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Osteoarthritis: Trauma vs Disease Check or
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Abstract Osteoarthritis (OA) is the most prevalent joint disease characterized by
pain and degenerative lesions of the cartilage, subchondral bone, and other joint tis-
sues. The causes of OA remain incompletely understood. Over the years, it has
become recognized that OA is a multifactorial disease. In particular, aging and
trauma are the main risk factors identified for the development of OA; however,
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other factors such as genetic predisposition, obesity, inflammation, gender and hor-
mones, or metabolic syndrome contribute to OA development and lead to a more
severe outcome. While this disease mainly affects people older than 60 years, OA
developed after joint trauma affects all range ages and has a particular impact on
young individuals and people who have highest levels of physical activity such as
athletes. Traumatic injury to the joint often results in joint instability or intra-
articular fractures which lead to posttraumatic osteoarthritis (PTOA). In response to
injury, several molecular mechanisms are activated, increasing the production and
activation of different factors that contribute to the progression of OA.

In this chapter, we have focused on the interactions and contribution of the mul-
tiple factors involved in joint destruction and progression of OA. In addition, we
overview the main changes and molecular mechanisms related to OA pathogenesis.

Keywords Osteoarthritis - Posttraumatic osteoarthritis - Risk factors - Joint
trauma

Highlights

e OA is a multifactorial disorder and is associated with pathological changes in all
joint tissues; thus, OA is considered a whole-joint disease.

» Factors that contribute to the development of OA include joint injury, obesity,
aging, inflammation, genetic predisposition, gender and hormones, or metabolic
syndrome. Among these factors, collective evidence indicates that aging and
trauma are pivotal factors that mark OA progression.

* Comprehensive understanding of the molecular networks regulating articular
cartilage homeostasis and OA pathogenesis is needed for the development of
novel treatments for preventing cartilage damage and promoting repair.

3.1 Introduction

Osteoarthritis (OA) is the most prevalent joint disease characterized by pain and
degenerative lesions in the cartilage and in the tissues within and surrounding the
joint involved. OA has a high prevalence in the population, and it is accompanied by
significant morbidity and physical disability [67]. It has been estimated that
approximately 25% of the population over 18 years old is affected [22]. So far, it is
also predicted that 35% of people will eventually suffer disability due to OA by
2030, and this number is expected to further expand [110]. Owing to the high
incidence of this disease among population, required therapies have a substantial
public health impact [87].

Any joint in the body can suffer from OA, but major joints such as the knee and
hip are most commonly affected. Current OA therapies include pain management
and surgical intervention for end-stage OA patients, but there are no effective
therapies which can effectively prevent or reverse the progression of the disease.
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Despite OA has received a lot of attention in clinical research, more studies are
needed to increase our understanding of the molecular mechanism, and the etiology
of this complex disease, only then the development of effective treatments will be
much closer.

OA is characterized by degenerative lesions of the cartilage, but also other tis-
sues of the joint are involved in the complex initiation and progression of the dis-
ease; thus, progression of OA also involves subchondral bone remodeling, the
formation of osteophytes, the development of bone marrow lesions, and changes in
the synovium, joint capsule, and ligaments (Fig. 3.1) [131].

Although OA ultimately ends to a common phenotype consisting of chronic
pain, joint instability, stiffness, and loss of function, it results from a number of
different etiologies. Among the multiple factors that contribute to the development
and progression of OA are joint injury, obesity, aging, inflammation, and genetic
risk factors [77]. Moreover, OA risk increases with the presence of other factors
including gender and hormones or metabolic syndrome.

While most of the OA is idiopathic and mainly affects people older than 60 years,
the risk of OA following a significant joint trauma is especially prevalent in patients
at younger age and highly active individuals [6, 58]. Traumatic injury to the joint
often leads to joint instability or intra-articular fractures which in the long term end
in OA. The OA which is initiated after a joint injury is called posttraumatic
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Fig. 3.1 Progression of osteoarthritis. On the left, cross section of the normal articular joint illus-
trates the main structural elements including the articular cartilage covering the surface of the
subchondral bones and enclosed in a connective tissue capsule lined by a synovial membrane. On
the right, cross section of the OA articular joint showing advanced osteoarthritic changes
characterized by subchondral bone remodeling, subchondral cysts, the formation of osteophytes,
cartilage hypertrophy, fissuring and fragmentation of the articular cartilage, inflammation of the
synovial membrane, and joint thickening
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osteoarthritis (PTOA) [81]. It is estimated that approximately 12% of all OA is a
result of an injury insult, such as an articular fracture, chondral injury, or a ligament
or meniscal injury [17].

Although joint trauma affects the entire joint to some degree, damage to articular
cartilage is commonly the most relevant pathologic feature and primary change
after joint injury and prior to joint dysfunction [16, 66]. Damage to articular cartilage
leads to an imbalance of articular cartilage homeostasis which leads to the
appearance of a sequence of biologic events. The chondrocytes produce and
maintain the physical function of cartilage by synthesizing and degrading matrix
components. In response to environmental changes, such as mechanical stress or
inflammatory stimuli, the stable phenotype of the chondrocytes shift toward a
catabolic phenotype increasing the production and activation of different factors
that actively participate in the degeneration process [123].

In this chapter, we discuss the multiple factors involved in joint destruction,
development, and progression of OA with special interest in the impact of trauma
injury on OA. In addition, the identification of the molecular mechanisms related to
OA pathogenesis and main changes in composition and structure of joint tissues
involved are discussed.

3.2 Changes During Osteoarthritis Progress

Articular cartilage is a unique tissue composed of chondrocytes (the only cell
present in cartilage) embedded in a highly hydrated extracellular matrix of colla-
gen fibers and proteoglycans together with other non-collagenous proteins and
glycoproteins present in lesser amounts [104]. Under normal conditions, chondro-
cytes are resting in a nonstressed steady state with low turnover conditions. In
response to environmental changes such as changes in biomechanical forces,
growth factors, or cytokines, chondrocytes increase its metabolic activities, and
the molecular composition and organization of the extracellular matrix are altered.
Factors such as age, obesity, genetic predisposition, joint instability, repetitive
stress injury, or inflammation are known to disrupt the articular chondrocyte
homeostasis [77].

Loss of cartilage function and quality can occur due to trauma resulting in focal
or diffuse loss of cartilage or as a consequence of aging cartilage involved in the
osteoarthritic process [66]. The precise molecular mechanisms of OA initiation and
progression are poorly understood. However, there has been an increasing literature
describing multiple growth factors and cytokines involved in the destruction of
articular cartilage and subchondral bone [65]. Once the microenvironment changes,
the alteration in the normal physiologic balance of cartilage tissue leads to abnor-
mal function of chondrocytes. At early changes in cartilage tissue, chondrocytes
initiate the release of oxygen free radicals which contribute to initiate progressive
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tissue damage [97]. Several studies have also reported the release of fibronectin
fragments that induce cell damage and matrix degradation [50]. A large number of
proteins and genes show altered expression in OA cartilage compared with that in
cartilage from individuals without OA. For example, transforming growth factor-§
(TGFp) has been shown to be involved in OA progression. While it is known that
TGFp is expressed at low levels in mature cartilage, the expression TGFp and sig-
naling have been seen upregulated in OA [124]. Moreover, OA chondrocytes
increase the expression of hypertrophic markers such as Runx2 and ColX [89].
Inflammatory mediators released from the synovium can also contribute to the car-
tilage pathology in OA [89]. Therefore, the immediate release of inflammatory
cytokines such as tumor necrosis factor alpha (TNF-a), interleukin (IL)-6, and IL-1
from the synovium or from the traumatized chondrocytes themselves induces a
positive feedback loop [65]. This disturbed balance also induces chondrocytes to
produce matrix metalloproteinases (MMPs), aggrecanases, and other proteases,
which lead to increased cartilage matrix degradation [131].The pivotal proteinase
that marks OA progression is MMP-13, the major type II collagen-degrading col-
lagenase, which is regulated by both stress and inflammatory signals [43]. In vivo
studies showed that joint injuries increase the levels of metalloproteinases in syno-
vial fluid [88]. Other catabolic enzymes such as ADAMTSS5 and MMP-8 are impli-
cated in the degradation of articular cartilage structure by cleaving the aggrecan and
collagen II matrix [39].

The release of these degradative enzymes and other collagenases in joints leads
to proteoglycan and collagen network breakdown which degrade the structure of
articular cartilage and result in functional abnormality of chondrocytes.
Consequently, chondrocytes will undergo apoptosis, and cartilage will eventually be
completely lost. Numerous studies provide evidence that chondrocyte death by
apoptosis is associated with the initiation and severity of articular cartilage
degradation [109]. Following degradation and metabolic changes in joint tissues,
the disease slowly progresses through a long clinically asymptomatic latency period
to a symptomatic phase with joint pain and dysfunction. Advanced OA degeneration
is associated with increased damage to cartilage and loss of type II collagen. Loss
of cartilage causes friction between bones. The progressive damage of bones will
cause pain and limited joint mobility. Bone remodeling and loss/degeneration of
cartilage are considered central features of OA [39]. Indeed, subchondral bone has
received increasing attention in OA progression, and several studies evidence that
abnormalities in subchondral bone can induce joint pain and cartilage degeneration.
Moreover, changes in subchondral bone could be observed even preceding cartilage
lesions, and clear evidence of an association between subchondral bone mineral
density and OA have been described [41]. However, the pathological changes and
the role of subchondral bone in OA still require further investigation. Other
pathological changes seen in advanced OA include degeneration of ligaments and
menisci of the knee and hypertrophy of the joint capsule [24].
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3.3 Factors that Contribute to the Development of OA

3.3.1 Joint Trauma

Patients with OA due to a joint trauma normally have a well-defined damage to the
structures of the articular joint. When we talk about joint trauma, we refer mainly to
those lesions that affect the articular cartilage and/or the associated subchondral
bone. Numerous studies have demonstrated that joint trauma is one of the main risk
factors for the development of OA. It has been demonstrated that articular fracture
is associated with a loss of chondrocyte viability and increased levels of systemic
biomarkers [62]. Studies have indicated that focal loss of chondrocyte viability is an
initiating pathway for development of PTOA [80]. Moreover, increased intra-
articular trauma severity is associated with increased acute joint trauma in a variety
of joint tissues, including synovial and bone [6]. Following joint trauma, the acute
symptoms include swelling of the affected joint area due to the rupture of the vessels
adjacent to the joint that causes hemorrhage in the interstitial space and, consequently,
the formation of a hematoma. If the injury also affects the subchondral bone, the
bone marrow will be probably involved. An early consequence after the initial injury
is chondrocyte death. In addition, certain enzymes are released causing an
inflammatory reaction in the affected area and an accumulation of fluids out of the
vessels, which result in an increased volume of the knee joint and edema [4]. Hence,
acute impact joint injuries initiate a sequence of biologic events that cause the
progressive joint degeneration and can lead to the development of OA [6].

The main sign of OA due to joint trauma is the pain which is predominantly
related to an unfavorable biomechanical environment at the joint. Diagnosis varies
according to the intensity of the trauma and the presence of soft tissue injuries or
bone injures. In addition to pain, within the anamnesis, it is important to evaluate
signs of inflammation that can be observed in the joint. The right diagnosis and
early treatment can slow and prevent further joint damage. The nontreatment or
wrong treatment may lead to joint deterioration, poor function, and compromised
mobility [63]. For the diagnosis of joint trauma, it is also important to perform
imaging tests such as radiography. However, radiography is very limited as it only
gives indirect information of the cartilage through the image of the subchondral
bone. If another imaging test is needed, computed tomography (CT) is recommended
in order to study any possible loss of osteochondral fragments [13].

Acute injuries are common in young, active, and athletic individuals, but diag-
nosing OA in these populations has become a challenge due to their higher toler-
ance for pain [5]. In both professional athletes and sports fans, the most frequent
cause of OA is joint overload, excessive training, or the use of incorrect techniques
that cause damage to the joints. The joints that are most frequently affected are the
hip and the knee as they are the ones that carry the greatest weight during the
performance of the workouts; however, we should not rule out also injuries to the
elbow or foot [8]. It is important to take into account that physical activity cannot be
forced and that it is necessary to avoid overloads in the same area of the body.
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Typically, the most common injuries that cause PTOA include chondral and
osteochondral lesions, articular fracture, ligamentous lesions, or fibrocartilage
lesions, among others.

3.3.1.1 Joint Injuries that Cause PTOA
Chondral and Osteochondral Lesions

The hyaline cartilage is supported by the subchondral bone. In this way, we must
differentiate two types of acute lesions, hyaline cartilage lesions and lesions
produced in subchondral bone [14]. However, loss of hyaline cartilage usually
appears in subchondral bone lesions. The extension of the lesion depends on the
intensity of the trauma and the affected structures. When a relevant injury without
fracture occurs, there is an overload of the subchondral bone tissue, which causes a
progressive wear of the joint [63]. Chondral injuries include abrasion, laceration
(cut), or fracture. Because cartilage is an avascular and aneural tissue, the articular
cartilage has a poor intrinsic healing capacity. After a chondral injury, cartilage is
incapable of directly generating pain. Depending on the size and location of the
chondral injury, evolution can lead to further degeneration and a great loss of
cartilage surface [63].

On the other hand, when an injury to the subchondral bone occurs, the joint is
filled with blood arising from the bone marrow leading to an inflammatory process.
Consequently, a reparative reaction will occur due to the exposure of the joint to
blood and marrow contents, and matrix will be repaired; however, a fibrocartilage
tissue without the same characteristics as original articular cartilage and with
reduced mechanical properties will be formed [63].

Articular Fracture

Articular fracture is a very common injury due to the high percentage of injuries
caused during minor accidents. In vivo models have demonstrated that articular
fracture includes physical disruption of the articular surface and underlying sub-
chondral bone with varying degrees of severity depending on the intensity of the
impact. Clinically, more complex intra-articular fractures are associated with
patients with higher severity of trauma and subsequent degeneration of the articu-
lar cartilage; moreover, these injuries are closely linked with worse outcomes for
the patients [17]. Articular fracture treatment includes restoration of the articular
surface, correction of axial and rotational alignment of the injured limb, and
surgical fixation for stabilization to allow early range of motion of the injured
joint [80].
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Ligamentous Lesions

Ligaments are important structures to maintain the stability of the articulation but
are at risk to be injured in traumatic injuries. Knee ligamentous injuries increased
injury to the patient, especially if they are unrecognized and untreated, and can lead
to significant morbidity. Common diagnostic procedure to find out and confirm
capsule-ligamentous lesions includes arthroscopy of the knee which is preferred
compared with magnetic resonance (MR) imaging due to its ability to probe,
distinguish fragile tissue from normal, and perform additional surgical procedures
like removal of loose bodies [14]. Most common ligamentous injuries typically
include the anterior cruciate ligament (ACL) and medial collateral ligament (MCL)
[99]. Patients with these lesions and/or without a concomitant meniscus injury are
at high risk for PTOA. Sports injuries are the most frequent cause of anterior cruciate
ligament injuries [60].

Meniscal Lesions

Unlike hyaline cartilage, the collagen present at articular fibrocartilage is oriented
variably and contains little density of proteoglycans and less presence of water.
Consequently, articular fibrocartilage is less compliant and presents less capacity of
regeneration. The greater number of fibrocartilage lesions often occurs at menisci of
the knee, glenohumeral input, and triangular fibrocartilage of the wrist [126].

Meniscal lesions are the most common knee injuries seen in patients of all ages
and especially in young or adolescent patients due to trauma. These lesions are a
recognized risk factor for the development of OA. Commonly, the mechanism of
injury involves a twisting injury on a semi-flexed limb through a weight-bearing
knee. Overpressure on the knee due to overweight, intensive training, incorrect
position of the legs such as varus or valgus, or reduced muscle strength is a typical
risk factor for meniscus lesions [100]. Advances in the knowledge of meniscal
anatomy, biomechanics, and function are essential to understanding meniscal
pathology and treatment [2, 100]. Meniscectomy still remains as a common
orthopedic procedure; however, meniscal repairs are increasingly performed over
meniscectomies in young patients [1].

3.3.2 Aging

Age has been identified as one of the most important risk factors for the develop-
ment of OA. The incidence and prevalence of OA increase with aging due to the
combination of various risk factors, together with biological changes that lead to
broke the homeostasis of the joint resulting in less capacity for healing [3, 66]. For
instance, ACL injury is a cause of PTOA, and the progression of this PTOA has
been seen to increase with patient age [94]. Seon et al. [99] have shown that the 54%
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of the patients over 25 years at the time of ACL surgery developed OA, in front of
the 26% below 25 years old [99].

The main factors affecting age-related changes include cellular senescence,
reduced cell density, and altered secretory profiles [70]. The decrease in cell density
is a direct consequence of cellular senescence, which is characterized by the loss of
cell division capacity [111]. There are several processes that affect cell senescence
such as the shortening of the telomeres [46], mitochondrial and nuclear DNA
damage [15, 55], oxidative stress [68], and inflammatory process [44]. Moreover,
reduced repair capacity of the cartilage increases with aging, due to the lesser
capacity of chondrocytes to respond to growth factor stimulation to proliferative and
anabolic process [66, 70]. For example, lower sensitivity to the stimulation with the
TGFB [57], insulin-like growth factor 1 (IGF-1) [64], and bone morphogenetic
protein family (BMPs) [12, 24] leads to induced oxidative stress and prevalence of
catabolic process over anabolic.

Apart from cellular changes, ECM also experiment age-associated alterations
that lead to develop OA, such as the progressive calcification of cartilage that occurs
before evidence OA [75]. In addition, it has been demonstrated that with aging there
is a marked increase in the formation of advanced glycation end products (AGEs),
which are the results of spontaneous nonenzymatic glycation of the proteins. AGE
formation increase the cross-linking of collagen molecules which altered the
mechanical properties of cartilage, making it more susceptible to mechanically
induced damage [32, 116]. Moreover, the interaction of AGEs with cellular recep-
tors, including the receptor for AGEs (RAGE), displayed an increment in inflamma-
tion [20] and catabolic process [108, 125].

3.3.3 Obesity

Obesity is a strong risk factor associated with development and progression of OA,
especially in knee OA [36]. Moreover, the overweight increases the development of
osteoarthritic processes after knee trauma [119], specifically after fixation of
acetabular fractures [59, 84].

It is assumed that behind the influence of obesity on OA is mechanical overload
because the joint of overweight person endures the transmission from two to five
times the body weight during the course of the day, leading to wear, damage, and
microtrauma [33, 74]. Apart from the increment of the mechanical loading, obesity
contributes to OA through the secretion of adipose tissue-derived cytokines, called
adipokines, such as a variety of interleukins (IL-1f, IL-6, IL-8, IL-15, etc.), tumor
necrosis factor alpha (TNF-a), leptin, and adiponectin, among others [28]. These
inflammatory factors lead to bone resorption and ECM changes through the
downregulation of the synthesis of the major components of the matrix (proteoglycans
and type II collagen) and the upregulation of catabolic process across the activity of
MMPs and a disintegrinlike and metalloproteinase with thrombospondin type 1
motifs (ADAMTS) [28, 53].
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It has been established that if obese patients with OA lose weight can reduce
pain, improve the function of the joint and might reduce disease progression [23,
61]. Even, there are studies that support the use of specific strategies to weight loss
in the treatment of these patients 11,121].

3.3.4 Genetic Factors

An inherited predisposition to develop OA has been established from family-based
studies that supports the strong link between the genetic factors and this disease.
Studies with twin have estimated a genetic influence ranging from 30% to 65% in
OA, with larger influence in hands and hips, and smaller in knees [56, 73, 106].
Moreover, linkage studies with families and sibling have suggested loci linked to
hip and knee OA in an area of chromosomes 2q and 11q. Related with the loci in
chromosome 2q, the regions 2q 12-22 and 2q 33-35 contain genes that could be
involved in the OA, like the gene for the a2 chain of type V collagen (a major
component of the bone) and fibronectin, and the receptor of IL-8 (inflammatory
process) [71, 122]. In relation with chromosome 11q and the susceptibility to
develop OA, it has identified a cluster related with at least seven MMP genes and a
locus that is a regulator of bone mass [21]. In addition, studies in families with
primary OA have detected loci on chromosomes 4, 6, and 16 [40, 72], and more
recently, genome-wide association studies (GWAS) have been established loci on
chromosomes 3 [76], 7 [54], 13 [31], and 19 [19] that are strongly associated with
hip or knee OA susceptibility.

On the other hand, the role of specific genes involved in OA has been demon-
strated by in vitro or in vivo studies. For example, in vitro gene analysis of patients
and transgenic mice displayed the impact of an alteration in ECM components,
(such as type II collagen and COMP), its regulators (aggrecanases), and how it con-
tributed to the degeneration of knee joint [92, 95, 96]. In addition, development and
progression of OA can be induced by alterations in signaling pathways like TGFf/
BMP [98, 131], Wnt/p-catenin [112], Indian hedgehog [18], hypoxia-inducible
factor (HIF) 1a/HIF-2a [129], nuclear factor-kappaB (NF-xB) [91], and Notch [51]
pathways and its downstream molecules [114] that leads to cartilage destruction.
The knowledge of the genetic factors that induce or maintain osteochondral defects
is a promising therapeutic strategy for novel treatments.

3.3.5 Inflammation

Over the past decade, inflammation has been established as a critical feature of
OA. Many studies are opening the way to consider inflammation a key driver of
OA progression after joint injury [7]. According to current research, such
involvement in the pathophysiology of OA would occur through the action of
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inflammatory mediators [10] released by the cartilage, bone, and synovium. These
mediators, such as cytokines (IL-1f3, TNF-«, IL-6, etc.) and chemokines (IL-8,
CCLS5, CCL19, and its receptor CCR7), are produced by a variety of cell types,
including macrophages, chondrocytes, and fibroblast-like synoviocytes (FLS), in
response to joint trauma or chronic overuse injuries. Another source of these
cytokines could be chronical inflammatory process associated to age or derived
from previous injuries [7, 22, 103]. In addition to traditional mediators, it has been
also found the presence of adipokines such as leptin in inflammation processes [28].
All these soluble signaling factors cause alteration of joint cell homeostasis such
as pathological maturation, apoptosis, and catabolic responses by means of
metalloproteinases (MMPs), prostaglandin E2 (PGE2), or nitric oxide (NO) synthe-
sis, leading to cartilage degradation and subchondral bone remodeling. Moreover,
the release of these inflammatory mediators causes alteration of joint cell homeo-
stasis generating a loopback that would aggravate or accelerate joint degeneration
[90, 93, 118].

In this way, having an inflammation either attributed to previous injuries, obesity,
or age would have an increased risk to develop, aggravate, or accelerate OA
progression, after tissue damage. Results from image studies using MRI and
ultrasonography have evidenced a positive correlation between inflammation and
the risk for structural progression of OA [37, 47, 83]. Similarly, in vivo studies have
reported the association between increased serum levels of adipokines and greater
cartilage loss with a higher incidence of knee joint replacement [61].

The knowledge of inflammation role in OA development and mechanisms by
which it acts has provided a window of opportunities to develop disease-modifying
interventions targeting inflammatory processes for the prevention and treatment of
OA. In vivo and clinical studies performed so far have mainly focused on TNF and
IL-1 inhibitor showing clinical symptom relief but did not achieve to stop the
disease progression [69]. Then, is necessary to take into account other factors that
contribute to OA development, and also the heterogeneity of the OA patients, since
their phenotypes may have different pathophysiology.

3.3.6 Metabolic Syndrome

Metabolic syndrome (MetS) is a common phenotype comprised of a cluster of met-
abolic disorders, such as hypertension, insulin resistance, visceral obesity, and dys-
lipidemia, that occur together, increasing the risk of developing serious chronic
disease [132]. Researchers have suggested a positive association between OA and
the four central components of MetS, since epidemiological and clinical data
revealed a high prevalence in patients with OA, regarding the population without
OA [86, 102, 105, 115, 127]. In addition, people with MetS develop OA at an earlier
age, and have more generalized pathology with higher inflammation and pain, in
comparison with patients with OA in the absence of MetS [34, 86]. Thus, all these
disorders have led to consider metabolic syndrome an important risk factor for OA.
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During these last years, investigators are assessing how all these components that
make up MetS are involved in OA. Studies have shown that all these conditions end
up causing cellular damage and subsequent inflammation that, as explained in the
previous section, leads to the OA development [52, 132]. Hypertension contributes
to OA through subchondral ischemia that results from blood flow reduction related
to narrowing of blood vessels [38]. Association between dyslipidemia and OA has
also been reported, thus, the disturbance of lipid metabolism increase the risk of OA
[42]. Moreover, obese people could display elevated levels of systemic oxidative
stress that can be caused by insulin resistance, through hyperglycemia [29, 48, 49,
78]. This condition of local high glucose concentration can also contribute to OA by
reduction of chondrocyte differentiation, therefore, decreasing the potential cartilage
regeneration [30, 113]. Hence, diseases that derive from insulin resistance state such
as type 2 diabetes have been robustly associated with OA in epidemiological studies
[9, 29]. Concordant results from clinical studies have also reported a higher rate of
knee OA progression in type 2 diabetes patients than nondiabetics on a 3-year
follow-up [35]. Otherwise, visceral obesity associated to MetS, contributes directly
to inflammation state due to an increase in adipokine concentration that leads to the
OA development [85, 132].

So, the link of MetS to OA suggests that control or prevention of MetS condi-
tions would modulate OA progression in humans, for example, by promoting reduc-
tion of adipose tissue in obese patients [27, 128].

3.3.7 Gender

Besides excess weight, obesity, and previous knee injury, the onset of knee OA has
also been associated with female gender. Unfortunately, it represents a non-
modifiable risk factor that leads to increased susceptibility and predisposition to
develop OA. Numerous clinical, pathological, and epidemiological studies of OA
suggest relevant difference between sexes. Women not only have higher prevalence
than men, but they also have greater severity of OA [107]. In addition, the definite
increase in OA in women around the time of menopause has led investigators to
hypothesize that hormonal factors, in particular estrogens, may play a role in the
development of OA [101]. Further support for a hormonal effect on OA comes from
some, but not all, studies which have shown a higher prevalence and incidence of
OA in women with hysterectomy than without it [26].

Although a lot of studies are addressing the relation between estrogens and OA,
it is still not clearly defined, appearing to be concentration dependent. Despite the
controversial results, the overall effect predominantly leads to inhibition of the
expression and secretion of proinflammatory cytokines into the joint. It has been
evidenced both in vitro and in vivo studies [90]. However, results from observational
studies and clinical trials have been conflicting regarding this effect, especially
about estrogen therapy [45, 79, 120].
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Moreover, the disparities between sexes may be also due to the differences in the
anatomical structure of joint elements, in height, weight, or just a thinner and more
reduced volume of knee cartilage in women compared with that of men. Therefore,
more studies are needed to evidence the role of hormones in OA and resolve these
issues.

3.4 Treatment of Osteoarthritis

Currently, no available treatments are able to cure or substantially modify disease
progression. In the case of joint trauma, interventions should be addressed as soon
as possible to limit the degree of acute joint damage and to reduce the severity of
OA [69]. The selection of the treatment depends on the intensity of the affectation.
There are several methods to treat traumatic joints that include the following
treatments:

Non-operative Management

* Symptomatic medical treatment: control the pain and inflammation by using
cryotherapy, analgesics, and anti-inflammatories.

* Decrease early loading of injured articular surfaces after injury.

e Protect from the load to avoid detachment by shearing forces of possible frag-
ments of cartilage detached after the trauma.

* Avoid prolonged rigid immobilization.

 Intra-articular viscosupplementation injections.

* Weight loss and exercise in obese and overweight individuals.

Surgical Treatment

Surgical management aims to reestablish the joint surface, maximizing the
osteochondral biologic environment, achieve rigid fixation, and ensure early
motion. The surgical techniques could be either procedures that only address
cartilage repair or osteochondral procedures to treat both cartilage and
subchondral bone.

* Chondral and osteochondral defects: For partial defects simple arthroscopic
debridement with or without marrow stimulation (microfracture) is used. In the
case of full-thickness defects, microfracture and autologous grafts or allografts
are recommended [16]. Autologous grafts involve the extraction of healthy
cartilage of the patient and its transplantation to the site of the defect. However,
this technique presents several drawbacks such as the graft size limitation and
donor site morbidity. In order to prevent greater damage, the cartilage is removed
from areas that do not withstand heavy loads, such as the lateral margin of the
femoral trochlea and notch of the knee [25].

o Tissue engineering: A number of promising cell sources, biocompatible tissue-
engineered scaffolds, scaffoldless techniques, biological factors, and mechanical
stimuli are currently being investigated in the field of articular cartilage tissue
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engineering, which aims to repair, regenerate, and/or improve injured or diseased
articular cartilage functionality [130]. For example, autologous chondrocyte
implantation (ACI) is the first generation of cell transplantation techniques for
cartilage repair and is used widely for patients who have cartilage lesions between
1 cm? and 12 cm? or had previously failed restoration treatments of the knee such
as microfracture surgeries [82].

e Total and partial joint replacements: For severe joint injuries as well as for
advanced OA, articular cartilage cannot be recovered by any of the above-
discussed treatments. In these cases, the damaged osteochondral tissue is partially
or totally removed, and total or partial joint replacements are performed to help
patients restore normal function. However, joint replacement therapies are not
recommended in younger patients due to relatively short life spans of current
implants, and revision surgery offers less favorable outcomes [117].

3.5 Conclusions

OA is a complex process without a full understood etiology. Changes observer dur-
ing progression of OA not only target cartilage tissue, also affect to subchondral
bone and synovial tissue. There is a crosstalk between cartilage and bone cells in the
course of the disease that play a major role in the joint homeostasis.

Among the risk factors that result in structural and functional failure of joints are
joint trauma, obesity, aging, inflammation, genetic predisposition, gender and
hormones, or metabolic syndrome. Despite cartilage senescence could be considered
part of “normal” chronological age, and represent an important individual risk
factor for the development of OA, all risk factors of OA are inter-related, not inter-
dependent. In addition to aging, another pivotal factor that marks OA is damage due
to trauma.

The majority of individuals with a significant traumatic joint injury develop
PTOA. In the young patient, the pathogenesis of knee OA is predominantly related
to joint trauma and an unfavorable biomechanical environment at the joint. Once the
damage occurs, a sequence of events is initiated at the joint tissues and leads to
progressive articular surface damage.

Future treatments must take into account all the specific characteristic of indi-
viduals and clinically relevant factors associated like severity of joint injury.
Therefore, a multi-varied therapy which includes the knowledge of the OA risk
factors of a specific patient could be used to make the clinical diagnosis.

Therapies focused on joint injuries with a clear trauma origin should address the
earliest symptoms such as inflammation, stiffness, joint dysfunction, or pain. This is
especially important in the young individual since changes in these patients could
still be reversible, and therefore, early treatment could prevent further progression
of the disease. A need also exists for therapies that stimulate intrinsic repair of the
damage tissue and inhibiting catabolic pathways that lead to chondrocyte death and
matrix loss.
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