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Introduction to Osteoarthritis

Osteoarthritis (OA) is the most common form of
arthritis, affecting 13.9 % of US adults aged 25
and older, totaling 26.9 million [1]. OA is charac-
terized by degradation and loss of articular carti-
lage, hypertrophic bone changes with osteophyte
formation (bony projections along the joint mar-
gin), subchondral bone remodeling, and inflam-
mation of the synovial membrane. Other tissues
of the joint including the muscles and ligaments
are also altered during the OA process.

OA can be triggered by external factors such
as trauma and endogenous predisposing factors
including age, genetics, and high body mass
index. It results in pain, reduced quality of life,
and disability necessitating joint replacement in
end-stage disease.

Important advances have been made in under-
standing its pathological processes, and promis-
ing new disease-modifying OA drugs (DMOADs)
are being developed that will slow the progres-
sion of the disease and improve the current symp-
tomatic treatment.
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Pathophysiology of Osteoarthritis

OA is a multifactorial disease resulting in the fail-
ure of the articular tissues to maintain a homeo-
static balance between matrix synthesis and
degradation. An initial phase of cartilage remod-
eling is characterized by edema, followed by deg-
radation and loss of this tissue. These alterations
are associated with synovial inflammation and
subchondral bone remodeling (Fig. 1).

In cartilage, there is only one type of cell, the
chondrocyte, which is responsible for the mainte-
nance of this tissue’s extracellular matrix (ECM,
see chapter “Overview” under part “Joints”).
Early during the OA process, increased biome-
chanical stress and/or biochemical stimuli can
activate the anabolic function of chondrocytes to
repair early cartilage damage. Over time, this
anabolic attempt fails and leads to an imbalance
favoring degradation. This degradation will
induce a vicious circle, in which the degradative
fragments of ECM proteins (e.g., fibronectin and
collagen) induce synovial membrane inflamma-
tion, which in turn will produce catabolic and
inflammatory factors [2, 3], thus aggravating the
OA process. Increasing evidence suggests that in
OA there is a cross talk between the cartilage,
synovial membrane, and subchondral bone,
which sustains the catabolic process [4, 5].
Synovial inflammation, which is suggested to be
secondary to the release of cartilage products into
the synovial fluid, and subchondral bone remod-
eling by its release of soluble mediators, affects
the cartilage by sustaining its degradation. The
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Fig.1 A model of global pathophysiology of knee osteo-
arthritis and of current multimodal management.
Osteoarthritis can be triggered by external factors includ-
ing trauma and endogenous predisposition factors such as
age, genetics, and high body mass index (BMI). After an
initial phase of cartilage edema, cartilage damage and loss
occurs, which is associated with synovial inflammation,
osteophyte formation, and subchondral bone remodeling.
These structural changes generate pain, disability, and

chondrocytes (autocrine pathway) and synovio-
cytes (see chapter “Overview” under part
“Joints”) in the synovial membrane (paracrine
pathway) release catabolic and proinflammatory
substances. These include proteinases, e.g.,
matrix metalloproteinases (MMPs) and aggreca-
nases, and inflammatory cytokines, including
interleukin (IL)-1p and tumor necrosis factor o
(TNFa), which enhance the synthesis of protein-
ases and other catabolic factors to degrade the
ECM of the articular tissues. Soon, these factors
overwhelm endogenous inhibitors, such as tissue
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reduced quality of life. Current osteoarthritis management
consists of education (on osteoarthritis, its progression,
and its risk factors), weight loss (if necessary), prevention
of injury, exercise, and pharmacological symptomatic
treatment. Common treatments include acetaminophen
(paracetamol), nonsteroidal anti-inflammatory drugs
(NSAIDs), opioids, intra-articular (/A) administration of
hyaluronate and corticosteroids, and symptomatic slow-
acting drugs (SYSADOA)

inhibitors of MMPs (TIMPs) and proinflamma-
tory cytokine inhibitors including the IL-1f
receptor antagonist (Fig. 2). Additionally, in OA,
the loss of integrity of the osteochondral junction
is associated with microcracks and the invasion
of articular cartilage by vascular channels origi-
nating from the subchondral bone, supporting the
molecular cross talk between the subchondral
bone and the cartilage. Continued ECM degrada-
tion in the articular tissues results, preventing the
cartilage from withstanding normal mechanical
factors.
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Fig.2 A model of cross talk between cartilage, synovial
membrane, and subchondral bone leading to an imbalance
favoring articular tissue degradation in knee osteoarthri-
tis. Excessive production of proteases such as matrix
metalloproteinases (MMPs) and aggrecanases, nitric
oxide (NO), and inflammatory cytokines, such as
interleukin-1p (/L-1) and tumor necrosis factor o« (TNFa)
by the chondrocyte contributes to the degradation of artic-
ular tissue including the cartilage. This induces a vicious
circle in which the cartilage fragments activate synovio-
cytes (see chapter “Overview” under part “Joints”), result-
ing in enhanced cartilage degradation and synovial

Osteoarthritis Management

A multimodal approach combining non-
pharmacological and pharmacological treat-
ment (Fig. 1) [6] is at present the best option
for OA management. However, current options
are symptomatic treatments, which mostly aim

inflammation. The attempt to repair, which could occur
via growth factors such as bone morphogenetic proteins
(BMPs) and transforming growth factor f (TGF-p), fails
to achieve a complete repair of the extracellular matrix.
Disease-modifying osteoarthritis drugs, such as inhibitors
of MMPs and aggrecanases, anti-cytokine therapy, anti-
bone remodeling, anti-nuclear factor-kB (NF-xB), and
anti-mitogen-activated protein kinase (MAPK), have been
developed, which aim to inhibit these factors and path-
ways. BML bone marrow lesion, /GF-1 insulin-like
growth factor 1, IL-1Ra interleukin-1p receptor antago-
nist, TIMPs tissue inhibitors of metalloproteinases

at reducing joint pain. They are classified into
rapid- or slow-acting symptomatic agents, and
some of the slow-acting symptomatic drugs
may contribute to slow the natural progression
of joint structural damage. When combined
approaches are unsuccessful, surgical treatments
may be considered.


http://dx.doi.org/10.1007/978-3-7091-0715-7_17

110

Non-pharmacological Treatment

The combination of education, improvement of
muscle strength, and weight loss (if overweight)
are reported to be joint protective and recom-
mended [7], as are orthotic (joint-stabilizing)
devices and prevention of injury.

Pharmacological Treatment:
Rapid-Acting Symptomatic Agents

The rapid-acting symptomatic treatments for OA
consist mainly of analgesics and nonsteroidal
anti-inflammatory drugs (NSAIDs).

Acetaminophen (paracetamol) remains the
first-line therapeutic agent for OA [6] because of
its low cost, efficacy, and safety profile. Opioids
have become more widely prescribed (often in
combination with acetaminophen), especially for
OA patients who experience lack of efficacy, con-
traindications, or intolerance to NSAIDs [6] and
those who cannot undergo total joint arthroplasty
because of comorbidities contraindicating surgery
and anesthesia [7]. However, opioids show sev-
eral, sometimes severe, adverse events, resulting
from binding of opioids to 9, k, and p receptors
that also cause analgesia, including sedation,
vomiting, and respiratory depression. Another
analgesic, duloxetine, may improve knee pain as
well as function [8]. Duloxetine is a selective
serotonin and norepinephrine reuptake inhibitor.
These neurotransmitters are involved in the medi-
ation of endogenous descending inhibitory pain
pathways and central sensitization; in chronic
pain states, their inhibitory effect is reduced or
lost and duloxetine increases their availability and
activity [9]. The main adverse events include nau-
sea, constipation, and hyperhidrosis (increased
sweating).

A second class of rapid symptomatic treat-
ments that aim to block or reduce joint inflamma-
tion is nonselective NSAIDs (such as diclofenac)
and cyclooxygenase-2 (COX-2) inhibitors, also
named coxibs (such as celecoxib). These are rec-
ommended for patients who are unresponsive to
acetaminophen, preferentially during inflamma-
tory flares [6]. The use of NSAIDs is limited by
gastrointestinal, renal, and cardiovascular side
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effects, which increase with age due to comor-
bidities. Coxibs demonstrate fewer gastrointesti-
nal complications than nonselective NSAIDs but
pose a potential cardiovascular risk [10]. Coxibs
inhibit prostacyclin production (by COX-2), but
do not inhibit thromboxane A2 release (from
platelets, formed by COX-1). This potentially
explains the coxib-related cardiovascular risk as
such an imbalance could create continued throm-
boxane A2 production, thus increasing the risk of
thrombosis. Another explanation could be that
some coxibs have been found to increase blood
pressure. NSAIDs can be used orally or topically
with similar efficacy [11]; however, topical appli-
cation shows fewer gastrointestinal complica-
tions but possible local skin reactions.

Corticosteroids are potent anti-inflammatory
drugs that inhibit, among other factors, phospho-
lipase A2, reducing the release of proinflamma-
tory phospholipids. Intra-articular corticosteroid
injection is recommended for OA inflammatory
flares [6].

Hyaluronic acid is a glycosaminoglycan
component of ECM and synovial fluid. It is
involved in the maintenance of joint homeosta-
sis and its concentration is reduced in OA
patients. Intra-articular hyaluronic acid injec-
tion (viscosupplementation) is recommended
for knee OA patients with an inadequate
response to initial therapy [7], despite possible
induced transient pain and swelling at the injec-
tion site [12]. Compared with intra-articular
corticosteroids, viscosupplementation has a
delayed but prolonged effect [12].

Pharmacological Treatment:
Slow-Acting Symptomatic Drugs

Among the symptomatic slow-acting drugs for
OA are glucosamine and chondroitin sulfate,
which demonstrate a pain relief effect.
Glucosamine sulfate is a substrate for the forma-
tion of glycosaminoglycans and shows a protec-
tive structural effect [13]. Chondroitin sulfate, a
sulfated glycosaminoglycan, improves joint
swelling and delays disease progression [13, 14].

Diacerein, an inhibitor of IL-1§ and some pro-
teases, is effective in knee [15] and hip OA [16].
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Diarrhea is the most frequent adverse event,
which likely occurs due to prostaglandin synthe-
sis induced by rhein, the active metabolite of dia-
cerein, leading to an increase in gut motility.

Treatment with avocado-soybean unsaponifi-
ables reduces pain in knee and hip OA persis-
tently, and the effect is prolonged even after
treatment discontinuation [17, 18]. Inhibition of
IL-1p and MMPs has been proposed as potential
mechanisms of action.

Disease-Modifying
Osteoarthritis Drugs

Currently, several classes of DMOADs are in
development or tested in clinical trials (Fig. 2).

Targeting Cartilage Catabolism
and Anabolism

MMP inhibitors aim to block ECM degrada-
tion. One such drug, doxycycline, showed only
a minimal structural benefit and no effect on
pain in a clinical trial [19]. An inhibitor of
inducible NO synthase (cindunistat) revealed a
reduction in joint space narrowing in mild OA
in the first year [20]. Finally, intra-articular
injection of growth factors such as bone mor-
phogenetic protein 7 (BMP7) aims to repair OA
cartilage.

Targeting Synovial Inflammation
by Anti-cytokine Therapy

Blockade of inflammatory cytokines focuses on
IL-1p and TNFa. Other potential targets include
IL-6, nuclear factor-kB (NF-kB), and mitogen-
activated protein kinase (MAPK), as they are
part of the inflammation cascade in OA. Intra-
articular administration of the IL-1p receptor
antagonist anakinra shows controversial results
with regard to symptoms [21], probably due to
the short half-life of the drug and the protocol
used for the clinical studies so far. Moreover,
two antibodies against TNFa (adalimumab, inf-
liximab) were shown to relieve symptoms of

m

hand [22] and knee OA [23], but the results are
still controversial [24].

Targeting Subchondral Bone
Remodeling

Strontium ranelate inhibits bone resorption
in subchondral bone [25]. This results from
decreased differentiation and resorptive activity
of osteoclasts and increased osteoclast apoptosis
[26]. Strontium ranelate reduces the progression
of spinal [27] and knee OA, as assessed in a
Phase III trial by both X-rays [28] and MRI [29].

Risedronate, a bisphosphonate with anti-
resorptive properties, preserves the structural
integrity of the subchondral bone [30], but in a
Phase III clinical trial, no significant effect was
found on the Western Ontario and McMaster
Universities Arthritis Index (WOMAC) or radio-
graphic progression in knee OA [31].

In vitro, calcitonin reduces collagen degrada-
tion by inhibiting the expression and activity of
MMPs in chondrocytes [32]. Oral and nasal
applications of this thyroid hormone involved in
calcium homeostasis are currently being tested
[33]. Recently, a Phase III clinical trial was ter-
minated early, probably due to an imbalance in
prostate cancer events in male subjects [34].

Vitamin D supplementation in one study did
not show any symptom or DMOAD benefits [35].
However, another clinical trial evaluating whether
vitamin D supplementation can slow knee OA
progression is ongoing [36].

A Phase III study evaluating the recombinant
human FGF-18 in patients with knee OA is also
currently underway [37].

Perspectives

OA management is based on a wide spectrum of
therapeutic options to relieve pain and to try to
delay progression. The focus is now on the devel-
opment of DMOAD:s that could be associated with
conventional therapy to provide a more effective
treatment, which remains a huge unmet medical
need worldwide given that OA prevalence is likely
to increase with the aging population.
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