sponse.
COMMON NSAIDs USED IN COMPANION ANIMAL
Drug Class Indication Dose Mechanism of action Bio-availability Interaction
- ) L - . ther anti-
proprionic relief pain in OA and . Inhibition of COX enzyme; in o
Carprofen acid post operative pain 4.4 mg/Kg die vitro selective against COX-2 >90% |nf|a(;1r1lrjgastory
Control pain and 3.4 mg/Kg . y . other anti-
Deracoxib coxib inflammation in OA post op umquelg;::%e;tscggﬁ BUilE >90% inflammatory
and post operative 1-2 mg/kg die drugs
Control of pain and lr;wg“;:g d(i)(fesc S,])é;ﬁttl\{gyb; én other anti-
Firocoxib coxib inflammation asso- 5mg/Kg die highly selective for COX-2 in Nearly 100% inflammatory
ciated with OA canine blood drugs
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COMMON NSAIDs USED IN COMPANION ANIMAL

Drug Class Indication Dose Mechanism of action Bio-availability Interaction
Mavacoxib MONTHLY
TREATMENT:
2mg/Kg with
treatment pain and food repeated .
) inflammation in god 14 day later uniquely targets COX-2, while 50% -fasted; . otierantiy
coxib aged 12 months or and then sparing COX-1 90% -fed conditions inflammatory
more in OA monthly drugs
dosing for up
to max 7
doses
Robenacoxib 1mg/Kg SID other anti-
. inflammatory
. . acute pain and max 6 days uniquely targets COX-2, while 62%- fed condition drugs. not safe
coxib mflammatlo_n and 2mg/kg SID sparing COX-1 84% fasted for < 2.5kg and
also chronic OA (SC) max 3 3 months
days animal
other anti-
inflammatory
proprionic . . . drugs.
Ketoprofene acid- carbo- . felieh [l %”d 0,25mg/Kg die COX-1 selective - limited informa-
xylic acid inflammation in OA max 30 days tion in peer-
review for use
in dog
Control pain and .
: P 0.2 mg/Kg die :
. . inflammation in OA . potentially
Meloxicam oxicam and post operative 01 on;:Ke g COX-2 selective Nearly 100% Nepro-toxic
treatment. -1 mg/kg die

During the NSAID-mediated anti-inflammatory action, a potential unintended con-
sequence of cyclooxygenase blockade is the increased production of leukotrienes,
which would otherwise have been metabolized to prostaglandin products. This me-
chanism may partially explain the incomplete relief provided by nonsteroidal antiin-
flammatory drugs. New dual COX / LOX inhibitors are being developed to prevent
this problem.

Another interesting mechanism of non-steroidal anti-inflammatory drugs is to alter
cellular and humoral immune responses, and suppress inflammatory mediators other
than prostaglandins and leukotrienes [209]. This appear to be the result of interferen-
ce with protein interactions within plasma membranes and the disruption of the re-
sponse of the inflammatory cells to extracellular signals by affecting signal transduc-
tion proteins.

The peripheral antiinflammatory activity of NSAIDs rarely appears to be correlated
with the analgesia which they provide, and this has led to the research for other me-

chanism of action. A central mechanism of the analgesic effect achieved by intrathe-
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cal administration of extremely low doses of NSAIDs has been proposed and suppor-

ted [210-211]. These suggested mechanisms can be explained by including inhibition

of prostaglandin synthesis, interaction with a central opioid mechanism, interaction
with central serotonin activity, and interference with an excitatory amino acid (e.g.
Glutamine) in the system central nervous. Acetaminophen, a drug with potent anal-
gesic and antipyretic activity but with little peripheral anti-inflammatory effect, is
believed to work, to achieve an analgesic effect through the central nervous system,
by indirect activation of cannabinoid receptors (CBI). In brain and spinal cord this
drug, following deacetylation to its primary amine (p-aminophenol), is conjugated
with arachidonic acid to form N-arachidonoylphenolamine, a compound already
known as an endogenous cannabinoid [212].

For chronic inflammation, such as osteoarthritis, non-steroidal anti-inflammatory
drugs could be used for an extended period, therefore, interest and concern has arisen
about the effects of this pharmaceutical class on metabolism and joint tissue. Althou-
gh these effects are poor, over a long period of treatment, they can become cumulati-
ve. Experimental studies in dogs have shown inhibition of ex vivo proteoglycan syn-
thesis following extended treatment with aspirin for example [213]. On the other
hand, all nonsteroidal anti-inflammatory drugs can provide some risk and induce un-
desirable and potentially life-threatening adverse events, which can be exacerbated in
prolonged treatment. A systematic review of long-term use of nonsteroidal anti-in-
flammatory drugs, 28 days or longer, reported experimental event rates, ranging from
0 to 0.31, few of these rates are available to refer to these figures [214]. Another re-
view with the same goal, limiting the eligibility assessment for the blinded placebo-
controlled studies, reported no significant differences in the incidence of adverse
events between treated and control dogs [215]. Typically the clinical sign of toxicosis
in this pharmaceutical class has been a loss of appetite, vomiting, and diarrhea. Ho-
wever, the true incidence of gastrointestinal toxicity in dogs treated with non-steroi-
dal anti-inflammatory drugs is still unknown.

NSAIDs can induce gastric damage through local and systemic effects, which are
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commonest with aging. Furthermore, nearly all non-steroidal anti-inflammatory
drugs are capable of altering platelet activity and may be associated with bone mar-
row dyscrasias. This effect can create a bleeding problem, where gastric bleeding is
the most common, partly linked to the antiplatelet activity and partly added to the
ulcerogenic properties of these drugs. In the kidney, prostaglandins are protective,
ensuring that medullary vasodilation and urine production continue during states of
renal arterial vasoconstriction. PGE2 and PGI2 have important roles in maintaining
renal blood flow and ion transport within the nephron. Any loss of this protective
function becomes important in patients with compromised renal function. Predispo-
sing factors associated with “analgesic nephropathy” include cardiac, renal, or liver
disease in geriatric patients; hypovolemic states, including shock and dehydration;
and the use of nephrotoxic (e.g., aminoglycosides) or nephroactive (e.g., diuretics)
drugs. Despite the potential toxicity and unclear metabolic effect of NSAIDs, this
pharmaceutical class is now considered the default "standard of care" for osteoarthri-
tis, also used to compare the "medicinal" efficacy of other drugs [216-217 ]. NSAIDs
currently are licensed for use in the United States and Europe for treatment of canine

osteoarthritis.
-Other Analgesics for Osteoarthritis

Primarily emerging therapies for the treatment of moderate to severe pain are achie-
ved through the reformulation of existing pain medications combined with new deli-
very technologies, which may offer improvements in efficacy and safety.

Presently, the greatest need in the treatment of chronic pain is for agents that sur-
mount the disadvantages of NSAIDs and opioid analgesics. Although great progress
has been made in terms of efficacy of NSAIDs over the past decades, safety is still
an important concerning area. OA is typically both chronic and acute disease, with
intermittent flare-ups that may render an NSAID ineffective.

As reported in the section on the pain pathway, when pain signals are generated re-
peatedly, the neural pathways undergo physicochemical changes that make them hy-

persensitive, and resistant to antinociceptive inputs. Several receptors and neurotran-
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smitters interact and play an important role in the pain path (e.g. glutamate). For
example, the discovery of the active role of the N-methyl-D-aspartataec (NMDA) re-
ceptor in chronic pain has generated a strong interest in NMDA antagonist drugs,
which are occasionally administered in combination with ion channel modulators,
such as gabapentanoids, as adjuvants in multimodal OA protocols.The receptors and
pathways involved in perception and transmission of noxious stimuli provide multi-

ple sites for potential new analgesic drug development.

Amantadine: Amantadine is an N-methyl-D-aspartate (NMDA) receptor antagonist.

+
When activated, the NMDA receptor site allows a massive intracellular influx of Ca ,

and subsequent neuronal release of neurogenic transmitters. First recognized as an
antiviral agent and later considered useful in the treatment of Parkinson's disease,
amantadine was initially thought to act on the dopaminergic system, while it is now
evident that its main action is linked to the inhibition of NMDA responses.

The analgesic effects of amantadine in dogs with chronic osteoarthritis pain were
studied and compared with NSAIDs, improving lameness outcome and clinical que-
stionnaire aspects after 42 days [218]. To date, this represents the only study under-

taken to explore the use of amantadine in the treatment of canine osteoarthritis.

Gabapentin: Gabapentin is a gamma-aminobutyric acid (GABA) analogue. It was
originally developed for the treatment of epilepsy and currently is widely used in
human and veterinary patients to relieve pain, particularly neuropathic pain. Gaba-
pentin is not licensed for use in dogs or cats so far and its mechanism of action is still
unclear, although its therapeutic action on neuropathic pain is believed to involve
voltage-gated N-type calcium ion channels. Adverse effects are not absent, of which
the most common in adult humans include dizziness, somnolence and peripheral
edema, although these mainly occur at higher doses and in elderly patients. Gabapen-
tin is excreted by the kidneys, and patients with renal insufficiency may require less
frequent dosing because of slower elimination. Although rare, several cases of hu-

man hepatotoxicity have been reported. A wide dose range for gabapentin is used
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(dosage range, 5 to 25 mg/kg); anyway, it should be given to at a lowest effective
dose. Recommendation dose start with 10 mg/kg administered orally every 8 hours
in dogs, and 5 mg/kg administered orally in cats, followed by ramping up or tapering
down to effect [219]. No peer-reviewed studies on the use of gabapentin in dogs and
cats have been published, but some positive data have been derived from anecdotal

reports of use in dogs and cats [219-220].

Corticosteroids :The use of corticosteroids for the treatment of osteoarthritis is con-
troversial [221]. For a local disease such as osteoarthritis, corticosteroids are general-
ly used as intra-articular agents, systemic use of this pharmaceutical class should be

judiciously considered and normally not recommended.

Tramadol: This molecule is widely used in dogs, it is a synthetic analogue of codei-
ne, and carries out about 40% of its activity at the mu receptor level. Tramadol is a
norepinephrine reuptake inhibitor and is also a serotonin reuptake inhibitor (SRI), in
40-20% proportion respectively. Since tramadol has SRI features, its use can be as-
sociated with increased bleeding, especially when used in combination with an
NSAID; however, it can be used as an adjunct to an opioid or an NSAID [222]. In
humans tramadol is able to reduce the amount of substance P in synovial fluid, as
well as IL-6, which seems to be correlate with the stage of OA [223]. The American
College of Rheumatology and the American Medical Director 'Association argue that
adding tramadol to an NSAID for chronic pain management in humans may have
beneficial effects [224]. Despite this support, a meta-analysis study of tramadol con-
cluded that its effect is very small and adverse events, although reversible and not
life-threatening, often prompted participants to stop taking the drug, which could li-

mit its usefulness [225].

Piprant drug class: Prostaglandin E2 is the principal pro-inflammatory prostanoid of
the arachidonic acid cascade resulting one of the key points of inflammation, and

pain hypersensitivity.PGE2 exerts its cellular effects through four different G pro-
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tein-coupled receptors, which are called EP receptors (EP1, EP2, EP3, and EP4). Of
these four, EP4 is the main receptor in mediating pain associated with both rheuma-
toid arthritis and OA, so the antagonist EP4 has been shown to be as effective as a
COX-2 inhibitor in suppressing joint inflammation [226-227].

Selective EP4 antagonists play a different role than NSAIDs and COX-2 inhibitors,
as they do not inhibit the AA cascade, but their effect is mediated by the direct bloc-
kade of PGE: (figure 3.4). In an experiment on dorsal root ganglion cultures pretrea-
ted with EP3c and EP4 antagonists, the increased release from PGE2 of substance P
and the calcitonin gene-related peptide is abolished, therefore unlike COX-2 inhibi-
tors, this pharmaceutical class does not suppress PGI2, which possess potent vasodi-
latory and antithrombic activities, and can be cardioprotective [228]. The World
Health Organization (WHO) in 2013 recognized a new pharmaceutical class whose
action is the antagonism of EP receptors; drugs belonging to this class take the suffix
of "piprant", in which grapiprant is the progenitor, and was approved in the United
States in March 2016 for the control of osteoarthritis pain and inflammation in dogs.
The European homologation was obtained in 2017 and in September 2018 this pi-

prant molecule has been introduced for the Italian trade.

Phospholipids

l

Arachidonic acid
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Figure 3.4: graphic representation of the target receptor of the “-piprant” family.[216]

STRUCTURE-MODIFYING AGENTS

-Polysulfated glycosaminoglycan

Polysulfated glycosaminoglycan is licensed for the treatment of osteoarthritis in dogs
in some countries, such as United States and Europe. The in vivo mechanism of ac-
tion is still unknown, but an in vitro study has shown the efficacy of this molecule on
proteoglycan metabolism and DNA content in explants of canine articular cartilage
[229]. The design study envisaged comparing incubated cartilage explants with and
without polysulfated glycosaminoglycan and concluded that this treatment helps to
modify the progression of osteoarthritis in joint cartilage by maintaining chondrocyte
viability or stimulating chondrocyte division, as well as protecting against degrada-
tion of the extracellular matrix. Another in vivo study in dogs affected by OA eva-
luated the effects of polysulfated glycosaminoglycan on a range of biomarkers, in-
cluding cartilage oligomeric matrix protein (COMP), C-reactive protein, and serum
activity of matrix metalloproteinases-2 and -9 [230]. Authors concluded that intra-
muscular administration of glycosaminoglycan polysulfate may inhibit the degrada-
tion of cartilage oligomeric matrix protein with an improvement in lameness, which
may likely cause decreased serum concentrations of cartilage oligomeric matrix pro-
tein. Unpublished clinical data from Millis et al. (2005) had shown an improvement
of the comfortable angle of extension and lameness scores following the administra-
tion of PSGAG at both 4 and 8 weeks following cranial cruciate ligament transection
(CCLT), while the concentration of neutral MMP was reduced relative to transected
controls [231]. However, two systematic reviews of treatment for canine osteoarthri-
tis concluded that there was a mild to moderate level of comfort in the use of poly-
sulfated glycosaminoglycan, which should be kept in mind during the clinical indica-

tion [232-233].
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-Pentosan polysulfate

Pentosan polysulfate is a semi-synthetic glycosaminoglycan, with structures similar
to heparin, which gives it anticoagulant properties [234]. The rational use of this mo-
lecule is associated with in vitro properties, in fact, it has been shown that it delays
the degradation of articular cartilage and stimulates the synthesis of hyaluronan by
the synovial cells and of proteoglycan by the chondrocytes [235-236]. Clinical trials

report very mixed and confusing results in dogs with osteoarthritis [237-238].

Between medical therapy and dietary management or “functional food”, there is a
category of supplements that takes the name of nutraceuticals, whose main objectives
are similar to structure-modifying agents, which promise an effect of prevention and
treatment of the disease. This class of molecules is considered a hot topic in the
treatment of many chronic diseases, such as OA, and are critically evaluated just like
pharmaceuticals. The most investigated and commonly used nutraceuticals are chon-

droitin sulfate, glucosamine sulfate/hydrochloride.

Chondroitine sulfate

This molecule shows approximately 5% of bioavailability in dogs after a single dose
[239]. Pharmacokinetic studies for orally administered chondroitin sulfate in dogs
did not agree with the fate of this molecule, demonstrating no cartilage distribution
after their administration. The implication of these findings is that oral chondroitin
sulfate may not reach intact joint cartilage [239,240]. However, in vitro studies have
investigated the effects of chondroitin sulfate on tissues and cells, showing antiche-
motactic activity on human neutrophils, reduced phagocytic activity, reduced release
of lysosomal enzymes and reduced damage to membranes [241].

Chondroitin sulfate has been shown to have anti-inflammatory effects in experimen-
tal animals; in particular, it has been shown to reduce edema formation in a rat carra-
geenan model, although less potent than NSAID administration [241].

An important finding is provided by a systematic review in which no published study
was found on the use of chondroitin sulfate alone for the treatment of canine OA
[233]. Additionally, a systematic review of the management of human osteoarthritis

concluded that the effect size for chondroitin sulfate pain relief had decreased from

48



the previous review, showing greater heterogeneity of results and noting further evi-
dence of publication bias [242]. In summary, there is still no evidence to recommend

the use of chondroitin sulfate for the management of canine osteoarthritis.

Glucosamine sulfate and glucosamine hydrochloride

Unlike chondroitin sulfate, glucosamine sulfate is 90% orally absorbed and diffusely
distributed in the joint space [243,244]. The in vitro effect is linked to the influences
of the metabolism of chondrocytes, which acts by increasing the synthesis of glyco-
saminoglycans, and of the mRNA of the core aggrecan protein, stimulating the pro-
duction of monomeric proteoglycans capable of assembling large aggregates of pro-
teoglycans [245]. Nevertheless, the study of canine chondrocytes in three-dimensio-
nal cultures showed the damaging effect of glucosamine on cell viability and glyco-
saminoglycan production [246]. This molecule has also been demonstrated to have a
weekly anti-inflammatory effect in several animal models [247].

Several studies have examined the efficacy of glucosamine in the relief of OA-asso-
ciated pain and disability, most of them in human patients, with variable results and
often associated with criticism related to study design and patient group size.

A meta-analysis study in human patients likely suggests that symptom modification
could be associated with the use of glucosamine sulfate, although there is a lack of
evidence for therapeutic effect and strong concern over publication bias towards po-
sitive outcomes [248]. The lack of a well-designed clinical trial in veterinary medici-
ne and the conclusion of many reviews of a strong publication bias on the effect of
glucosamine, place this molecule on the same recommendation line as chondroitin

sulfate in the decision-making process of the management of OA [233,242].
INTRA-ARTICULAR THERAPIES

Combined with the systemic administration of medications, to relieve pain and di-
scomfort of patients associated to osteoarthritis, there is a broad category of local in-
tra-articular therapies on which clinicians may rely on. According to the same crite-
ria, these therapies can be divided into agents that modify symptoms or structure, as
well as any other medications for osteoarthritis. Importantly, treatment options may

be limited by complications resulting from comorbidities and long-term systemic
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medications, which contribute to a growing, incompletely met, clinical need for addi-
tional treatment modalities, which more often rely on local therapies.

Various intra-articular therapeutic techniques, for the treatment of canine osteoarthri-
tis, are reported in veterinary literature, from the most classic use of corticosteroids,
achieving a pure anti-inflammatory effect, to the entire category of regenerative the-
rapies, such as hyaluronic acid and other biological therapies, until other novel bio-

molecular technologies, for example the radiosynoviorthesis.

-I4 Corticosteroids:

Rapid and pronounced suppression of local joint inflammation is the main action of

this molecule. Severe adverse metabolic effects have been reported for the use of this
pharmaceutical class which emphasize judicious use for systemic and even local the-
rapy [221]. Although some evidence suggests that corticosteroids may protect articu-
lar cartilage in experimental canine osteoarthritis providing significant relief of clini-

cal signs , can also have deleterious effects on the joint tissues, more serious with

repeated use, caused by the cartilage matrix suppression [249,250]. Despite its strong

effect, it is recommended to avoid repeated corticosteroid injections into the same
joint ,with general indication of no more than three or four injections in a single year
in humans [251]. Base on many human reviews recommendation it would seem pru-
dent to adopt similar guidelines for small animals. Before intra-articular corticoste-
roid injections are given, the indications and contraindications should always be con-
sidered, in particular, articular infections should be ruled out, and strict aseptic tech-
nique shall have been respected. The two most commonly used corticosteroids as in-
tra-articular therapy to manage OA are methylprednisolone acetate and triamcinolone
acetonide, where the latter would appear to have less deleterious effects on cartilage
and synovial viability resulting in the molecule suggested in the literature for 1A in-

filtration [252].
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-14 Hyaluronic Acid:

Hyaluronic acid (HA) occurs naturally as a constitutive molecule of many tissues and
fluids, but most abundantly in joint cartilage and synovial fluid (SF). It is a non-sul-
fated, non-protein glycosaminoglycan (GAG), with distinct physicochemical proper-
ties, produced by synoviocytes (synoviocyte B), fibroblasts and chondrocytes. HA
has an important role in the biomechanics of normal synovial fluid, where it is par-
tially responsible for lubrication and viscoelasticity of itself. Hyaluronic acid concen-
tration, such as its molecular weight (MW), decline with aging, as well as with pro-
gression of osteoarthritis. For that reason, HA has been used for more than four de-
cades in the treatment of DJD in dogs, horses and humans.

Basically, the main mechanisms proposed for the beneficial clinical effects detected
by hyaluronic acid therapy are partly related to its anti-inflammatory and analgesic
properties [173-176], and partly related to its regenerative properties, associated with
the restoration of elastic and viscous properties (viscosupplementation), and the bio-
synthetic- chondroprotective effect on joint cells, thanks to the induction by hyalu-
rons of the endogenous synthesis of HA and the inhibition of cartilage degradation
[253-254].

Generally HA acts as an aggregating factor between the collagen, and cartilage struc-
tural network as a whole. Intra-articular injection of HA, called viscosupplementa-
tion, has demonstrated significant improvement of symptoms in patients with OA
[254]. Several commercial forms are available, which differ in treatment regimens,
total dosage and average molecular weight. Due to its molecular weight, it is impor-
tant to note that HA is poorly absorbed from the gastrointestinal tract (5% in the dog)
and therefore must be administered locally into the joint [255]. After intra-articular
injection, the HA reaches the synovial membranes by simple diffusion, the extracel-
lular matrix of cartilage and subchondral bone through the lymphatic flow [256].
Under physiological conditions, in the extracellular matrix the HA appears mainly
high molecular weight (HMW-HA) (> 500 kDa). This feature promotes cellular
quiescence and tissue integrity by binding to receptors for pro-inflammatory signa-

ling pathways [257]. Despite the clear improvement in DJD symptoms, the sustained
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beneficial effects of HA therapy are unlikely to come from temporary restoration of
synovial fluid lubrication and viscoelasticity [253]. HA therapy is more likely to

have disease-modifying biological activity and an impact on OA progression, which
is not fully understood so far. Currently, the mechanism and doses by which HA pro-
duces beneficial effects remains controversial. The hyaluronic acid is classified based
on the molecular weight in low molecular weight (0.5—1 x 106Da), intermediate mo-
lecular weight (1-1,8 x 106Da), and high molecular weight (6 x 106 Da); some con-
troversial advantage is suggested in vivo using different the molecular weight [258].
Evidence in the literature reports an increase in efficacy in prolonging the duration of
intra-articular infiltration with hyaluronic acid, associated with an increase in mole-
cular weight [259]. One study compared efficacy on low molecular weight HA infil-
tration frequencies, obtaining non-significant statistical outcome among patients re-
ceiving weekly treatment for 3 weeks and weekly treatment for 6 weeks [260]. Ano-
ther study in dogs with osteoarthritis-related to hip dysplasia, result in low pain sco-
res, and better clinical outcome with a single intra-articular injection of hyaluronic
acid (molecular weight 500-730 kDa) compared to intra-articular saline injection in
combination with oral nutraceutical and carprofen [261]. Additionally, Hellstrom and
colleagues showed better results in a canine OA study with two intra-articular injec-
tions of high molecular weight sodium hyaluronate applied at a 3-week interval
compared to using oral anti-inflammatory therapy, noted a clinical improvement for
over 6 months following administration [262]. The current recommendation for intra-
articular HA therapy for OA is considered to administer HA once weekly for 3 weeks

with very mild complication associated to its use.

-Radiosynovioorthesis

Radiosynovioorthesis (RSO) is an injection into the synovial space of a radioisotope
to treat joint inflammation and mitigate chondromalacia. It is used when systemic
therapies or other traditional therapies fail to produce a satisfactory response, with
the main goal of reducing synovitis which is characterized by pain and synovial hy-
pertrophy. Its use in veterinary medicine is under investigation and associated with a

great interest in the scientific community [263,264]
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4 REGENERATIVE MEDICINE

In recent decades, the scientific community has sought adequate cures for major
chronic diseases, where definitive cures are lacking, turning more and more frequen-
tly to regenerative medicine. Regenerative medicine is defined as an interdisciplinary
field of clinical research and therapy, focused on the repair, replacement, or regenera-
tion of cells, tissues, and organs, with the aim of restoring the structure and function
of those affected [265]. Regenerative medicine encompasses a wide variety of
treatment strategies, including stem cell therapy, tissue engineering, genetic therapy,
and the use of autologous biological products, such as platelet-rich plasma (PRP) or
autologous conditioned sera (ACS). Basically, the principal goal for these therapies

is to reduce pain and inflammation, improving the healing process [265].

4.1 PRP

Platelet-rich plasma (PRP) is an autogenous fluid concentrate composed primarily of
platelets and free growth factors. The main important rationale to use this therapies
reside in the presence of alpha granules , which contain hundreds of growth factors,
cytokines, vasoactive peptides, and extracellular matrix proteins, that are critically
important in all the physiologic phases wound healing, from inflammation to the ma-
turation phase [266-267]. Initially, the first clinical applications of PRP were limited
to dentistry and maxillofacial surgery to improve bone healing. However, currently
has much broader clinical applications, extending to orthopedic surgery and sports
medicine. Multiple formulations of PRP have been developed and studied. The pla-
telet concentration is not the only important component of a PRP production; the in-
clusion or exclusion of mononuclear cells, neutrophils, and red blood cells (RBC)
are responsible of different clinical efficacy of the product, and play major roles af-
fecting the inflammatory responses after PRP injection [268-272].

Generally, it is believed that RBC and WBC should be reduced for intra-articular in-
jection because they may provide an inflammatory effect, despite the effect of mono-

nuclear cells remains largely unknown [271]. A recent study had shown the pro-in-
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flammatory effect of red blood cells, demonstrating that synoviocytes die significan-
tly more, when compared to the use of leukocyte-poor PRP (LP-PRP) [271]. The ef-
fect of intra-articular PRP infiltration in canine osteoarthritis was investigated. Fahie
and colleagues compared a single infiltration of leucocyte-poor platelet-rich plasma
with saline infiltration (control group) in 20 client-owned dogs with OA, concluding
that a single intra-articular injection of PRP resulted in led to clinical improvement
for up to 3 months after treatment, which may suggest the potential useful of this mo-
lecule [273]. Nowadays PRP therapy is largely used for the treatment of OA and is
often performed as a series of 1-3 injections with 2 weeks between each injection.
Despite the routine clinical uses, there are still several limitations on the scientific

data, which can generate some skepticism.

4.2 AUTOLOGOUS CONDITIONED SERA

The main product on this class of biologics therapeutics reside on the Interleukin-1
receptor antagonist (IL-1RA) , better known as interleukin-1 receptor antagonist pro-
tein (IRAP). The IRAP is an endogenous protein that inhibits interleukin-1 activity
by binding to the IL-1 receptor, preventing its ligand-receptor interactions and signa-
ling events, which play a key role in the progression of OA-associated inflammation
[274]. The use of this molecule has been investigated in veterinary medicine, as well
as in humans medicine [274-278]. Nowadays, numerous system have become availa-
ble for veterinary use to produce IRAP, which can be administered intra-articularly
to reduce IL-1 signaling that potentiates inflammatory pathways associated with OA.
These systems are designed to increase the expression of leukocyte-derived IL-1RA
by incubating coagulated whole blood within a chamber containing borosilicate
beads. Normally the serum is then collected, filtered, and administered intra-articu-
larly. Recent studies have evaluated and validated the use of these systems and have
shown a large increase in IL-1RA and other anti-inflammatory proteins occur [279].
In a recent report, dogs with unilateral OA of the elbow or knee who received a sin-
gle intra-articular injection of IRAP had significantly improved lameness scores, pain
scores, and peak vertical strength at 12 weeks post-injection, compared to pretreat-

ment values [278].
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4.3 STEM CELL

- Backgroud

Medical advances in the 20th century have radically revolutionized the knowledge
and understanding of many physiological and pathological mechanisms on various
chronic diseases in humans and veterinary field. The study of stem cells goes back a
long time ago , from the first use of the term "stem cell", coined by Ernst Hackel to
describe fertilized eggs in 1868, to the hypothesis that a set of "stem cells" in the
bone marrow, which could differentiate into red and white blood cells, theorized in
1909 by Alexander Maximow. Since that time, the entire scientific community has
undertaken extensive research until 1960, when McCulloch and Till define the key
properties of stem cells by discovering the hemopoietic stem cell in mice. Other di-
scoveries in this field were observed in 1981 when Martin Evans (Nobel prize) and
Matt Kauffman successfully identified, isolated, and cultured embryonic stem (ES)
cells using mouse blastocysts, which were isolated in humans in the late 1990s by
James Thomson [280]. Recently, a significant milestone on stem cells was discove-
red in 2006 by Shina Yamanaka and colleagues, who thanks to their experiment on
murine fibroblasts, were able to achieve cell reprogramming by inducing adult cells
into pluripotent stem cells, generating a new class of cells, today known as induced

pluripotent stem cells (iPSCs) [281].

-Definition and Classification

Stem cells are present in every mammalian tissue and are responsible for growth,
maintenance, and repair at every developmental stage, including adulthood.

By definition, stem cells are undifferentiated cells capable of self-renewal and tran-
sformation into different specialized cells [282]. They are classified by their source
as embryonic (ESC), perinatal (PSC), adult (ASC), and induced pluripotent stem
cells (IPSC) [282]. Considering their phase of development and differentiation, or
their plastic capacity, they are further classified as totipotent, pluripotent, or multi-

potent cells [283]. Totipotent stem cells are present only in a very early embryo pha-
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se during the morula stage before gastrulation starts. They are capable of developing
into all embryonic and extra-embryonic tissues, such as placenta and other annexes.
Subsequent cell divisions during early embryonic development lead to the appearan-
ce of the blastocyst, which has pluripotent ESC activity. ESC can give rise to all tis-
sue cells in the body, with the exception of extra-embryonic tissues and germ cells
[282-284]. With further cell development, pluripotent ESC gradually lose their pluri-
potency and become multipotent. The multipotent stage is characterized by the abili-
ty of cells to differentiate into limited types of specific cells, often depending on their
germ layer origin. During adulthood the cells slowly become more differentiated un-
til they reach a state of unipotence, in order to regulate and maintain the homologous
tissue. Despite adult stem cells are generally multipotent or unipotent, rare popula-
tions of these cells maintain pluripotent quality, and have been identified in some
studies [285,286]. Each type of stem cell has its own strengths and weaknesses with
respect to sample acquisition, expansion in culture, potential applications, and even

more important to note, ethical considerations.
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Figure 4.1: Hierarchical nature of stem cell differentiation. [40]

-Adult Stem Cells

An important alternative to embryonic stem cells are represented by adult stem cells.
These cells are likely present in every tissue and organ system of adult mammals,
existing as tiny populations of progenitors, considered multipotent progenitor cells
(MAPCs), which reside in a defined microenvironment, better known as a "stem ni-
che" [287,288]. This tissue-resident stem cell population, is believed to be the source

of replacement cells, which guide tissue maintenance and repair.

Niche cell

Stem cell Progeny cell

Basement
membrane

Figure 4.2 : Graphic rappresentation of the microenvironmental stem niche. [287]

Adult stem cells can be divided, due to their phenotypic background, into hematopo-
ietic stem cells (HSC) and not hemopoietic stem cells, even know as mesenchymal
stem cells (MSC) and neural stem cells (NSC) [289].

Interestingly, it has been suggested by some authors that bone marrow-derived stem

cells may be the original source of these tissue-resident adult stem cells because in

57



this tissue reside the phenotypical background of whole hemopoietic and not hemo-
poietic source [289-291]. While HSCs can differentiate into different cells of the
immune system, erythrocytes and platelets, MSCs are able to differentiate into cells
of bone, cartilage, ligaments, tendons, fat, skin, muscle, and connective tissue. The
first mention of adult multipotent progenitors cells/MSC dates to 1968 when the
osteogenic population of cells with fibroblast-like morphology was isolated from the
bone marrow [292]. Early studies showed that multipotent stem cells are capable of
differentiating into osteoblasts, chondroblasts, and adipocytes [293]. This leads to
the belief that MSCs show their therapeutic potential through differentiation into tis-
sue cells [294,295]. However, numerous subsequent studies have questioned this,
and today it is believed that the primary mechanism of MSC regenerative abilities ,
reside in their immunomodulatory and tissue repair mechanisms. It is presumed that
perivascular localization of MSC in various tissues plays an essential role in enabling
these cells to detect local or distant tissue damage and respond to it by directed mi-
gration to the site of injury and participation in the healing process [296]. Based on
this, Caplan proposed in 2017 that the term “mesenchymal stem cells” should be
changed into “medicinal signaling cell” (MSC) [297].

Compared to other types, MSCs are recognized as the most promising stem cell type
for therapies, due to the simple procedures needed for their harvest, isolation, high
cell yield upon their harvesting, and the lack of ethical concerns restraint when in

use.

-Mesenchymal stem cells

Mesenchymal stem cells stem cells have been isolated from many tissue in small
animal, such as bone marrow, adipose tissue, synovium, synovial fluid, synovial
membrane, infra-patellar fat pad, umbilical cord, muscle, periosteum, and so on
[298-303]. In their native state, these cells reside in a perivascular location, in which
they are in active communication with endothelial cell and the resident somatic cell
population. This perivascular arrangement constitutes the peri-cellular niche respon-

sible for many of the characteristics of these cells. Because of their perivascular loca-
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tion, some authors have suggested that mesenchymal stem cells are a unique subset
of pericytes-specialized vascular smooth muscle cells that, in conjunction with endo-
thelial cells, are responsible for production and maintenance of the vascular base-
ment membrane during normal tissue homeostasis as well as after vascular disruption
[290,304]. The fact that mesenchymal stem cells reside in a perivascular location li-
kely explains also the reason why these cells can be successfully isolated from many
adult tissues. The morphologic and functional properties of mesenchymal stem cells
are affected by a number of variables, depending on the individual characteristic (e.g.
species of origin, tissue source, donor age), tissue isolation ( adipose tissue, bone
marrow), technique of isolation (enzymatic or mechanic) and culture replication
(oxygen tension, the number of passages) [305-307]. Prockop et al. describe the pre-
sence of two different cells during MSC replication, small rapidly renewing cells,
also called RS cells, and larger, slower replicating cells [291]. The functional proper-
ties of these two cells are different, in general rapidly self-renew cells , the smaller,
are superior to lineage-specific differentiation, while larger cells, which replicate
slowly, do not differentiate as readily as the small one, although both cell types ap-
pear to have the ability to secrete immunomodulatory and trophic agents [291]. To
clarify this issue, according to the publication of minimal criteria of MSC by Domi-
nici et al. in 2006, the Mesenchymal and Tissue Stem Cell Committee of the Interna-
tional Society for Cellular Therapy (ISCT) proposed a set of standards to define hu-
man MSC for both laboratory-based scientific investigations and pre-clinical studies
[308].

In order, mesenchymal stem cells are currently defined as cells that adhere to plastic
flasks or culture exhibiting the typical spindle-shaped appearance, form colonies of
cells from single parent cells when cultured in low- density “clonal” cultures without
media exchange, express a specific set of cell surface marker proteins, that exclude
the cells from hematopoietic lineages, and possess the ability to differentiate into
osteoblast, adipocytes, and chondrocytes (i.e., trilineage differentiation) using defi-
ned in vitro differentiation assays ( figure 4.3). In addition to these in vitro features, it

has been suggested that MSC should require an in vivo production of cartilage, bone,
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and adipose tissue using classic transplantation, as well as an immunomodulation
effect, which should be considered as an additional property of mesenchymal stem

cells.
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Figure 4.3: exemple of bone marrow derived stem cells which have the common characteristic of MSC; (a) adhere in
plastic culture showing typical spindle-shaped appearance, (b) forming colony, (c,d,e) and showing the trilineage diffe-

rentiation ability. [40]

Despite these cells are easily isolated from many different tissue, currently the most
commonly used sources of MSC for stem cell therapies are bone marrow and adipose
tissue. Among these two, adipose tissue is considered an attractive source of MSC
due to the minimally invasive procedure required to obtain a high concentration of
cells. Although MSCs isolated from bone marrow and adipose tissue have similar
surface immunophenotyping and trilineage differentiation, there are important diffe-
rences in terms of proliferation and differentiation capacity, and their secretory profi-
les [298,299,309]. In some studies, canine adipose tissue derived MSC (ADMSC)

were shown to have higher proliferative potential, whereas bone marrow derived

60



MSC (BMMSC) exhibited a higher secretory production of soluble factors and exo-
somes [299,309,310]. Canine ADMSCs were reported to have superior chondroge-
nic and osteogenic potential in comparison to BMMSCs [298,299]. Another potential
source of high chondrogenic potential stem cells could be synovium-derived stem
cells, which appear to have higher potential than ADMSC and BMMSC in dogs
[298,299]. This could be explained by the ability of these progenitor cells to maintain
the homologous tissue, which in this case is the "joint organ". When choosing adipo-
se tissue as a source of MSC, the anatomical site of sampling is also important. Seve-
ral articles in the literature compare the effect of the anatomical site on stem cell cha-
racteristics, however, despite the quality and quantity of cells yielded with visceral
fat appears to be better, according to Bahamondes and colleagues, the subcutaneous
site is currently preferred for ease of collection and proliferative features [311-313].
Since these different properties of MSCs could lead to different successful therapy
scenarios, it will be necessary to explore them more closely in the next future. Cur-
rently, there is no evidence to generally suggest the preferential tissue source of
MSC, although some authors suggest the importance of their use in homologous tis-
sues. Furthermore, while all animal MSCs show plastic adherence and differentiation
potential, not all express the same panel of surface antigens that has been described

for human MSCs [314].

-Role of stem cells and therapeutic potential use.

Although it was initially thought that the efficacy of stem cells was linked to the abi-
lity of these cells to differentiate and replace damaged or diseased tissues, it has be-
come even more evident that the therapeutic properties of MSCs are mainly achieved
through their immunomodulatory functions, which operate in interaction with the
cells of the immune system. The complex immunomodulation activity of MSCs, in-
cluding their paracrine action, extracellular vesicle (ECV) secretion, apoptosis-me-
diated immunomodulation, and mitochondrial and other organelle transfer appear to
be critical to their features. The purported "mesogenic process" of stem cells, that is,
the process by which these cells are able to terminal differentiate into various soma-

tic cells, is no longer considered the main effect. Currently, mounting evidence sug-
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gests that the primary mechanism of action of MSCs is based on paracrine signaling,
which results in functional changes in immune cells [315-317]. Several factors have
been reported to contribute to the immunomodulatory effects of MSC. Among them
are well-established effectors such as transforming growth factor-beta (TGF-f), indo-
lamine-2,3-dioxygenase (IDO), prostaglandin E2 (PGE2), interleukin 10 (IL-10), and
tumor necrosis factor- (TNF) stimulated gene-6 (TSG-6). TGF- is involved in
many different biological process, stimulating proliferation and differentiation of
cells, enhance wound healing, and angiogenesis [318]. It is responsible, together
with stromal cell derived factor 1 (SDF-1) and other chemokines released by dama-
ged tissue, for the migration or homing of these cells, a very interesting mechanism
for many therapeutical uses [318,318]. Futhermore TGF- was shown to induce a
switch from inflammatory (M1) to antiinflammatory/regulatory (M2) state of macro-
phages and, in association with indolamine2,3- dioxigenase (IDO), actively partici-
pates in the modulation of the induction of the regulatory T-cells (T-regs)
[320-323].This modulation lead to T and B cells cycle arrest , associated with inhibi-
tion of T-cell, B-cells and natural killer (NK cells) proliferation and activation [324].
Apporting of inteleukine 10 is translate as antiinflammatory effect, which guide the
immunomodulation effect arouse with the other chemokine [325]. These paracrine
effect is not the solely limited to the secretion of soluble factor, since these cells have
the ability of transfer various molecules through the extracellular vesicles (ECV).
The ECVs are responsible of miRNA, mRNA, protein, and mitochondria transfer,
which is very important activity of stem cells and the main activity of stromal vascu-
lar fraction too [326,327]. The effects of these vesicles seem to be similar to those
exhibited by MSC themcells, by enhancing and up regulate and mitigate the immu-
nomodulation and antinfiammatori effect [328,329]. MSC derived ECVs were repor-
ted to be beneficial in many different treatment, such as osteoarthritis [330]. ECVs
represent the potential to exploit MSC effects in a cell-free manner, with the main
advantage being the avoidance of possible MSC side effects such as immune respon-
se and pulmonary embolism upon intravenous (IV) application of MSC [327]. The

modulation of apoptosis by MSCs plays an important role in the immunomodulatory
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effect. During the phagocytic clearance of dying cells we have the resolution of the
inflammation and the restoration of the function of the damaged tissue but also a
consequent adaptive and immune response in the inflamed tissues [331]. A recent
study, conducted by Luk et al, suggests that the immune response after MSC admini-
stration does not depend on their active immunomodulatory activity but provided by
other cells, triggered by the presence of MSC [332]. Other evidence also shows that
innate immune cells are instrumental in mediating the MSC effect [333]. In addition
to their complex immunomodulation mechanisms, one of the main advantages of
MSC-based therapies is their ability to home damaged tissue. This homing propriety
is closely related to chemical factors such as chemokines, cytokines and growth fac-
tors. One of the major chemical factors involved in MSC migration is stromal cell-
derived factor 1, a chemokine released from damaged tissue, which sends chemo-at-
tractive signals to cells expressing specific membrane receptors [334]. Upon activa-
tion, MSCs can easily express and translocate these receptor molecules to the cell
surface, allowing them to follow the migration cues [335,336]. These mechanisms
provide the ability to use stem cells in a systemic way such as intravenouse , intrarte-
rios, intreaperitoneal and so on. IA application of MSCs by administering autologous
BMMSC:s via the hepatic artery in a canine model of hepatic fibrosis [337]. Intraperi-
toneal (IP) administration of MSC is rarely used, but potentially allows reaching in-
tra-abdominal sites, appearing relatively safe [338]. IP administration of MSC has
also been shown to be useful in the treatment of bladder detrusor deterioration in rats
and in inflammatory bowel disease in mice [339,340]. Additionally, the IP approach
was recently used to inject Neo-islets, ADMSC aggregates, and pancreatic islet cells,
in an FDA-led pilot study in insulin-dependent diabetes mellitus in companion dogs.
The results showed good grafting, redifferentiation, insulin production, resulting in a
reduction in clinical signs in the treated dogs, without triggering an auto or alloim-
mune response [341].

MSCs are currently considered capable of altering the course and consequences of
many chronic diseases, through the activation, enhancement and modulation of many

different tissue pathways (Fig. 4.4).
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Figure 4.4: raffigurato of the main modulation effect of cultured mesenchymal stem cells [346]

However, it is important to note that many patients treated with these cells suffer
from acute or chronic inflammatory diseases, which means that an inflammatory en-
vironment is likely to be present in vivo when administered. Some authors suggest
that this eviroment may hamper the viability and efficacy of MSCs [342,343, 363].
To deceive this issue, the proposed solution has been the preconditioning of cells
with pro-inflammatory cytokines during culture. Priming MSCs with IFN-y before
treatment was proposed and might enhance the interaction between MSCs and B-
cells. Luk and colleagues demonstrated that MSCs preconditioned under pro-in-
flammatory cytokines significantly reduced B-cell proliferation through induction of
indolamine 2,3-dioxygenase (IDO) activity. , while MSCs grown under normal con-
ditions increased the percentage of B-regs, without influencing their proliferation.
Even preconditioning of ECVs has also been shown to be beneficial for their thera-
peutic effectiveness. Recently it was reported that ECVs from canine MSCs, precon-
ditioned with antiinflammatory cytokines, enhanced macrophage polarization and
generation of Tregs in murine colitis [344]. Despite this scenario, pretreatment with

IFN-y may also significantly regulates expression although of genes involved in
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apoptosis, reflecting in severe negative influence on MSC [345]. Neverless a recent
study demonstrated that equine ADMSCs are compromised in an inflammatory envi-
ronment, altought the preconditioning increased ADMSCs proliferation potential and
osteogenic differentiation, can negatively affected cells’ viability, engraftment, chon-
drogenic and adipogenic differentiation potential [342]. Conflicting results from va-
rious MSC preconditioning studies suggest that beneficial effects should be carefully
considered, underlining the importance of further studies to elucidate the potential

positive effects of such preconditioning.

- Clinical use in canine OA

Although there are thousands of experimental publications on this topic, fewer are
representative of spontaneous diseases in small animals, and much smaller if look for
owned-patients. Most publications on dogs are directed to the therapeutic use of the-
se stem cells in cases of induced or spontaneous cranial cruciate ligament rupture
[347-350]. This rupture is normally associated with varying degrees of osteoarthritis
and is considered the most common cause of lameness in adult dogs, which explains
the amount of publication on this topic [119,173,351]. Currently, the recommended
therapy is a surgical correction, although the latter normally cannot stop the perpe-
tuation of degenerative joint disease at all [173,352]. Positive treatment results from
several studies highlighted the value of MSC use in this condition. Taroni and col-
leagues, in a recent pilot study, demonstrated that the level of lameness and postope-
rative pain after a single intra-articular injection of allogeneic BMMSC could be a
viable alternative to the 1-month course of oral administration of non-steroidal anti-
inflammatory drugs (NSAIDs) in dogs previously undergoing to tibial plateau leve-
ling osteotomy (TPLO) [350]. Another clinical research by Miur and colleagues
(2016) concluded that intraarticular or intravenous post-operative injection of auto-
logous MSCs in dogs with the same ligamentous condition resulted in a decrease in
CD8 + T cell level, decrease in serum and synovial CPR, and synovial decrease IFN-
v levels that normally persisted for 8 weeks after BMMSC injection [348]. Some au-

thors suggest promising results in nonsurgical partial cruciate ligament ruptures by
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associating autologous BMMSC treatment with PRP, which appears to provide pre-
vention of progression of further degenerative joint changes [349].

Another broad publication topic on orthopedic disease in which mesenchymal stem
cell therapy has been primarily evaluated to date, is the spontaneous canine osteoar-
thritis [354-358]. Several studies in dogs demonstrated that MSC administration into
the OA joints decrease the patients’ discomfort and increase their functional ability.
In 2007 Black and colleagues evaluate the effect of single injection of stem cells in
18 dogs with osteoarthritis of the hip. Despite limited information on the cell proces-
sing methods was provided, it was reported a significant improvements in lameness
and limb function [353]. In a follow-up study the same authors evaluated the effect
of a single intra-articular ADSCs in 14 dogs with chronic osteoarthritis of the elbow
joint. This multicenter case series did not utilize a control group and followed dogs
subjectively for 6 months after treatmen [354]. As with the prior publication, scant
information was provided regarding the cells. Authors concluded that clinical outco-
mes after therapy improved 30% to 40% compared to baseline. Although these resul-
ts are encouraging, they should be interpreted with caution given the small patient
numbers, omission of cell data, lack of control group in one study, and the use of su-
bjective assessment methods alone to assess efficacy. Significant improvement of
MSC therapy for treating osteoarthritis has also been shown with the use of alloge-
neic ADMSCs in 74 dogs in a prospective, randomized, masked, and placebo-con-
trolled study, no adverse effects were reported, and efficacy in reducing clinical signs
was shown in comparison to the placebo group [355]. Another extensive study per-
formed on 203 dogs with severe osteoarthritis, causing severe chronic pain, and la-
meness, results showed excellent improvement in 90% of young dogs and good im-
provement in 60% of older dogs 10 weeks after the treatment [356]. Olsen and col-
leagues in a 2019 pilot study of canine elbow OA evaluated the efficacy and safety of
intravenously administered ADMSCs suggesting that this therapy represents a safe
treatment with significant patient pain relief. The association between adipose-deri-
ved stem cells and PRP in the treatment of osteoarthritis was also evaluated in a re-

cent controlled group study of 17 dogs, resulting in statistically better pain control
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without no statistical differences on gait analysis. The authors suggest resetting the
PVF baseline cut-off as a limitation for a new prospective study [359]. Currently, the
know-how of the global literature on the use of stem cells in osteoarthritis suggests in
veterinary medicine, as well as in humans, a significant statistical improvement in
pain control assessed by the owner or by personal questionnaire or clinical evalua-
tion, althought it wasn't showed a greater effect on cartilage restoration (MRI or arth-
roscopic evaluation) or other improvement of objective gait analysis has been shown

[360].

Current Concerning and Limitation

There are currently several limitations regarding the use of mesenchymal stem cells,
including gaps in basic scientific knowledge, inherent variability in these cells, risk
of contamination, with regard to long-term safety, optimal dose and time of adminis-
tration, quality control and production (e.g. promotion of some oncogenic effects),
effect of manipulation and preconditioning, and the lack of strong evidence which
support the efficacy of mesenchymal stem cell therapy in animals with properties
associated with the statistical outcome limit in pain control, which can be partially
representative of a placebo effect whose result was between 39.7% and 79% in dogs

in some clinical veterinary studies [361,362].

4.4 Stromal Vascular Fraction

Since its first clinical use we have witnessed an exponential increase in the literature
on Mesenchymal Stromal Cells (MSCs) in the last twenty years, as briefly reported
in the previous chapter. In parallel with the advancement of knowledge about these
cells, numerous studies have been initiated to evaluate the characteristics and proper-
ties of crude tissue isolates, as well as its clinical uses, for example, bone marrow
concentrate, derived from bone marrow aspiration, and stromal vascular fraction de-
rived from adipose tissue [364-367]. The latter tissue, due to the minimally invasive
procedure necessary to obtain it and the high quality characteristics demonstrated, is

considered one of the best sources of stem cells for culture or crude tissue use
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[17,298,299,364,367,386] . The Stromal Vascular Fraction is often considered syno-
nymous with the perivascular niche, responsible for regeneration, secretion of growth
factors, inflammatory modulation and maintenance of damaged tissues in adulthood
[369,370]. Therefore it could be considered as the matrix or tissue component of
adult mesenchymal stem cells [370].

Considered by many Authors as the "niche matrix" of many tissues, it is often used to
define specifically the adipose tissue. Autologous adipose tissue has been used as
intact lipo-aspirate (lipofilling), enzymatically derived Stromal Vascular Fraction
(SVF), and mechanically Micro Fragmented Adipose Tissue (MFAT). The difteren-
tial use of these three tissue preparations, has demonstrated quite different "regenera-
tive properties" in the literature [371,372]. Vezzani and collegues, has demonstrated,
for example, that MFAT preparations are significantly more productive in the release
of grow factor and cytokines concomitant with notably superior effects on repairing
tissues, induction and modification of immunomodulatory activity and in supporting
vascular angiogenesis [372]. The current literature also provides evidence that tissue

or cellular treatments beyond a ‘minimal’ mechanical manipulation of adipose tissue,

such as enzymatic dissociation, leads to a different gene expression pattern and exo-
some content of the MSCs [378-380].

Since its first use, describe by Coleman in 1990, as the ideal filler in plastic surgery ,
the crude lipoaspirate or lipograft has been used for many other disease [373-374].
The rationale for the Coleman technique has been attributed to the importance of
maintaining the perivascular niche environment. These pericytes and other periva-
scular cells play the key role in the regenerative effect, providing immune and anti-
inflammatory modulation to restore and repair damaged tissue [375]. Lipostructure
grafting, reported as the Coleman method, requires adipose aspiration and subse-
quently centrifugation, which allows to discharge the oil, and obtain the purified li-
poaspirate. This technique has the advantage of rapid and inexpensive isolation with
good viability (50-70%) of cells. On the other hands, it needs an elevate standard of
procedures (SOP), with moderate risk of contamination, minimizing the damage to

the perivascular environment, and maximize the regenerative effect [376].
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Intact centrifuged lipoaspirate was recently used for a clinical study that included 22
client-owned dogs affected by spontaneous osteoarthritis [377]. The Authors evalua-
ted the efficacy of a single intra-articular infiltration of lipoaspirate graft with 180
days of follow-up, concluding a statistical improvement in pain control whithin the
group, and suggesting a better clinical outcome when the elbow joints were treated
[377]. It is crucial to note that these evidence must be taken with care, due to the lack
of a control group, the small cohort of patient , and the different size of the treated
dogs, which can vary the vertical impulse during gait analysis.

Advances in biomaterials and new technologies provide a novel system that enables
mechanical fragmentation of tissue to be achieved with minimal manipulation, sup-
porting cell viability. Today, many different devices are available on the human mar-
ket for mechanical fragmentation of adipose tissue and subsequent clinical applica-
tion. One of the most investigated devices in human and veterinary literature is un-
doubtedly the Lipogems® adipose micro fragmentation system. Lipogems® system
provide to obtain rapidly small groups of "adipose" cluster which maintain an intact
perivascular environment by means of mechanical shock induced by ball bearings.
The efficacy of Lipogems® has been studied for numerous spontaneous or experi-
mentally induced clinical pathologies. In 2018, a multicenter study conducted by
Zeira and colleagues on 130 dogs with OA, reported the efficacy and feasibility of
Lipogem®, validating this system in canine species. Although the conclusion sug-
gests safe, easy and good pain control over a 6-month follow-up, and the big sample
size of dogs, this study sadly lacks a control group and relies solely on poorly objec-
tive clinical evidences [381]. Despite this, it is certainly interesting to further explore
this system in the canine species in the next future.

Another interesting device introduced in recent years is represented by the “Rigene-
ra® micro-grafting technology” (Human Brain Wave LLC, Turin, Italy) [36].

Rigenera® technology embraces the tissue skin micrograft theory conceived by Ci-

cero Parker Meek at the University of South Carolina Aiken in 1958 [382].

The original micrograft proposed by Meek, is based on increasing the surface of a

skin graft fragmenting it into smaller parts, providing the possibility of covering a
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larger wound than the original donor site. This technique, despite some limitations, is
currently used in cases of burning or severe skin loss [383]. The main objective in-
troduced with Rigenera® system is to mechanically disaggregate tissue with a cali-
brated size of 80 mm, collecting autologous micrografts enriched in progenitor cells,
growth factors, and particles of extracellular matrix derived from the patient’s own
tissue [36, 386]. The real strength of this technology is the great flexibility of use, as
it might potentially rapidly disaggregate any type of soft tissue in a single surgical
time, in order to obtain a micrograft rich in progenitor cells and growth factors, whi-
ch can be rapidly uses. Clinically, these micrografts have been applied in many diffe-
rent fields of human medicine such as dentistry, dermatology, orthopedics and espe-
cially wound care [387-394]. This latter field is currently the one in which Rigene-

ra® technology has been extensively studied with very interesting results.

Given the flexibility of its tissue source, many authors have suggested the use of Ri-
genera® system to deliver the micro-fragmented adipose tissue graft (MFAT) [17,
385,386]. Considering the possibility of obtaining the stromal vascular fraction from
adipose tissue, a recent publication in 2019 compared the mechanical methods Rige-
nera® and Lipogems® by comparing them with the enzymatic gold standard in an in
vitro model. The Authors evaluated the differential cell cluster (CD) gene expression
and the trilineage differentiation capacity after 72 H, concluding that Rigenera® de-
monstrated superior differentiation compared to Lipogem®, with a better immuno-

modulatory effect if compare to enzymatic SVF.[17]

Historically, interest in small animal stem cell therapy has mainly been driven by
commercial suppliers and pet owners, which in some cases has led to unrealistic ex-
pectations regarding treatment outcomes. However, the amount of interesting clinical
evidence reported in recent years and the potential of Rigenera® technology, genera-
te a deep curiosity for a new experimental evaluation for various chronic diseases,

even in small animals.
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The following research aims to validate Rigenera® system for the disintegration of
adipose tissue in the canine species, in order to evaluate the effectiveness of intra-
articular injection of micro-fragmented adipose tissue (MFAT) for the treatment of
spontaneous osteoarthritis by comparing the use of hyaluronic acid, currently consi-

dered standard of care for intra-articular the treatment of OA.

EXPERIMENTAL RESEARCH

The aim of the study

The study that will be discussed below consists of two related objectives. The first
part of the research was aimed to evaluate the efficacy and validate, through a in vi-
tro study, the use of the Rigenera technology in the canine species, given the lack of
scientific evidence on this novel system. This preliminary study was followed by a
prospective, randomized, controlled, blinded in vivo clinical study, which evaluated
the efficacy of intra-articular infiltration of adipose SVF in the treatment of sponta-
neous osteoarthritis in dogs. Specifically evaluating clinically pain and lameness, the

radiographic progression of osteoarthritis and the synovial fluid inflammation.

PRELIMINARY /N VITRO RESEARCH

Materials and Methods

-Canine enrollment and tissue sampling

Six adult dogs, subjected to euthanasia for non-research causes, were provided and
selected by the intensive care service of the Veterinary Teaching Hospital of the
University of Camerino. Each dog was selected based on inclusion and exclusion
criteria, which comprehended subjects aged 1 to 15 years, weighing 5 to 60 kg, with
no race or sex restriction, with adeguate adipose tissue coverage, whose cause of
death was unrelated to cancer, and without an history of oncological diseases.

Two samples of approximately 10 grams of adipose tissue were taken sterile from
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each dog. Sampling was performed at two different anatomical sites, one from the
thigh region, distal to the greater femoral trochanter, and one from the paralumbar
region, basically on the lumbar midline, above the V lumbar vertebrae (fig.1). Each

sample was taken using a lipoaspiration technique.

Figure 1 : (a; b) imagine of adipose tissue sampling from thigh region, and from lumbar region (c; d)
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-Lipoaspiration technique:

This technique is routinely used in plastic surgery for aesthetic roles and provides
isolation and collection of adipose tissue at the body's storage site. This technique
requires two surgical steps. The first step allows for tissue preparation and facilitates
tissue isolation by inoculating liposuction solution. The latter is called Klein's solu-
tion, which is a solution of crystalloid fluid (NaCl or Ringer) enriched with lidocaine
and adrenaline, that have an analgesic and hemostatic effect. The usual concentration
of tumescent solution is 0.05% lidocaine and ¢ 1: 1,000,000—1.5: 1,000,000 for the
adrenaline. Surgical skin preparation is mandatory, so an incision was made with a
15 scalpel blade. After the latter, the solution was inoculated with a 4 mm blunt infil-
tration cannula. Subsequently, aspiration was performed using the appropriate lipo-

suction cannula connected with a 50 mL Luer-lock syringe with negative pressure

(fig.2).

Figure 2 : lipoaspiration technique using lipoastiration blunt cannula [381].
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-Rigenera® technology

The Rigenera® mechanical disintegration system (CE Class I certified, Human Brain
Wave, Turin, Italy) is a medical device that allows to obtain in a standardized way,
with high reproducibility and minimal manipulation, micro-grafts starting from diffe-
rent tissues readily available for clinical practice.The micro-grafts obtained are cha-
racterized by a size of about 50-70 microns, which allows them high cell viability
and cell nutrition by simple interstitial diffusion. The Rigenera® system consists of a
motorized apparatus that generates a rotation of the blade inside of the proper sterile
capsule (Rigeneracons®), which allows the tissue mechanical disintegration (fig.3
a,b). Each Rigeneracons® consists internally of a helical blade managed by the elec-
tric motor, which makes it rotate at 80 rpm, allowing precise, uniform, and constant
tissue fragmentation.

Furthermore, at the end of the helix, there is a metal filter containing 100 holes about
50y, each equipped with 6 micro-scalpel blades. The disintegrated and filtered tissue
is collected at the bottom of this capsule, where, thanks to a syringe fitting, it is pos-
sible to aspirate the micro-graft preparation for the use. The main study report dermal
and adipose tissue micro-grafting isolation using this system in literature. Basically
the tissue inserted inside the capsule, must be previously manually sectioned by the
surgeon to obtain a size of about 2 mm ( dermal tissue), or it must be aspirated and

inserted as it is, which happens for the adipose tissue after lipoaspiration technique.
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Figure 3: (a) motorized apparatus of Rigenera® system;(b) Rigeneracons® sterile capsule.
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-Processing of adipose tissue and culture collection:

The lipoaspirate sample was divided into two portions: 4 gr were treated with the Ri-
genera® method, 4 gr with enzymatic digestion using collagenase.

In the Rigenera® capsules, was inserted 4 ml of lipoaspirate and 4 ml of complete
culture medium Dulbecco Minimum Essential Medium (DMEM) (Sigma-Aldrich,
Italy). This medium contains 10% fetal bovine serum (FBS), 1% of a mixture of pe-
nicillin/streptomycin, and 0.5% amphotericin B.

The Rigenera® device was used for 60 seconds, which is the recommended time for
this use in human medicine, a time which provides the entire processing of the tissue
inserted in the capsule. The cell pellet collected at the bottom of the capsule was
aspirated with a syringe, filtered through 70 pm pores, and subsequently centrifuged
at 3000 rpm for 7 minutes. The supernatant obtained was discarded and the cell pellet
resuspended in 6 ml of complete medium, seeded in a 25 cm? cell culture plate, and
incubated at 37 © C and 5% CO2 for 45 minutes.The second portion of lipoaspirate
was treated with enzymatic digestion, using collagenase. The 4 ml of the sample
were digested with 1 mg/ml of type I collagenase, resuspended in saline solution
(HBSS) and 2% bovine serum albumin (BSA) and subsequently incubated at 37 © C
for 45 minutes. The enzymatic action was neutralized by adding complete medium,
then the sample was centrifuged at 3000 rpm for 7 minutes. The supernatant was di-
scarded and the cell pellet was incubated with 3 mL of 160 mM NH4Cl at room tem-
perature for 10 minutes for erythrocyte lysis. After centrifugation, the cells were re-
suspended in 6 ml of complete medium, filtered through 70 um pores, seeded in a 25
cm? cell culture flask with complete culture medium and incubated at 37 ° C and 5%
coz.

The medium was renewed for the first time after 72 hours (cell passage 0 = p0) and,

subsequently, every 48 hours (cell passage 1 = pl; cell passage 2 = p2).
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-Morphological analysis, Growth curve and Clonogenic capacity:

The morphological analysis of the preparation obtained with the Rigenera® and En-
zymatic systems was performed by observing the cells under an optical microscope
(Optika Microscopes, Italy). Cell viability was assessed by the Trypan Blu test. To
obtain the cell growth curve, 2x104 cells were seeded (in T25 flasks) for each treat-
ment and the days required to reach plate confluence were evaluated. Upon reaching
confluence, the cells were detached from the dish by incubation with trypsin-EDTA
1% (GIBCO Life Technology, USA) at 37 °© C for 5 minutes and subsequently reso-
wn in 75 cm? cell culture flasks.

To evaluate clonogenic capacity, 5,000 cells were seeded in Petri dishes and cultured
with a complete medium. After 10 days, the total number of cell colonies was detect-
ed and counted, highlighted by the blue toluidine stain. Groups of at least 50 adher-

ent and fibroblast-like cells were considered as colony-forming units (CFUs).

- Immunophenotypic Characterization:

After isolation, the cells were counted and 2x105 cells were placed in a tube for flow
cytometric analysis.The pellet was washed with 1 mL of PBS and then labeled with
antibody conjugated with fluorescent dye in a final volume of 100 pL. The sample
was then incubated for 30 minutes on ice. The antibodies examined were: CD90 con-
jugated with APC (dilution 1: 5), CD73 conjugated with BV421 (dilution 1:20);
CD44 conjugate BV785 (dilution 1:20), CD34 conjugate PE (dilution 1: 5).

After incubation, the pellet was rinsed, resuspended in 300 pl of PBS, and transferred
to flow cytometry tubes. Immunophenotyping was performed through a FACS II
chant (BD, Becton Dickinson, Italy).
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Results

We noticed differences between the isolation of the technique by liposuction; in the
lumbar site, the adipose tissue was, in fact, easily isolated, providing a good amount
of tissue in a single surgical step, while in the thigh region the isolation of the tissue
was very demanding and required more than one surgical approach.

The number of cells obtained by the Rigenera® treatment was 2.29x105 £+ 7.86 for the
thigh area and 2.23x104 + 1.2 cells/ml for the lumbar area, while the number of cells
obtained after enzymatic digestion was 5.51x105 £ 1.47 for the thigh and 9.33x10% +

3.3 cells/ml for the lumbar region(fig.4).

SEDE DI PRELIEVO RESA CELLULARE (%)
DEL TESSUTO ADIPOSO (RIGENERA vs DIGESTIONE ENZIMATICA)
LOMBARE 23,93+2,5
COSCIA 41,62+1,3
a b
EK!UH E;[“v‘ I
lombare R lombare ED o cosda R coscia ED

Figure 4 :Comparison of cell yield expressed in% between Rigenera® and collagenase. a) Comparison between the
number of cells obtained from lumbar samples treated with Rigenera® and the enzymatic method. b) Comparison

between the number of cells found in the thigh area after treatment with the Rigenera® and enzymatic method.

Considering the cell yield, obtained from enzymatic digestion, as 100%, the cell
yield obtained by mechanical disaggregation of the adipose tissue with Rigenera®,
was about 41% for the thigh, and about the 24% for the lumbar region. By compa-
ring the two isolation sites, the cell yield of the lumbar area was resulted 9.7% and
17% lower than the thigh, for the mechanical and enzymatic treatment

respectively(fig.5)
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Figure 5: Cell replication rate from the lower back and thigh. The cells obtained from the thigh have a major fac-

tor.

The first dish confluence was reached, for the thigh tissue, at 8 = 1 for Rigenera®
and 7 = 1.3 for Enzyme Digestion respectively, before the cells extracted from the
lumbar area (Figure 6b). Through the microscopic study of cell replication, we noti-
ced a difference, already in the first cell passage, between adipose tissue of the lum-

bar region and of the thigh, showing a greater replication rate for the latter.

Rigenera ED

lombare

coscia

Figure 6 : Cell morphology. a-c) lumbar and thigh cells obtained with Rigenera®; b-d) lumbar and thigh cells obtained

with enzymatic digestion.
Figure 6 shows the cell morphology under the microscope after the first renewal of

the medium (p0). In these images it is possible to see that the Rigenera® treatment (a

and c) did not affect the cell morphology, while the cells obtained from enzymatic
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digestion (b, d), show a homogeneous fibroblastic-like morphology. It is also impor-
tant to note that no signs of suffering of the cellular structures were observed. Despi-
te the mechanical disaggregation in fact the membranes and nuclei were well preser-
ved both in the cells extracted from the lumbar area and from the thigh.

For each sample processed, good foramant colony units (CFU) were also hi-
ghlighted, expressing the clonogenicity and plastic capacity of these cells.

Figure 9 represents the CFU detected by toluidine blue staining after 10 days from
treatment with Rigenera® (Figure 18a thigh, 18b lumbar) compared to enzymatic di-
gestion (Figure 7c¢ thigh, 7d lumbar). The images show that the cells obtained with
Rigenera®, isolated from both the thigh and the lumbar area, are able to grow for-
ming clusters and these colonies are likely comparable to those obtained by enzyma-

tic digestion.
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Figure 7. Cell micrograph 10 days after treatment with Rigenera® from the thigh (a) and lumbar (b). Cell micrograph

of collagenase-treated cells from the thigh (c) and lumbar (d). (e) Arrangement of cell colonies on a petri dish.

Colony-forming unit (CFU) assays were performed on cells obtained from Rigenera®

treatment and enzymatic digestion.
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Finally, the presence of Mesenchymal Stem Cells in the product was detected throu-
gh a p2 immunophenotypic test. Based on the size, shape, and internal structure of
the cells, MSCs, such as those presented in the scatter diagram, can be selected, whi-
ch is used as a method for identifying their present in the analyzed samples (Fig. 19).
With the Rigenera® treatment, about 87% and 83% of the cells present as MSC in the
thigh and lumbar area respectively were selected (Figure 19 a, b), data comparable to

those obtained from enzymatic digestion (Figure 8 c, d).
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Figure 8. Scatter diagram of MSCs. a-b) thigh and lumbar cells received from the Rigenera® treatment; c-d) thigh and

lumbar cells with collagenase.

Subsequently, specific antigens were tested on the previously selected cells. In p2,
the cells isolated with the Rigenera® mechanical method show a medium / high ex-
pression of the surface markers specific for MSC CD90, CD73, CD44, while the he-
matopoietic marker CD34 was poorly expressed (Figure 9 a, b). Furthermore, no dif-

ferences in marker expression were found between the thigh and lumbar regions.
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Figure. 9. Expression of CD surface markers of mesenchymal stem cells.

Discussion and Conclusion

Results of our study were found to be totally overlapping with the evidence of the
study performed on a human model [386]. Both isolation sites assessed in the dog
were found to be equivalent, concerning the enzymatic method, in terms of conserva-
tion of cell morphology, the ability of the elements present to grow and form cell clu-
sters, and expression of cell-specific MSCs surface markers. However, the adipose
tissue isolate from the thigh region has higher cell yield, faster replication rate, and
more mesenchymal stem cells in dogs, as in humans being. While there are, undoub-
tedly, some peculiarities which leads to prefer the tight region for isolation, it is to be
noted that this surgical site brings many problems during lipoaspiration and might be
very challenging, due to the reduced fat reserve in dogs. In fact, with the same adipo-
se tissue, more than one surgical approach was required, and this led the Author to
prefer the lumbar site for the subsequent in vivo study. It is important to note that
specific dog breeds (Amstaff, Pitbull, Bull Terrier) were characterized by a marked
muscular tropism of the thigh, which generates a very poor availability of adipose
tissue; even in subjects with a low Body Condition Score (BCS), adipose tissue in
the thigh region was found to be absent or insufficient to perform the procedure, un-

like humans in whom the sub-trochanteric area is also a source of tissue adipose pre-
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sent in underweight patients. In addition, the thigh area, in the canines, is more prone
to trauma or slowed healing than the lumbar, due to the greater strain stress in which
the tissue is subjected during movement, and to the lateral decubitus position which
might easily create morbidity for this procedure.

Despite preliminary in vitro evidences of the successful isolation, preservation, pla-
sticity features and stem capacity of adipose graft, there are lacks of knowledge
about the concentration of growth factor, interleukins, and other cytokines, which are
responsible for paracrine effect, likely consider the main role of these therapies
[379,380,388,389,390,394]. Undoubtedly this aspect will certainly have to be deepe-
ned and implemented in a second phase. In conclusion, the Rigenera® system proved
to be an excellent system compared to the enzymatic method to obtain a Stromal Va-

scular Fraction ready for use in the canine species.

IN VIVO RESEARCH : Treatment of spontaneous ostheoartritis with micro-fragmen-

ted adipose tissue obtained with Rigenera® in dog

Introduction and Study Design

The following research is a prospective study which aims to evaluate the effective-
ness of intra-articular injection of micro-fragmented adipose tissue (MFAT) provides
with the Rigenera® system for the treatment of spontaneous osteoarthritis, by compa-
ring the use of hyaluronic acid (control group), currently considered an intra-articular
standard of procedure for OA.

The designed study was approved by the ethics committee responsible for animal
welfare of the University of Camerino (O.P.B.A. protocol 1D580.18A).

A list consisting of 40 lines, randomly divided into the RIGENERA group and the
HYALURONIC group, was created using QuickCalcs, a computerized random num-

ber generator (http://www.graphpad.com/quickcals/randomN1.cfm).

To avoid research bias, the list was not consulted by the radiologist and clinical pa-
thologist who examined the cytology and processed the synovial fluid for quantitati-

ve analysis of cytokines. This list was among other things consulted by the surgeon,
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who used to perform the liposuction, and by the clinical examiner, such as the owner,
who could easily saw the trichotomy of the surgical procedure in the RIGENERA
group. Therefore the clinical project developed was designed to obtain a prospective,

randomized, controlled, blinded in vivo study.

Material and Methods

-Eligibility Criteria :

Owned-dogs suffering from osteoarthritis lameness referred at the Veterinary Tea-
ching Hospital of the University of Camerino were selected and enrolled for the fol-
lowing prospective research. Eligibility criteria included dogs aged 1 to 15 years,
with no weight and sex restriction, belonging to the ASA 1-2 anesthetic risk class, in
the absence of comorbidity, pregnancy or lactation, affected by osteoarthritis lame-
ness manifesting in one joint, in the absence of osteoarthritis in other joints of the
same limb, belonging to radiographic grade OA between 1 and 4 (according to a mo-
dified Kellgren -Lawrence scale), and who had not received anti-inflammatory drugs

nor nutraceuticals in the 15 days prior to treatment and during the whole study time.

-Clinical Trial Procedures:

Dogs were randomly divided into equal groups, a study group (Rigenera® group) and
a control group (Hyaluronic group), which differ only for the intra-articular therapy.
The clinical trial was started (TO) into a first part, carried out by a graduate student,
in which anamnestic data and the owner's perception of pain were collected, provi-
ding and asking them to fill out the Canine Brief Pain Inventory questionnaire.
General and orthopedic specialist visit were carried out by a specialist clinician later,
who filled out a clinical card, assessing the degree of ambulatory and stance lame-
ness, arthralgia and the visual analogue score of pain (VAS).

After clinical evaluation in awake patients, the radiographic examination was carried
out under anesthesia to confirm and grading the osteoarthritis; at the same time, cli-

nical measurement of the circumference of the affected limb and the range of motion
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(ROM) of the joint was performed. During sedation, a trichotomy of the affected
joint was executed, and synovial fluid was collected by arthrocentesis. The synovial
fluid was divided into two aliquots, a part useful for qualitative cytological analyzes,
and a part preserved to quantify the concentration in synovial cytokines. Each patient
followed the same anesthesia protocol for radiographic, intra-articular therapy, and
synovial evaluation, reported in the proper paragraph. The clinical procedure, radio-
graph, and synovial fluid assessment were performed and repeated for a short term
follow-up, after 30 (T1) and 60 (T2) days in both groups. At time 0 the entire study
population was treated with a single intra-articular injection, using hyaluronic acid or
Rigenera micro fragmented adipose tissue graft according to the designated group.
After 180 days (T3) the cohort of patients was re-examined for a long term follow-up
to collect data relating to the perception of pain by the owner, through the CBPI, and
a subsequent last orthopedic specialist visit, without performing sedation, useful for
the evaluation of the synovial fluid and radiographic study. This designed procedure

were reported graphically in the following figure (fig.10).
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Figure 10 :Summary and timing of the clinical trial procedures

Anesthesiological Protocol :
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Patients were sedated with dexmedetomidine 3pg/kg and metadone 0.2 mg/kg IM
and then anesthetized by propofol 2—3 mg/kg IV ad effect until tracheal intubation
was achieved. Anesthesia was maintained by isofluorane 1.2% for the necessary time

of the procedure.

Control Group Therapy:

The treatment dedicated to the control group involved a single injection (TO) of high
molecular weight (650 KDa) hyaluronic acid, using Hyalgan® 20 mg / 2mL (fig.11).
The dosage of the product has been optimized concerning the affected joint and the
patient's build, so as not to over-extend the joint capsule, causing pain in the days
following the treatment. The procedure was performed while maintaining generally a
single administration of the 1- 1.5 mL of the intra-articular product as the gold stan-

dard.

Figure 11 :Hyaluronic acid used for the control group .

Study Group Therapy:

For the patients of the Rigenera® study group, after anesthesia, a trichotomy was per-

formed in the region of the lumbar spine, indicatively taking the fifth lumbar vertebra
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as anatomical reference. Each dog was placed in sternal recumbency, and an antisep-
tic skin preparation at the surgical site was performed. After a normal sterile dres-
sing, the surgeon performed an incision with a 15 scalpel blade, which allowed the
use of the 2,8 mm blunt infiltration cannula (fig.12 a). The preparatory infiltration of
the adipose tissue was performed using a surgical fanning technique on different pla-
nes, taking care to obtain a homogeneous infiltration of the tumescent Klein’s solu-
tion into the underlying fat. After few minutes a 3.8 mm blunt liposuction cannula
was used, equipped with a 50 mL Luer-Lock syringe under suction (fig.12 b); the

same surgical fanning technique was performed during lipoaspiration (fig.13).

Figure 12 :(a) 2.8 blunt infiltration cannula, and (b) 3.8 blunt liposuction cannula.
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Figure 13 : Surgical lipoaspiration procedure.

Once the adipose tissue was obtained, it was homogenized and mixed between two
syringes connected via a three-way stopcock. The subsequent procedure required a
resting phase of the tissue, in order to achieve a separation of the liquid part from the
adipose part, which was brought into suspension. The liquid part was subsequently
discharged and the homogenized adipose tissue was inserted into the proper Rigene-

raCons® (fig.14).
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Figure 14: homogenized adipose tissue before micro-fragmentation.

At this point the capsule was activated by the surgical motor for 60 seconds, until
reaching power of 80 RPM, allowing the processing of the entire tissue through the
Rigenera® micro-blades located in the sterile capsule. Once the procedures were per-
formed, the syringe was connected to the proper fitting port of the RigeneraCons®
obtaining a micro-fragmented adipose tissue graft (MFAT) (fig.15). MFAT was sub-
sequently used intra-articularly in the patient's pathological joint; approximately

1-1.5 mL of MFAT was used as the gold standard for each joint.

88



Figure 15: (a) Microfragmentation of adipose tissue through Rigeneracons®, (b) MFAT obtained ready to use.

Canine Brief Pain Inventory :

The Canine Brief Pain Inventory (Canine BPI) allows owners to rate the severity of
their dog’s pain and the degree to which that pain interferes with function. Initially
developed to assess pain related to osteoarthritis, the Canine BPI has been shown to
be an appropriate measure for pain caused by bone cancer as well. This questionnaire
contains four items relating to the severity of the dog's pain and six items describing
how that pain interferes with the dog's daily activities, for a total of 10 items which
the owner had to answer. Each Canine Brief Pain Inventory pain item is presented
with numerical rating scales from 0 to 10, basically where "0" represents no pain,
while "10" represents extreme pain. In the same way for the interference items “0”
represents no interference and “10” represents completely interferes (fig.16).

In this clinical study, the CBPI was used as an outcome, submitted and completed by
the owner at any time during the trial, at time 0, before treatment, and 30, 60, and

180 days after treatment, respectively for the short and long term outcome.
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Canine Brief Pain Inventory

Description of pain:
Rate your dog's pain:

1. Fill in the oval next to the one number that best describes the pain at its worst in the last 7days.

Co O O O3 O4 Os O ©O7 O O9 O
No pain Extreme pain
2. Fill in the oval next to the one number that best describes the pain at its least in the last 7 days

(s 01 02 O3 O4 Os O¢ O7 Og O9 O
No pain Extreme pain
3. Fill in the oval next to the one number that best describes the pain at its average in the last 7 days.

(1) 01 02 O3 O4 Os O¢ O7 Og O9 O

No pain Extreme pain

4. Fill in the oval next to the one number that best describes the pain as it is right now.

Op O1 O2 O3 O4 Os O¢ O7 Og O9 O

No pain Extreme pain

Description of function:

Fill in the oval next to the one number that best describes how during the last 7 days pain has interfered with
your dog's:

5. General Activity
Qo 01 02 O3 O4 Os O¢ O7 08 O9 O

Does not interfere Completely interferes

6. Enjoyment of Life
Oo O1 O2 O3 O4 Os Os 07 O O9 O

Does not interfere Completely interferes
7. Ability to Rise to Standing From Lying Down
G O O O3 04 Os O O7 Og O9 O

Does not interfere Completely interferes
8. Ability to Walk

Qo 01 (e O3 O4 Os O¢ O7 Og O9 O

Does not interfere Completely interferes
9. Ability to Run

Qp 01 (e O3 O4 Os O¢ O7 Og O9 O

Does not interfere Completely interferes
10. Ability to Climb Stairs, Curbs, Doorsteps, etc.
Qo O1 O2 O3 O4 Os O¢ O7 Og O9 O

Does not interfere Completely interferes

Overall impression:

11. Fill in the oval next to the one number that best describes your dog's overall quality of life over the
last 7 days.

O Poor O Fair O Good O Very Good O Excellent

Figure 16: the Canine Brief pain inventory questionary
Clinical examination:

This part of the examination was performed by the Head Orthopedic Surgeon of the
University of Camerino, where the completion of a specific clinical form was reque-

sted (Vesseur, Horstman modifies the lameness classification system, fig.17 ).
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No lamness noted at work or trot
No lamenss at a walk, mild lameness at a trot
Mild lameness at walk , significant lameness at a trot
Significant lameness at a walk, non-weight bearing at trot

Non-weight bearing lameness at a walk and a trot

Normal weight bearing at a stance

Mild decrease in weight bearing at a stance
Significant decrease in weight bearing at a stance
Occasional toe-touching at a stance

Holds limb off the ground at a stance

Readily accepts contralateral limb being held up and bears full
weight on affected limb

Offer resistance to elevation of contralateral limb but bears full
weight on affected limb for more than 1 minute after
contralateral limb is elevated

Offer mod i to elevation of limb
and replaces it after 30 seconds

Offer resistance to elevation of limb and
it after 10 seconds

Refuses to rise contralateral limb

Figure 17: Modified Lameness Grading System

This clinical card contained several fields to be filled in using a numerical scale from
1 (no clinical evidence of lameness) to 5 (non-weight bearing lameness). The fields
were divided into lameness during the walking phase, in stance, pain on palpation
and evaluation of the contralateral limb. For each dog, the specialist filled out the
patient's pain sensation during a preliminary inspection using the visual analogue

pain (VAS) scale, which has the same numerical severity scale as the CBPI, from 0 to

10 (fig 18).

No sign of pain during palpation of affected joint/bone

Sign of mild pain during palpation of joil ; dogs
turn head in recognition

Sign of moderate pain during palpation of affected joint/bone;
dogs pulls limb away

Sign of severe pain during palpation of affected joint/bone;
dogs vocalizes or becomes aggressive

Dog will not allow examiner to palpate joint
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WnivERSITA
o)

iICAMERINO SCHEDA ORTOPEDICA
P ietario Sig.. -via:, data:
dell’animale da i
Esame clinico:
Grado di zoppia ( Vsseur et al; Horstman) arto distretto
PASSO 1 2 3 4 5
TROTTO 1 2 3 4 5
STAZIONE 1 2 3 4 5
DOLORE PALPAZIONE 1 2 3 4 5
ARTO CONTROLATERALE 1 2 3 4 5
VAS 1 2 3 4 5 6 7 8 9 10
ROM fl
Test specifici
CAMPBEL positivo negativo
TIBIAL THRUST positivo negativo
DRAWER TEST positivo negativo
SIT TEST positivo negativo
BICIPITAL positivo negativo
INWARD ( valgus) positivo negativo
OUTWARD (varus) positivo negativo
STAND TEST positivo negativo
ORTOLANI positivo negativo
ANGOLO DI RIDUZIONE destra sinistra
ANGOLO DI SUBLUSSAZIONE  destra sinistra

Figure 18: Specialistic Orthopedic Clinical card.

The clinical examination card include also a measurement of range of motion of af-
fected joint and limb circumference. This evaluation was used as clinical outcome,
and performed by the head orthopedic surgeon, at time 0 (before treatment) and after

30, 60 and 180 days after treatment for each group.
Radiography Assesment:

The radiographic examination provided to confirm the diagnosis of OA and allowed
to obtain orthogonal projections of the joint involved in the pathological process.

The study was reported by the Head of Radiologist of the Veterinary Teaching Hospi-
tal of the University of Camerino, whose attributed blindly for each patient, a degree
of osteoarthritis according to a modified Kellgren Lawrence scale, considering diffe-

rent radiographic signs, including the presence of osteophytes, bone sclerosis, joint
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narrowing and/or incongruence, and the presence of capsular ectasia( fig.19). The
degree of OA was attributed by a mean of a numerical scale from 0 (absence of
osteoarthritis) to 4 (highest degree of OA), established on the basis of the interval
determined by the calculation of the total score.This radiographic scoring system
created a degree of osteoarthritis for each patient at TO allowing to evaluate its evolu-

tion in the times following the treatment after 30 and 60 days (T1 and T2).

RADIOGRAPHIC SIGN 0 1 2 3 4

OStCOPh}’tES Absence < Imm 1-2 mm 2-3mm >3 mm

Bone sclerosis Absence Localized Pervasive

q 5 Mild Moderate Serious
Joint narrowing and/or
I Absence Joint deformity
ncongruence <25% 25%-50% >50%
Capsular ectasia Absence Evident
FINAL SCORE 0 1-3 4-6 7-9 >10
OA GRADE 0 1 2 3 4

Figure 19: Radiographic modified scale of OA.

Synovial Fluid Examination:

At the time of treatment (TO0), after 30 (T1) and 60 (T2) days, an aliquot of a sample
of synovial fluid was taken for cytological examination. In the Pathology Department
of the Veterinary Teaching Hospital of the University of Camerino, after cytological
assessment, a degree of synovial fluid sign of OA was established, considering the
severity of the cytological alterations present, and cellular modifications concerning
the characteristics and physiological concentrations of the fluid. In order to generate
a cytological grade, various parameters were considered, including the presence of
inflammatory cells, synovial cells, cartilage fragments, blood contamination, and ma-
trix. The synovial parameters above were assigned a numerical severity score from 1

to 3, and the final score was extrapolated from these grading (Fig.20)
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Through the evaluation range indicated in the table, a final score was assigned to
each cytology, expressed on a scale of values from 1 to 4.

Each value reflects the description of the synovial fluid evaluated according to the
following interpretation:

1 = Paraphysiological synovial fluid;

2 = mild inflammation of the synovial fluid;

3 = medium inflammation of the synovial fluid;

4 = severe inflammation of the synovial fluid;

This system allowed the pathologist to blindly establish for each patient of each
group an initial degree of inflammation of the synovial fluid at TO, and to evaluate its

evolution during the clinical trial at T1 and T2.

Average prevalence

High prevalence

Absence Average prevalence High prevalence
Absence Average prevalence High prevalence
Absence Average prevalence High prevalence

Average prevalence High prevalence

2
Paraphysiological Mild inflammation
of the synovial fluid

3
Medium
inflammation
of the synovial
fluid

4
Severe inflammation of the
synovial fluid

Figure 20: Cytological score of OA.

Synovial Cytokine Assay :
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Concentration of three biomolecules ( TNFa, IL-6 IL-1b) were measured using
Nori® Canine ELISA Synovial Fluid Cytokine Kits (Genorise).

The biomarker analysis was ranked based on the volume required to perform the test
and previous literature supporting biomarkers related to OA and its severity. In this
case the synovial fluid aliquot was used first for TNF-a and subsequently for IL-6
and IL-1b. For this reason, some samples had insufficient synovial fluid volume to
include all enzyme-linked immunosorbent assay tests. These ELISA tests were used

at time 0, before treatment and repeated after 30 (T1) and 60 (T2) days for each

group.

-Statistical Analysis:

Data from the whole evaluations performed during the study were pooled and repor-
ted with the arithmetic mean and standard deviation. Ordinal variables were analyzed
and compared between the two groups with the Mann-Whitney test.

Friedman's test followed by Dunn's posthoc test was also used to compare times wi-
thin each group. Values of P <0.05 are considered statistically significant.

All data were analyzed with Prism 8 for MacOS software, version 8.2.1 (GraphPad

software Inc., San Diego, California, USA).
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Results

Enrolled Patient:

Forty owned dogs , belonging to different breeds (American stafforshire 1, Austra-
lian shepherd 1, Border Collie 1, Boxer 1, Chow-Chow 1 , Dalmatian 1, Duchshound
1, Fox Terrier 1, German Shepherd 2, Golden Retriever 3, Labrador Retriever 6,
Maremma Shepherd 2, Mixed Breed 16, Parson Terrier 1, Pitt Bull 1, Samoyed 1)
affected by OA, met the eligibility criteria and were randomly divided into two
groups, Rigenera Group (group A) and a Hyaluronic group (group B) (fab.xx.).

Dogs selected for each group were aged between 4 and 12 years with a mean of 7.5
for group A, and from 3 to 13 with a mean of 8 for the group B; the mean weight was
29.1 Kg, associated to a body condition score (BCS) of 5.2 for group B, and 26.1 Kg,
associated to BCS of 5,8 for the A, respectively. No restrictions related to sex nor to
the affected joint were used. The obtained gender division result in 6 males (1 neute-
red) and 14 females (9 neutered) for the group A, and 10 males (2 neutered) and 10
females (5 neutered) for the group B. The affected joints were respectively, 7 shoul-
ders, 6 elbows, 4 hips, and 3 stifles for the Rigenera group, and 6 shoulders, 4 elbo-
ws, 3 hips, 6 stifles, and 1 tarsus, for the hyaluronic group (tab.1). No statistically
significant difference between groups was present for the inclusion criteria of weight,

BCS, age, and sex.
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Table 1: List of enrolled patient; complete signalment data and randomization
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left shoulder

right shoulder

right shoulder
left elbow
left stifle

right tarsus
right stifle

left elbow

right shoulder

left stifle
right hip

right shoulder
Left stifle
Left hip
left hip
right hip

right shoulder

right stifle
right elbow
left elbow
right stifle

left stifle
left stifle
right elbow

right elbow

left elbow
right shoulder

right elbow

right shoulder
left shoulder
right elbow
left elbow
left hip

right shoulder
right shoulder
right hip

left shoulder

left hip
left stifle
right shoulder



The mean value of the 40 patients related to Clinical examination, the Canine Brief
Pain Inventory Index, and the Radiographic score at time 0O ( before treatment) is
reported in the following table 2. There were no statistically significant differences
between the groups concerning clinical examination, CBPI, and radiographic evalua-

tion.

A Rigenera Group
[ Weight |

[ E ]
41

26,1 7 11,2992780393495
7,5 4 12 2,2124052165246
5,8 2 8 2,30788123383195

Male
Neutered Male

Q
= [

Neutered Female
Bre:

American Stafforshire
Chow-Chow
German shepherd
Labrador Retriever
Duchshound
Mixed breed
Fox terrier
Border Collie
Dalmatian
Samoyed

u#m\‘E_‘-‘_‘-‘w-‘m-‘_‘-‘Ewm_‘mE

Stifle
B Hyal Group

3
)

N o e
9 47

29,1 9,61303939010912
age 8 3 13 2,69502465568255
5,2 3 8 1,73508683234859

Neutered Female
Breed

Maremma shepherd
German shepherd
Labrador Retriever

Golden Retriever
Mixed breed
Parson Terrier
Boxer
Australian shepherd

=
-3
=

Stifle
Tarsus

AQQ#OE—‘—‘—‘NQQ)AN—AEU!MNUE

[
-]

98



| Meanvae | GowA@genes | S0 | GrawB(taweno | s0 |
Amblatory Lameness 2,85 0,670820393249937 2,95 0,759154654516248

Stence 1,75 0,716350399411379 2 0,794719414239026
Lameness
28 0,951453182187509 275 0,850696309223401
on joint n

Pain value during inspection
(VAS) 6,5 1,50437957136384 6,45 1,66938375014948
Pain Severity
( Canine Brief Pain Inventory) 12,75 5,70203103242492 13,55 7,87049787765077
Pain Interference
( Canine Brief Pain Inventory) 28 12,8963479122457 28,2 15,7834023415005

Radiographic score 2,15 0,812727700887249 2,25 0,966545666958261

Orthopedic Clinician

Radiologist

Table 2: Mean data of enrolled patient.

Arthrocentesis produced an adequate volume of synovial fluid for cytological evalua-
tion in 35 of 40 dogs at time 0, while the volume was very challenging for the cyto-
kines assay evaluation, resulting adequate in only 11, 6, and 3 of 40 patients, respec-
tively for TNFa, IL- 6, and IL -1p. The resulting mean value of the cytology assess-
ment score was 2.277 + - 0.894 for the Rigenera group, associated with 203.90 pg /
ul of TNFa, 201.41 pg / ul of IL-6 and 180 pg / pl for the IL - 1b; for the hyaluronic
group the average values are 2.41 + - 1.12, associated with 108.056 pg / pL of TNFa,
187.51 pg / uL of IL-6 and 300 pg / uL pg / pL of IL-1P ( tab.3). No statistically si-
gnificant differences were detected for the cytological score at time 0 between the
groups, while the sample size for the cytokine assay was not adequate for statistical

analysis

Cytological score 227777777777778  0,894792486988599  2,41176470588235 1,1213175023946
203,90625 123 208,056666666667 94,7366666666667

IL-6 201,416666666667  28,6970526941938  187,513333333333 91,805
IL-1b 180,0 nd 300,0 59,395

Table 3: Mean data of enrolled patient.
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Short term outcome :

-Clinical Examination:

We identified 35 out of 40 patients (87.5%) who completed the short evaluation pe-
riod after 60 days at time 2, respectively 19 out of 20 (95%) for the Rigenera group
and 16 out of 20 (80%) for the Hyaluronic group. The excluded patients (1 for group
A and 4 for group B) required the use of systemic NSAIDs already after thirty days

due to the aggravation of pain.

The raw data released to the clinical card are report in the following table ( tab.4).

Ambulatory Lameness

Rigenera Group ( A) Hyaluronic Group (B)

PATIENT Time 0 Time 1 Time 2 Time 0 Time 1 Time 2
(pre-treat) (30days) (60 days) (pre-treat) (30days) (60 days)
3 2 2 Z Z 2
_ 2,85 2 1,78947368421053 2,95 25 2,5625

Stance Lameness

Rigenera Group ( A) Hyaluronic Group (B)

PATIENT Time 0 Time 1 Time 2 Time 0 Time 1 Time 2
(pre-treat) (30days) (60 days) (pre-treat) (30days) (60 days)

1 1
1 1
2 2
2 1
3 2

_ e e e e
NN W NN
NN N =
(SHER SIS R S
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Rigenera Group ( A) Hyaluronic Group (B)

PATIENT Time 0 Time 1 Time 2 Time 0 Time 1 Time 2
(pre-treat) (30days) (60 days) (pre-treat) (30days) (60 days)

_ 1,75 1,31578947368421 1,15789473684211 2 1,8125 1,625

Rigenera Group ( A) Hyaluronic Group (B)

PATIENT Time 0 Time 1 Time 1 Time 2
(pre-treat) (30days) (60 days) (pre-treat) (30days) (60 days)

3 3 3 £ - -
_ 2,8 2,21052631578947 1,94736842105263 2,75 2,4375 2,625
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ual Analogue Scale of Pain
Rigenera Group ( A) Hyaluronic Group (B)

PATIENT Time 0 Time 1 Time 2 Time 0 Time 1 Time 2
(pre-treat) (30days) (60 days) (pre-treat) (30days) (60 days)

6 4 2 10 10 10
“ 8 10 10 7 8 8
9 10 8 9 5 7
_ 6,5 5,26315789473684 4 6,45 5,5625 5,8125

Body Condition Score

Rigenera Group ( A) Hyaluronic Group (B)

PATIENT Time 0 Time 1 Time 2 Time 0
(pre-treat) (30days) (60 days) (pre-treat)

i

= W AR N 1N YW N
RN W NN W W N B

W NN W W W AN NN ® ® ® ® W ® K K NN U
N NN NN NN X AN N ® ® U U
RN NN N AN NN X ® AN NN NN

W U1 W W W WU N NN Nl WY

‘5"
%

5,47368421052632  5,26315789473684

‘&"
[

5,0625 4,75

[N B S T I T T Y Y Y
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Rigenera Group ( A) Hyaluronic Group (B)

PATIENT Time 0 Time 1 Time 2 Time 0 Time 1 Time 2
(pre-treat) (30days) (60 days) (pre-treat) (30days) (60 days)

[ 1 103 105 105 78 78 82
95 101 102 44 46 45
112 118 118 61 58 60
118 118 118 93 87 90
93 97 97 92 92 94
— 100 97 112 103 108 107
90 88 100 102 101 103
“ 69 70 70 82 80 80
— 53 55 53 92 90 90
88 88 85 108 110 110
112 112 112 82 84 82
99 112 112 115 118 116
70 72 70 81 80 85
62 54 58 72 76 68
103 106 105 12 12 12
| 16 ] 95 94 97 L e o
70 66 71 2 : :
[ 1] 102 105 104 85 - -
_ 91,25 92,7894736842105  94,3684210526316 88,55 89,625 90,125

PATIENT Time 0 Time 1 Time 2 Time 1 Time 2
(pre-treat) (30days) (60 days) (pre-treat) (30days) (60 days)

— 18 20 20 23 23,4 25
20 21 20 19 19 18
31 31 33 18 18.5 19
32 88 88 30 30 30
28 27 28 32 32 32
“ 16 15 16 22 24 24
16 16 16 27 29 30
“ 27 26.5 27 25 26 26
n 27 27 27 31 32 30
37 37 /3 24 27 27
24 24 25 38 35 35
20 20 22 37 37 38
11 11 10 18 20 20
8 7 8 22 21 21
22 128 23 25 26 26
25 24 24 22 22 23
22 28] 23 25 - -

) 30 1 2 : :

28 28 27 28 - -

) : : 3 : :

_ 23,8 23,3421052631579  23,7105263157895 25,85 26,36875 26,5

Table 4: raw data of clinical card; (a) ambulatory lameness, (b) stance lameness,(c) pain on palpation, (d) VAS,

(e) BCS, (f) ROM, (g) circumference.,
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Statistical analysis of the 35 patient for the walking lameness showed significant dif-
ferences between the Rigenera and the Hyaluronic group after 30 days (P-value
0.0338 *), and after 60 days (P-value 0.0037 **). Friedman's test, within the groups,
showed a statistical difference for the Hyaluronic group only between TO and T1 (P-
value 0.0077 *), while for the Rigenera group, the Friedman test noticed an impor-
tant statistically significant difference between TO and T1 (P-value 0.0027 **), and
between TO and T2 (P-value 0.0001 **%*),

AMBULATORY LAMENESS MEAN

B HYALYRONIC GROUP ¥l RIGENERA GROUP

*

2,25

1.5 —

0,75

6%

For the stance lameness statistical analysis showed significant differences between
the Rigenera group and the Hyaluronic group after 30 days (P-value 0.0247 *), and
after 60 days (P-value 0.0087 **). Statistical analysis within the groups showed si-
gnificant difference only for the Rigenera group (P-value 0.0006 ***) between TO
and T2.
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STANCE LAMENESS MEAN

[l HYALURONIC GROUP [l RIGENERA GROUP

2,2

1,65

1.1

0,55

X%

Mann-Whitney statistical test for the pain on palpation showed mild significant diffe-
rences between Rigenera and Hyaluronic after 60 days ( P-value 0,0372 *), while it
was showed a strong statistical difference (P-value 0,0002***) within the Rigenera

group between time 0 and time 2.

PAIN ON PALPATION MEAN

[ HYALURONIC GROUP I RIGENERA GROUP

*k*
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The statistical analysis for visual analogue score of pain proved significant different
between the groups at time 2 ( P-value 0,0149 *) associated to a strong significancy
within the Rigenera group between time 0 and time 2 (P- value < 0,0001 ****) and

time 1 and time 2 (P-value 0,0094 **)

VISUAL ANALOGUE SCORE OF PAIN MEAN

¥l HYALYRONIC GROUP Il RIGENERA GROUP

5,25

35 -

1,75

*kk*k

*%

No statistically significant differences were noted between groups for body condition
score with only one difference within the hyaluronic group (P value 0.0047**) bet-

ween time 0 and time 2.
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BCS MEAN

[ HYALURONIC GROUP [ RIGENERA GROUP

For the statistical analysis of circumference and range of motion, as deriving from
different joints, the raw data at time 0 were normalized by calculating the absolute
variations taking as reference point TO (Var T1-TO and T2-T0) and transforming the
variations between times in relative variations (% variation between times,% Var).

No statistical differences in relative variation were reported either between or within

groups.

-Canine Brief Pain Inventory Index:

In addition to the clinical examination, 35 out of 40 patients completed the short term
follow-up period for CBPI, 16 for the Hyaluronic group and 19 for the Rigenera
group respectively. The resulting data derived from the questionnaire were divided
into two domains, the pain severity domain (PSI) and the pain interference domain

(PII), as is usually used for the Canine Brief Pain Inventory index.
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The table below represents raw data from the entire patient cohort before treatment

up to 60 days (tab.5).

CBPI Severity Pain Domain
Rigenera Group ( A) Hyaluronic Group (B)

PATIENT Time 0 Time 1 Time 2 Time 0 Time 1 Time 2
(pre-treat) (30days) (60 days) (pre-treat) (30days) (60 days)

11 3 0 28 22 25
20 12 7 22 18 13
9 7 5 12 8 11
15 11 2 18 15 19
“ 11 6 5 32 27 27
15 6 10 7 5 6
“ 5 24 28 18 19 25
— 11 8 8 5 7 7
“ 4 4 4 18 6 13
18 12 5 17 12 13
21 15 6 11 8 9
15 5 4 13 16 18
“ 25 12 4 ® B B
12 5 5 B : :
_ 12,75 8,15789473684211  5,84210526315789 13,55 12,75 13,9375

CBPI Interference Pain Domain

Rigenera Group ( A) Hyaluronic Group (B)

PATIENT Time 0 Time 1 Time 2 Time 0 Time 1 Time 2
(pre-treat) (30days) (60 days) (pre-treat) (30days) (60 days)
[ 1 13 7 0 14 15 12
18 7 4 40 38 30
26 20 11 31 32 30
22 21 17 23 24 23
23 9 1 22 25 21
— 15 9 9 32 27 27
21 8 15 46 42 39
“ 26 42 61 25 30 26
— 17 18 17 46 46 38
17 14 11 15 9 12
“ 31 29 13 28 15 18
12 11 8 26 12 15
39 31 35 47 21 25
25 13 21 53 46 51
“ 56 43 14 i : :
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CBPI Interference Pain Domain

Rigenera Group ( A) Hyaluronic Group (B)

PATIENT Time 0 Time 1 Time 2 Time 0 Time 1 Time 2
(pre-treat) (30days) (60 days) (pre-treat) (30days) (60 days)

5

39 34 52)
2 38 - = 3
Mean 28 20,4210526315789  17,4210526315789 28,2 27,25 27,5

Table 5: raw data of CBPI (a) Pain Severity Index, (b) Pain Interference Index,

Statistical analysis for the Pain Severity Domain proved a mild significant difference
between the Rigenera group and the Hyaluronic group after 30 days (P-value
0.0236*), and a strong significant difference after 60 days (P-value <0.0001**%**),
Friedman's test, didn’t showed a significancy in any time for the Hyaluronic group,
while within the Rigenera group noted an important significant difference between
between TO and T1(P-value 0.0021*%*), and between TO and T2 (P-value

<0.00071 ****),

CBPI (PAIN SEVERITY) MEAN

HYALYRONIC GROUP I RIGENERA GROUP
15
* *kkk
11,25
7,5
375
0

T2

*k*k*k
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For the Pain Interference Domain Mann-Whitney test between Rigenera and Hyalu-
ronic group showed a significant difference (P-value 0,0154%*) after 60 days; signifi-
cant different was detected within time 0 and time 2 for the Hyaluronic group (P-va-
lue 0,0133 *) and between time 0 and time 1 (P-value 0,0094*), and between TO and

T2 (P-value <0,0001****) within the Rigenera group.

CBPI (PAIN INTERFERENCE) MEAN

[l HYALYRONIC GROUP M RIGENERA GROUP

34

25,5

17

8,5

-Radiographic Assessment :

Such as for the clinical examination and the Canine Brief Pain Inventory index, we
collected radiographic data on 35 out of 40 patients. The radiological score of

osteoarthritis up to sixty days is shown in the table below. (tab.6.)
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Radiographic OA grade

Rigenera Group ( A) Hyaluronic Group (B)

PATIENT Time 0 Time 1 Time 2 Time 0 Time 1 Time 2
(pre-treat) (30days) (60 days) (pre-treat) (30days) (60 days)

I 1 1 1 2 2 2
2 2 2 ; z 2
_ 2,15 1,89473684210526 1,84210526315789 2,25 2,375 2,4375

In 35 of the 40 patients enrolled in the study (87.5%), it was possible to obtain an
adequate amount of synovial fluid before treatment (TO0), to evaluate cytologically
and classify the inflammatory state of the joint.; of these, only 31 patients (88.57%)
completed the short time follow-up (T2), rispectively 14 for Hyaluronic group and
17 for the Rigenera group. The raw data for each patient of the group are shown in

the table below (tab.7)

111



Cytologic synovial score

Rigenera Group ( A) Hyaluronic Group (B)

PATIENT Time 0 Time 1 Time 2 Time 0 Time 1 Time 2
(pre-treat) (30days) (60 days) (pre-treat) (30days) (60 days)

1
2,33333333333333  1,58823529411765 1,23529411764706 2,41176470588235 2,21428571428571  2,14285714285714

Table 7: raw data of Cytological synovial score.

The statistical analysis of the 31 patient for the cytological synovial score has shown
a mild significant difference between the group after 30 days (P-value 0,0331*), and
a strong significant different after 60 days (P-value 0,0008 ***). No statistically si-
gnificant differences were reported within the Hyaluronic group, while was showed
for Rigenera group between time 0 and time 1 (P-value 0,0258 *), and between time

0 and time 2 (P-value 0,0006 **%*),
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SYNOVIAL CYTOLOGICAL GRADE MEAN

I HYALYRONIC GROUP I RIGENERA GROUP

2,8

21

1,4

0,7

Evaluation of synovial cytokine assay resulted hard to achieve an adequate sample
volume. The raw data obtained by the ELISA tests were not sufficient to perform sta-

tistical analyzes neither for TNFQ, nor for IL-6, nor IL-3 (tab.8).

TNFa

Rigenera Group ( A) Hyaluronic Group (B)

PATIENT Time 0 Time 1 Time 2 Time 0 Time 1 Time 2
(pre-treat) (30days) (60 days) (pre-treat) (30days) (60 days)

0
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TNFa
Rigenera Group ( A) Hyaluronic Group (B)

PATIENT Time 0 Time 1 Time 2 Time 0 Time 1 Time 2
(pre-treat) (30days) (60 days) (pre-treat) (30days) (60 days)

158,75
260

ol e Bt
(S8

B58V/5) 360,25 380,16

| =
'S

(3
v w

184,17
151,25

—
N

220 184,17 151,25

—
=]

=]

203,90625 207,36 172,64 208,0. 7 229,26 224,366

IL-6

Rigenera Group ( A) Hyaluronic Group (B)

PATIENT Time 0 Time 1 Time 2 Time 0 Time 1 Time 2
(pre-treat) (30days) (60 days) (pre-treat) (30days) (60 days)

(=)} - [S]

N

(=]

201,41 183,335 148,5 187,513333333333 206,89 7  244,003333333333

IL-1b

Rigenera Group ( A) Hyaluronic Group (B)

PATIENT Time 0 Time 1 Time 2 Time 0 Time 1 Time 2
(pre-treat) (30days) (60 days) (pre-treat) (30days) (60 days)

400,0
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IL-1b

Rigenera Group ( A) Hyaluronic Group (B)

PATIENT

= Bl Bl B
N =] <

I
=)}

-
| 3

=]

Time 0 Time 1 Time 2 Time 0 Time 1 Time 2
(pre-treat) (30days) (60 days) (pre-treat) (30days) (60 days)

200,0 210,0 223

180,0

180 300 210 223

Table 8: raw data of synovial cytokine assay.

We collected useful data during the short follow-up for seven out of forty patients for

tumor necro

sis factor a (17.5%), respectively four for the Rigenera group and three

for the hyaluronic group, 5 out of 40 for interleukin - 6 (12.5%), respectively two for

the Rigenera group and three for the hyaluronic group, and only one patient for inter-

leukin 1B (2

.5%), belonging to the hyaluronic group. Despite no statistical analysis,

the ELISA tests suggested a mild decrease in terms of cytokine concentration in the

Rigenera group, while showed a mild increase of cytokine concentration in the Hya-

luronic group, as the graphic below shows.
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Rigenera group Hyaluronic group

] |l m T2

] mm T2

TNFa TNFa

Long term outcome

-Clinical examination:

Only 25 patients, out of 35 (71.43%) who completed the short term follow-up, con-
cluded the study with long-term follow-up after 180 days of treatment (T3), respecti-
vely 15 of 19 (78, 94%) for the Rigenera group and 10 out of 16 (62.5%) for the hya-
luronic group. These patients (4 for group A and 6 for group B) required the use of
systemic NSAIDs between 60 and 180 days, due to the aggravation of the joint pain.
The raw data resulting from the clinical examination after six months are shown in

the following table (tab 9).
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Stance Lameness

Rigenera Group ( A) Hyaluronic Group (B)

bulatory Lameness

Rigenera Group ( A) Hyaluronic Group (B)

PATIENT Time 3 Time 3 PATIENT

(180 days) (180 days)

Time 3 Time 3

(180 days) (180 days)

(5] =]
w (]
8] w
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sual Analogue Scale of pain
Rigenera Group ( A) Hyaluronic Group (B) Rigenera Group ( A) Hyaluronic Group (B)

Time 3 PATIENT Time 3 Time 3
(180 days) (180 days) (180 days) (180 days)

PATIENT
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—
—

IS
w
.

wn
(5]
w
v
w
(=)}

w
w
w
— - — -
N | »
-]
~N

(=)}
'

—
(5]

—
-]

w
'

[
=]
'
'
13
=}
'
'

—
o
'

'

Mean 2,26666666666667 25 Mean 4,73333333333333 59

—_
—
~



Body Condition Score
Rigenera Group ( A) Hyaluronic Group (B)

PATIENT Time 3 Time 3
(180 days) (180 days)
5 -

—
s 4
s 5
: 5
: 4
]

: 5
-

.
. 6
: 5
s 6
s 7
6

3 3
:

3

Table 9: raw data of clinical card after 180 days; (a) ambulatory lameness, (b) stance lameness,(c) pain on palpation,

(d) VAS, (e) BCS.

Statistical analysis refers to clinical examination data relating to the short-term fol-
low-up associated with 6-month follow-up data of the 25 patients, both between and
within groups. Mann Whitney's test for ambulatory lameness showed a statistically
significant difference between groups at 30 days (P value 0.0118 *), after 60 days (P
value 0.0094 **), which persisted at 180 days (P - value 0.0413 *); no statistical si-
gnificancy are noticed within Hyaluronic group, while were significant in Rigenera
group between time 0 and 30 days (P-value0,0007 ***), TO and 60 days (P-
value<0,0001 ****) time 0 and 180 days (P-value 0,0339%*), and between 60 and
180 days (P-value 0,0477 *).
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AMBULATORY LAMENESS MEAN

B HYALYRONIC GROUP I RIGENERA GROUP

3,2

*

* *%
24
16
08
0
Kk ...4
T0 T T2 3
*
* 1

Investigation of stance lameness showed a significant difference between group at
time 1 (P-value 0,0259 *), time 2 (P-value 0,0059 **) and time 3 (P-value 0,0064
**); the statistical difference were noticed within Hyaluronic group between time 0
and time 2 (P-value 0,0464 *), while were showed in the Rigenera group between

time 0 and time 2 ( P-value 0,0089 **), and still between time 0 and time 3 (P-value
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0,0196 *).

STANCE LAMENESS MEAN

M HYALURONIC GROUP B RIGENERA GROUP

Mann-Whitney test didn’t prove any significancy between the group considering
pain on palpation, which were noticed only within the Rigenera group between time

0 and 30 days (P-value 0,0109 *) and between time 0 and 60 days (P-value 0,0002

***)
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JOINT PAIN MEAN

@ HYALURONIC GROUP [ RIGENERA GROUP

2,25

1,5

0,75

*k%k

Statistical analysis between Rigenera and Hyaluronic group proved a significant dif-
ference for the visual analogue scale of Pain (VAS) only after 60 days from treatment
(P-value 0,0100 *); statistical test had shown a significancy within the groups bet-
ween day 0 and any other follow up in both group (Hyal: TO- T1 P-value 0,0464 *,
TO-T2 P-value 0,0304 *, and TO-T3 P value 0,0377 *; Rig.: TO-T1 P-value 0,0404 *,
TO-T2 P-value <0,0001 **** TO0-T3 P-value 0,0015 **.), and within Rigenera group
between 30 and 60 days ( P-value 0,0037 **).
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VISUAL ANALOGUE SCORE OF PAIN MEAN

! HYALYRONIC GROUP Bl RIGENERA GROUP
7
*
5,25
3,5
1,75
0

No statistical evidence was found between groups for the body condition score of 25
patients at any time, while a significant difference was noted with respect to time 0

and time 2 within both groups ( Hyal: P-value 0,0050**; Rig: 0,0381 *).
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BCS MEAN

"/ HYALURONIC GROUP ] RIGENERA GROUP

5,25

3,5

1,75

-Canine Brief Pain Inventory Index:

Another long-term imported result comes from the questionnaire completed by the
owners. Similarly for the clinical evaluation, we collected the results of 25 of the 35
patients who completed the short study period. The summary score of the CBPI divi-

ded into the two domains is shown in the following table.
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Pain Severity Domain (CBPI) Pain Interference Domain (CBPI)
Rigenera Group ( A) Hyaluronic Group (B) Rigenera Group ( A) Hyaluronic Group (B)

PATIENT Time 3 Time 3 PATIENT Time 3 Time 3
(180 days) (180 days) (180 days) (180 days)
2

|
| ]
] ]
] ]
]

Table 10: raw data of CBPI after 180 days, (a) Pain Severity Index, (b) Pain Interference Index,

Statistical analysis resulting from the pain severity domain between groups has sho-
wn significant difference after 60 (P-value 0,0004 ***) and 180 days (P-value
0,0025 **), associated to a significant difference within Rigenera group between day
0 and any other days ( T1 P-value 0,0281 *, T2 P-value <0,0001 **** T3 P-value
0,0011 **),



CBPI (PAIN SEVERITY) MEAN

"/ HYALYRONIC GROUP ¥ RIGENERA GROUP
15
*%
*k*k
11,25
75
3,75
0
TO » T2 T3
*kk*k
*%*

Pain interfence score resulted statistically significant different between groups at
time 2 (P-value 0,0317 *) and 3 (P-value <0,0001 ****) whilst it showed a signifi-
cancy within the Hyaluronic group between day 0 and 60 (P-value 0,0335 *), and
within the Rigenera group between time 0 and time 2 (P-value 0,0002 **%*), time 0
and time 3 (P-value <0,0001 ****)_ and between time 1 and time 3 (P-value 0,0179
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CBPI (PAIN INTERFERENCE) MEAN

[l HYALYRONIC GROUP B RIGENERA GROUP

30

22,5

15

7,5

Excluded patient:

Some patients were lost during the research period, in particular, 5/40 (12.5%) in the
short-term outcome (10% of the hyaluronic group and 2,5% of the Rigenera group),
which rises to 15/40 (37.5%) at the long-term outcome, rispectively 25% for the hya-
luronic group and 12,5% for the Rigenera group, respectively. Considering the per-
centage of patients who abandoned the current research due to inadequate pain con-
trol by intra-articular therapy, the Authors wanted to evaluate the presence of statisti-
cal differences in the frequency of administration of anti-inflammatories at different
follow-up terms. Despite the Author's hypothesis, advanced highlighted the raw data,

Fisher's exact test found no statistically significant differences between the groups.
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Discussion

Extensive research has been conducted in recent decades to treat the OA process, or
at least to slow its progression. Degenerative joint disease is currently considered one
of the World's most significant challenges for health systems. This condition places
OA among the most investigated for mutual co-study of animals and humans.

The foundation of this concept is introduced on the One Health Medicine, where
Human Health recognizes a close connection with Veterinary Health.

In particular, the link with the animal model becomes very close with the canine
species, given the large population of these companion animals, associated with the
incidence of this pathology, and the duration of the dog's life, which is equivalent in
stages to that of humans, allowing a longitudinal assessment of disease and therapy
in spontaneous OA. The exponential Literature increase on the Regenerative Medici-
ne, associated with a particular focus on advances regarding stem cells, and the eva-
luation of the characteristics and uses of crude isolated tissue, such as bone marrow
concentrate, or Stromal Vascular Fraction from adipose tissue, has recently shown an
acceptable therapeutic range for many diseases, as well as for orthopedic conditions.
Many Human clinical case reports have demonstrated the efficacy of intra-articular
administration of purified micro-fragmented adipose tissue (MFAT) for spontaneous
osteoarthritis in different joints [395-400]. As in Humans, the recent Veterinary Lite-
rature suggests evidence of clinical pain control over 180 days due to intra-articular
administration of autologous purified and micro-fragmented adipose tissue to treat
osteoarthritis in dogs [ 381;377].

The establishment of the concept of "niche matrix" and minimal mechanical manipu-
lation of the tissue to support the gene expression pattern and the efficacy of mitiga-
ting the inflammatory cascade is likely responsible for the clinical success in the
treatment with MFAT. In addition, this notion offers new frontiers for biomedical en-
gineering, which increasingly introduces new devices that provide automated tissue
disaggregation systems.[371,372,378,379,381,36]. The Rigenera® micro-grafting
technology has recently been seen as a promising system for rapidly harvesting va-

rious disaggregated tissues, as a source of SVF, to be used for many different patho-
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logic processes [36,17,383,385,386]. The principal use of this technology was inve-
stigated on plastic surgery with an increasing trend focus on the orthopedic field.
The in vitro validation of the Rigenera® system for MFAT in the canine species was
obtained previously in the Ph.D research period, allowing the consequent prospective
clinical evaluation in vivo.

Our study aimed to evaluate the safety, feasibility, and efficacy of the treatment of a
single intra-articular infiltration of adipose micro-graft obtained with Rigenera tech-
nology in the canine species, comparing, as a control group, with the performance of
the single administration of hyaluronic acid, currently considered a standard of the
procedure (SOP) for the management of osteoarthritis.

The results obtained from our study showed an interesting statistically significant
difference in evaluated parameters, both for the short and long-term outcome ( 180
days), connected with a symptomatic improvement, which persevered longer for the
Rigenera® treated group.

The six clinical items evaluated during each visit showed superior efficacy for the
treatment with adipose micro-grafts within the patient and in the comparison bet-
ween groups over 180 days. The graphical representation of the short-term clinical
outcome shows a good decrease in the parameters evaluated after 30 days in both
therapies, while it shows differences between treatments at the evaluation after 60
days. The clinical improvement continues and persists better for the MFAT injection;
similar trends were observed between groups for long-term follow-up after 180 days,
although connected to gradual increases of lameness and pain in both.

The long-term clinical outcome shows less importance in the difference between the
groups, which persist only for lameness score, while shows more significant diffe-
rences within the Rigenera patient. Clinical efficacy loss over time was supposed in
the control group. This scenario is widely supported by Veterinary Literature, due to
the temporary anti-inflammatory action of viscosupplementation, especially after a
single infiltration of hyaluronic acid. Repeated intra-articular infiltrations of hyaluro-
nic acid are therefore recommended by most of the authors [260-262]. However,

using a single administration of HA in our study was necessary to compare the diffe-
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rence between these intra-articular treatments correctly.

There were no statistical differences in circumference, range of motion, body condi-
tion score over two months for both groups. The slight significance highlighted after
six months on the body condition score item in both groups between 0 and 60 days
(P-value <0.05) might be probably related to the patients' inhomogeneity, altering the
data.

Owners reported an improvement for their dogs on the severity of pain and its inter-
ference with quality of life in both groups, although data shows greater significance
on subjects treated with purified micro-fragmented adipose tissue. Crucial differen-
ces were noticed between groups on the short-term outcome, detected on pain severi-
ty at time 2 ( P<0,0001) with solid evidence of reduction of pain interference within
the Rigenera group ( T0-T2, P<0,0001). Similarly, the long-term outcome shows a
substantial decrease in pain severity and interference on the Rigenera group suppor-
ted by statistical analysis and a statistical significance for pain interference after 180
days ( P<0,0001). One of the Author's main concerns was correlated to the analysis
of these data, linked to the impracticality of making the owner and clinician blind for
the treatment group to which the patients belong. This condition may undoubtedly
have influenced the pet owners' perception of pain as a placebo effect after treatment.
The same issue was encountered for the clinician's assessment, due to the lack of an
analytical evaluator of lameness, as a force plate system for gait analysis. At the
same time, other criticalities are related to the patient's pain assessment, which re-
mains personal information. This effect, known as the Placebo effect, was broadly
investigated in the veterinary literature and represented a considerable chunk of the-
rapy efficacy for the dog's owner, whose ranging mid 39.7% and 79% [361,362].
Conzemius et al. report a caregiver placebo effect as expected in evaluating response
to treatment for OA in both pet owners and veterinarians. This effect appears to be
enhanced with time and represents 57% for the pet owner and among 40-45% for
clinicians.[362].

The control group should be considered mandatory in the clinical evaluation of new

therapies to mitigate the bias effect, yielding more representative results, even when
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subjective evaluation data have been used. Another strategy adopted during the re-
search period was to have the same person, both veterinarian and pet owner, comple-
te the clinical form.

Our study's most interesting data was obtained from the cytological synovial fluid
analysis. The resulting score indicates an improvement of inflammation grade for
both groups, showing statistically significant differences in support of the MFAT
group respect the control group at 30, strengthening after 60 days. Furthermore, the
statistical analysis showed an exclusive significance within the group treated with
adipose micro-grafts, enhanced after 60 days. In particular, 76.5% of patients treated
with Rigenera technology improved the cytological grade at T2.

To the best of our knowledge, this is the first study appraising synovial fluid after
administration of micro-fragmented adipose tissue in dogs. Cytological analysis of
synovial fluid provides the qualitative state of joint health, mainly associated with
prognostic purposes [189-192].

In addition to the short-term cytological evaluation, the concentration of inflammato-
ry cytokines in the synovial fluid was evaluated. In this case, the enzyme-linked
immunosorbent assay was performed on seven patients ( four Rigenera and three
hyaluronic) for TNFa and five patients ( two Rigenera and three hyaluronic) for IL-6
who completed the analysis over 60 days. Although no statistical analysis, the data
indicated a reduction in cytokine concentration in patients treated with MFAT while
increasing the control group. Allen et al. show the correlation between synovial fluid
cytokine increasing and OA in dogs, even without any statistical correlation of force
plate outcome on lameness [190]. Thus, the predictive value of these biomarkers has
not yet been clearly understood. However, it appears to be essential to compare the
effect of intra-articular therapies, mainly to try to correlate and explain the clinical
outcome of this treatment. The same operator carried out the cytological analysis and
the ELISA test, who operated blindly, not knowing the group to which the sample
belonged. This condition made it possible to essentially decrease the presence of bias
in the analysis of intra-articular treatment. Radiographic assessment showed no dif-

ferences between the group nor within group over the follow up. This evaluation was
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in agreement with the veterinary literature on the intra-articular treatment using
MFAT [377].

The entire cohort of patients, who concluded the study, had to follow a management
therapy, limiting uncontrolled activities, favoring leashed walks, and avoiding nutra-
ceuticals or NSAIDs. In addition, the patients that required administered anti-in-
flammatories were excluded from the research, causing inconsistencies between
groups in both short and long-term outcomes. These inconsistencies have been ac-
centuated over time. The number of excluded patients resulted very differently bet-
ween treatment groups; in fact, 50% of patients in the control group needed to use
NSAIDs within six months, compared to 12.5% in the MFAT group. Although there
is no statistical evidence, the data obtained proved to be very interesting to support
the treatment with Rigenera better. No statistically significant differences were ap-
praised between the groups at time 0, albeit the randomization of patients, conside-
ring different sex, age, weight, and joints affected by osteoarthritis. In our study was
highlighted some limitations related to the eligibility criteria. Various dog sizes and
joints influenced the clinical parameters assessed by the veterinarian and the pet ow-
ner. For example, with the same osteoarthritis grade, we observed higher pain severi-
ty scores (PSS) and interference scores (PIS) in patients who demonstrated reduced
weight-bearing at the station, such as those with stifles versus elbow arthropathy.
These differences highlighted in our study agree with Pavarotti and colleagues. De-
spite having observed the control of pain and lameness in patients treated with
MFAT, they failed to demonstrate significance in the kinetics gait analysis. In contra-
st, in their study, statistical significance was obtained exclusively by dividing the in-
vestigation by the affected joints [377].

The absence of complications related to the use of adipose micro-grafts obtained
with the Rigenera technology, although considering the small sample size, is undoub-
tedly a promising result and in harmony with the literature [377,381, 395-400]. Besi-
des, Zeira et al. showed very high feasibility and safety in the context of these thera-
pies on a much more extensive sample, using intra-articular MFAT in 130 dogs affec-

ted by OA [381]. Nonetheless, further studies are needed to determine both the rege-
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nerative properties and the maximum duration of positive effects. Furthermore, the
actual regenerative capacity of MFATSs, although demonstrated in vitro, has never
been proven in vivo [370,371,372,376,378,380]. In any case, the clinical efficacy in
pain control has been highlighted in several studies, both in humans and veterinary
medicine [377,381, 395-400].

Although some Authors suggest poor correlations concerning inflammatory biomar-
ker concentration and clinical assessments [190,191], cytological examination and
principal inflammatory cytokines in synovial fluid, in contrast, provided significant
food for thought in our study, corroborating the clinical outcome of the treatment
with MFAT. The research focus could undertake future studies in proteomics to un-
derstand which regulatory activities these cellular fragments have in an inflammatory
environment. Some Authors in medicine suggest using arthroscopic synovectomy
combined with fat grafting in the early stages of osteoarthritis, showing very promi-
sing efficacy [396]. In recent years, moreover, during the pathogenetic research of
the progression of osteoarthritis, increasing importance has been given to the syno-
vial capsule in the joint organ [123-129]; In the next Future, this statement should
consider in association with the cultural characteristics of the synovium [297]. Rige-
nera® technology can obtain micro-fragmented tissue from different sampling sites
and, therefore, better than other devices, and it could be helpful in the investigation
in this sense.

Conclusion

To the best of our knowledge, this is the first prospective blind-controlled in vivo
study which evaluates the efficacy of purified micro fragmented adipose tissue in
dogs. In conclusion, our results revealed intra-articular MFAT use in dogs to be safe
and feasible in a single infection. Moreover, it has demonstrated superior clinical ef-
ficacy compared to the control group in both the short- and long-term outcomes con-
cerning osteoarthritis pain and lameness, considerably reducing intra-articular in-
flammation. This consideration, therefore, confirms the in vivo validation of the Ri-

genera system in the canine species, previously evaluated in vitro.
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