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Abstract

Objectives Osteoarthritis (OA) of the knee and hip is among the most frequent and
debilitating arthritic conditions. Aside from surgical intervention in severe cases,
conventional treatment involves relieving painful symptoms with non-steroidal
anti-inflammatory drugs (NSAIDs), narcotic and non-narcotic (weak) analgesics
and physical therapy. To obtain insight into the extent of pathological changes in hip
and knee OA we reviewed current literature on the pathogenesis of this state as a
basis for current pharmacotherapy options.
Key findings Key features of the pathological joint changes in OA include: cartilage
destruction by pro-inflammatory cytokines, matrix metalloproteinases and prostag-
landins, which promote a catabolic environment; subchondral bone remodelling
and resorption; hypertrophic differentiation of chondrocytes; neovascularisation of
synovial tissue; and focal calcification of joint cartilage. Despite the central involve-
ment of hyaline cartilage in OA pathogenesis, the source of pain likely stems from the
richly innervated synovium, subchondral bone and periosteum components of the
joint. Tissue damage during joint degeneration generates nociceptive stimuli. The
presence of inflammatory mediators, including bradykinin, prostaglandins and leu-
kotrienes, lowers the threshold of the Ad and C pain fibres, resulting in a heightened
response to painful stimuli.
SummaryIt is our opinion that it is important to base and centre the management of
OA patients on the severity of patient-important outcomes, rather than purely an
assessment of damage to the joint. The joint damage, as interpreted from radio-
graphs, is not necessarily representative of the symptoms experienced. The manage-
ment of OA primarily comprises pharmacological therapy, surgical interventions
and various non-pharmacological interventions.

Introduction

Osteoarthritis (OA) is the most common musculoskeletal
joint disease worldwide, affecting individuals from all coun-
tries and races.[1–4] The most significant problem for OA
patients is pain and discomfort, which can lead to additional
problems such as limitations in function and altered social
behaviour both at home and in the workplace.[1,2] It is also
one of the oldest known diseases, having been noted in
skeletons of dinosaurs, Egyptian mummies and human
skeletons found in the UK.[3] Despite its prevalence through-
out history, the aetiology is not yet fully understood. An
exact definition of the disease has not been established
due to its heterogeneous nature and diverse contributing
factors.[1–5]

The treatment of OA involves multiple interventions, both
pharmacological and non-pharmacological, according to the
severity of joint destruction in this disease.[6,7] Non-steroidal
anti-inflammatory drugs (NSAIDs) and non-narcotic and
narcotic drugs constitute the mainstay of pain-relieving
therapy in OA, although the efficacy of these drugs and their
attendant adverse reactions vary considerably among these
treatments.[6–8]

In this review we consider the factors implicated in the
development and pathogenesis of OA focusing in particular
on one of the most common sites of this condition, the knee,
and using this understanding to establish a basis for current
pharmacotherapy practices.
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Aetiology and pathogenesis of
osteoarthritis

OA is a disorder of diarthrodial (synovial) joints, character-
ized by degeneration and loss of articular cartilage in associa-
tion with changes in the underlying subchondral bone and
synovium.[1,4,5,7] It involves a series of destructive inflamma-
tory processes and a complex interplay of factors accompany-
ing the destruction of the joint’s integrity and progression to
joint dysfunction and pain.[5,6,7] OA can be sub-classified as
either primary or secondary.[4,5,7] Primary or idiopathic OA
refers to cases where the disease occurrence is not related to
any prior condition or event affecting that joint, but which
occur in definable patterns.[4] When the disease occurs in
joints that have previously experienced trauma, pre-existing
disease, or deformity, it is referred to as secondary OA. The
common causes of secondary OA include fractures, congeni-
tal disorders and metabolic disorders; they are outlined in
Table 1 from Buchanan and Kean[6] (as modified with details
from Michael et al.[7]).

OA can occur in any diarthrodial joint, but is most com-
monly found in the hip, knee, facet joints of the spine, distal/
proximal interphalangeal (DIP and PIP) joints of the hand
and metacarpal trapezioscaphoid joints of the thumb base.[5]

It is often the case that multiple joints are involved, although
the condition can be limited to an individual joint.[1]

Epidemiological evidence of occurrence and
impact of osteoarthritis

An examination of the worldwide epidemiology of OA
reveals that it poses a pressing public health concern.[2,9–15]

The prevalence and corresponding societal burden of
OA is sizable, with the cost to developed countries
thought to be trailing only that of cardiovascular
disease.[2] Analyses solely of OA’s socioeconomic data are
limited, often clumped together with other arthritic
conditions.

The high prevalence of OA is confirmed in many recent
studies in Western populations,[2,9–14] and is increasing in
Asia.[15] Among the more recent extensive investigations to
establish the incidence of OA in a national population is that
provided by Kopec and co-workers,[16] who modelled the
incidence of this condition in Canada using a Population
Health microsimulation Model (PoHM) that they had devel-
oped. They used data based on physician reports and admin-
istrative data for the province of British Columbia, Canada
and Quality of Life data based on Canadian national surveys.
The incidence rates increased linearly in the 50–80 age range.
In women the incidence was greater than in men. At 50 years
of age the incidence per 1000 patient years (10[3] py) was 6.8 in
men, while in women this was 8.2. By 80 years of age the inci-
dence had risen to 23.8/10[3] py in men and 31.1/103 py in
women.

Arthritis currently accounts for 2–3% of all disability, and
this is expected to rise substantially.[2,8] Financial costs
incurred by a country as a whole involve not only treating
those suffering from arthritis, but also the disability and loss
of work productivity related to disease problems. For
example, costs of arthritis in the USA amount to almost $65
billion per year, with $15 billion in medical expenses and the
remainder incurred from loss of work wages and other indi-
rect costs.[17] In OA cases, it is the pain and the resulting limi-
tation of activity that leads to work loss. Estimates place the
total economic burden of arthritic diseases between 1 and
2.5% of gross national product in developed countries.[18]

Although OA is generally not as individually disabling as
rheumatoid arthritis, it is seven times more frequent in the
population and thus contributes en masse to the bulk of the
above-described socio-economic impact.[3] Estimates made
by the World Health Organization (WHO) suggest that limi-
tation of movement is experienced by 80% of people with
OA, and that 25% are unable to carry out important daily
activities.[18]

A major issue with OA of the hip and knee is that it is
associated with high mortality (which increases with age),
cardiovascular disease, diabetes mellitus and walking dis-
ability.[12,14] Obesity undoubtedly contributes markedly to
both morbidity and mortality associated with OA[16,19,20] and
contributes to deterioration in quality of life and marked
increase in pain.[21]

The association with increase in inflammatory markers
provides strong evidence that central obesity is the major
component of what is described as a metabolic syndrome that
contributes to OA.[21]

Table 1 Some causes of secondary osteoarthritis[5–7]

Congenital Localized diseases (e.g. congenital hip
dislocation, Legg-Calvė-Perthes disease,
slipped femoral epiphysis). Bone dysplasias
(e.g. multiple epiphyseal dysphasia,
spindylo-epiphyseal dysplasia, malposition
(varus/valgus))

Trauma Both acute and chronic involving the joint or
nearby bone causing malalignment

Metabolic Ochronosis, haemochromatosis, Wilson’s disease
(hepato-lenticular degeneration), calcium
pyrophosphate dihydrate disease (CPPD),
rickets

Endocrine Acromegaly, diabetes mellitus, obesity
Joint disease Septic arthritis, rheumatoid arthritis, gout
Neurological Charcot’s arthropathy (tabes dorsales, diabetes,

syringomyelia and Charcot-Marie-Tooth
disease)

Vascular Avascular necrosis
Bone disease Paget’s disease of bone (osteitis deformans)
Unknown Kashin-Beck or Uror disease, Meseleni disease?

Selenium deficiency.
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Risk factors

Attempts to determine the prevalence of OA are plagued with
challenges due to the heterogeneity of the disease and some-
times also the difficulty in obtaining a clear diagnosis.[10,11,22,23]

Notably, there is inconsistency between radiographic evi-
dence of OA in patients and manifestation of symptoms espe-
cially with OA of the knee.[19–22] Early epidemiological studies
noted that only 15% of patients with radiographic evidence
of OA manifested corresponding symptoms.[10,24] Thus,
prevalence determinations can vary greatly depending on
diagnostic criteria and whether one is utilizing radiographic
or symptomatic assessments. Lawrence et al.[11] estimated the
prevalence of clinical (symptomatic) OA in the USA to be
around 27 million adults. More recently it has been estimated
from census-based data[25] that 13% of 14 338 292 adults aged
60–64 years old have radiographic and symptomatic evidence
of knee OA.Among those surviving into the next decade, 20%
will have symptomatic advanced or end-stage knee OA.
Obese subjects will have a three-fold higher incidence of
knee OA than the non-obese.[26] Use of magnetic resonance
imaging (MRI) may increase the sensitivity of detection and
assessment of progression of knee OA.[27]

Although OA is found in all age groups, older age is
strongly correlated with occurrence of OA in all joints, and
can be viewed as the predominant associated risk factor
for the disease.[11,17] There is an exponential increase in the
occurrence of severe OA after the age 50 years.[18] Estimates
place the prevalence of OA at less than 5% of the 15–44-
year-old bracket, 25–30% of 45–64-year-olds, and 65–90%
of seniors, depending on the population of interest.[18] The
strong age association has been partly attributed to bio-
chemical changes in the matrix (containing proteoglycans
and collagen fibres) of hyaline articular cartilage in synovial
joints. Also, chondrocytes in older individuals are less able
to produce proteoglycans to maintain the constitution of
the cartilage matrix, making the joints more susceptible to
OA.[3] The clear age association explains the increases in OA
that have been seen, and will continue to be seen, due to an
ageing population.[27]

Although all races are affected by OA, there are some
notable variations in terms of prevalence and joint involve-
ment among different races.[9,10,15] For example, hip OA is less
frequent in the Chinese population; it is postulated that
squatting practices confer a protective effect on the hip.[2]

Most studies show that obesity is a considerable risk factor for
OA in Asian populations and since obesity is increasing in this
group it is apparent that OA is also becoming more prevalent
along with aging of the population.[6,15] OA is also prevalent in
rural Asian communities, associated with heavy physical
occupational activity.[2] It is suggested that region-specific
identification of the prevalence of OA will inform cost-
effective measures in these populations in the future.[2] Ciga-

rette smoking, which is increasingly prevalent in emerging
economies, is also known to be associated, especially in men,
with more severe knee pain and greater cartilage loss.[28]

Obesity is also correlated with disease in the hand,[29] but
no consistent association between obesity and hip-joint
involvement has been identified.[2,3,10] High bone density is a
predisposing factor for OA, while osteoporosis (low bone
density) is thought to be protective of OA. These and other
risk factors, including trauma, occupation, genetics and diet,
are thoroughly reviewed by Buchanan and Kean.[2]

A summary of the endogenous and exogenous risk factors
implicated in knee OA is shown in Table 2.[2,7]

Although early studies by Roberts and Burch in 1966[9]

indicated that OA affects men and women equally, there have
been increasing reports indicating that the burden of the
disease is generally weighted more heavily on females.[16,27] It
is clear that knee OA and hand OA (manifesting as Heber-
den’s nodes) are more common in females but it is also noted
that forms such as hip and spine OA tend to occur more often
in males.[3] For example, women have a 37% greater risk of
having knee OA than males, and this disparity increases for
women over the age of 55.[14,16,27]

Genetic factors

These are amongst the most important of the endogenous
factors implicated in predisposing individuals to OA.[7,30]

Recent studies have shown that: (1) in female twins genetic
factors play a major role in OA of the knee and hip; (2) in only
a few rare cases is a single gene implicated; (3) it is most likely
that the development and progression of OA is due to

Table 2 Endogenous and exogenous risk factors for osteoarthritis of
the knee

Endogenous Exogenous

Age: advancing age affect of both
sexes altered locomotor
(sterognostic) control of
opposing muscle groups

Macrotrauma and repetitive
loading repetitive microtrauma

Sex: females more prone to
develop Heberden’s nodes and,
if obese, knee OA

Overweight (BMI > 30)

Heredity: Heberden’s nodes
inherited as autosomal trait.
Genetically determined
metabolic disorders (e.g.
ochronosis and Ehler-Danlos
syndrome) predispose to OA

Ethnic origins: more common in
persons of European descent.
Less common in Asians.
Climatic changes.
Post-menopausal changes

Resective joint surgery

Modified from: Buchanan and Kean[2] and Michael et al.[7]
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interactions between multiple genes, including those control-
ling growth and differentiation, specific disease factors con-
trolling joint erosion or destruction and inflammation,
including nociception.[7,31,32] From these studies[30,31] it has
been established that there is a 300-kilobase region in chro-
mosome 7q22 associated with susceptibility to risk of OA.
Moreover, these studies have identified genetic variants con-
trolling: (1) production of molecules including growth and
differentiation factor 5 (GDF5), which regulates signalling
pathways; (2) production of extracellular matrix molecules
(e.g. DVWA); (3) prostaglandin metabolism.[31]

Genetic association studies have also identified
single nucleotide polymorphisms (SNP) (rs912428), among
them a C/T transition in the LRCHI gene (which encodes
for leucine-rich repeats and calponin homology
domain containing protein 1) located in intron 1 of
chromosome 13q14.[33] Other polymorphisms, including the
rs143383 of the GDF5 gene (which encodes growth differen-
tiation factor 5) and rs7775 and rs288326 polymorphisms of
the FRZB (which encodes the frizzled-related protein gene
responsible for development and maintenance of bone
and cartilage and is a key constituent in the Wnt signalling
pathway that influences chondrocyte differentiation and
cartilage growth), have been investigated but only the
GDF5 rs143383 polymorphisms have yet been implicated in
OA.[34]

More recently, Waarsing and co-authors[35] have tried to
identify OA susceptibility genes in relation to non-optimal
geometry as a risk factor for OA of the hip. They took data on
190 sibling pairs and two trios of Dutch ancestry that had
symptomatic OA and quantified radiographs according to
different shape aspects of the hip, which they termed ‘modes’.
Each mode represented a specific pattern of variation in
shape of the hip joints observed radiographically. The shape
modes were then related to the SNP’s of key genes that have
been associated with skeletal development, and which have
been identified with the OA susceptibility genes, GDFS, FRZB
and DI02 The results showed that 4 carrier status of DI02
rs12885330 and OA hip characteristics for one of the modes
of non-optimal shape. This suggests that the carriers of this
gene SNP have increased vulnerability of cartilage to non-
optimal shape. Two other shape modes were associated with 2
gene SNP’s, DI02 rs12885300 and GDF5 rs143383 but these
were not associated with characteristics of OA. These shape
characteristics represented features of hip morphology and
acetabular geometry.

Although more detailed genetic analysis is still required for
hip OA, these studies give some insight into the importance of
intrinsic morphological characteristics of hip joints and pre-
disposition to OA. While, as previously noted,[31] there are
growth and differentiation genetic variants associated with
knee or hip OA, further discrimination and determination of
these in relation to joint morphology along the lines of the

study by Waarsing et al.[34] may prove important in under-
standing OA.

A prediction model has been developed by Takahashi
et al.[36] based on a combination of genetic and clinical data in
2158 Japanese subjects of whom 933 had OA. As previously
identified, the susceptibility gene GDF5 as well as the asporin
gene, ASPN, and a double version of von Willebrand factor A
gene, DVWA, associated with OA were analysed and were not
found to have good predictability. However, incorporation of
clinical data improved the associations appreciably, especially
when rigorous age adjustment was employed.

It is becoming recognized that heterogeneity in symptoms
and radiographic classification of OA limit the identification
of phenotypes. Recently a large international consortium
(Translational Research in Europe Applied Technologies for
OsteoArthritis (TREAT-OA)) has made recommendations
for standardization and phenotypic descriptions for genetic
analysis.[37] These form part of the overall objectives of
TREAT-OA to identify risks for OA and new therapeutic tar-
gets.[37] Using these criteria the consortium identified the
principal chromosome 7q22 associated with knee and hand
OA.[30] Also, the same consortium identified a variant,
(rs4140564) on chromosome 1, coding for the prostaglandin
endoperoxide synthase-2 gene (COX-2), as being associated
with knee OA.[38] This is of particular significance in view of
prostaglandins being central to pain and inflammation in
OA. In contrast, another inflammatory mediator system, in
this case incorporating genes involved in the production and
actions of interleukin 1 (IL-1), indicated that genetic varia-
tion in the genes controlling IL-1 are not associated with
prevalence of knee or hip OA.[39] However, the interleukin
receptor antagonist gene IL1RN might have a role in influ-
encing the severity of knee OA.[39]

In a search for biomarkers based on genome-wide linkage
studies, Chen and co-workers[40] showed that serum concen-
trations of the N-propeptide of type IIA collagen (PIIANP;
chromosome 8q23.20), hyaluronan (HA; chromosome
6q16.3), cartilage oligomeric matrix protein (COMP; chromo-
some 8q11.1) and type Ii collagen neoepitope (C2C; chromo-
some 5q31.2) all had substantial heritable components (with
logarith (base 10) of DODS scores of 2–4.3). These data are of
particular interest since they imply that genetic variants of
these genes, which are central to collagen, hyaluronan and car-
tilage growth, are potentially related to the occurrence of OA.

Another functional approach to understanding the genet-
ics of knee OA has been observed in Chinese patients with
inherited primary OA of the knee, (Kashin-Beck disease
(KBD)).[41] This condition is characterized by multiple focal
areas of chondronecrosis in mature chondrocytes of the
growth plate and articular cartilage, and is frequently associ-
ated with selenium deficiency, mycotoxin-producing fungi or
high humic-acid levels in drinking water.[41] Using an Agilent
whole genome RT-PCR oligonucleotide micro array of RNA
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from KBD and OA articular cartilage it was found that there
was a two-fold higher differential expression (increased or
decreased) in KBD compared with OA samples in some 6000
or more transcripts. The genes associated with chondrocyte
matrix metabolism, cartilage degeneration and induction of
apoptosis were all found to be implicated in KBD.

Cellular and molecular pathogenesis
of osteoarthritis

There are numerous contributing mechanisms and a
complex interrelated series of biochemical, mechanical and
immunological events that give rise to the changes in articular
cartilage (and the synovial joint as a whole) seen in OA. To
date no single causative factor for OA joint damage has been
identified and current views favour multiple causative factors
(Table 2).

Joint structure related to changes in
osteoarthritis

A brief overview of synovial joint structure may be helpful.
In the synovial joints of healthy individuals, hyaline cartilage
is present as a thin layer covering the articulating surfaces of
the joint; it rests upon the subchondral bone, much like a
covering material.[1] The cartilage serves to decrease friction
and also distributes the force exerted by loads evenly onto the
underlying bone; the cartilage itself is too thin to accept the
load.[1,5] Cartilage cells, the chondrocytes, produce the ele-
ments of the extracellular matrix which include proteogly-
cans and collagen fibres (mainly type II). Collagen gives the
cartilage tensile strength, and proteoglycan aggregates (called
aggrecans) confer compressive strength. Glycosaminogly-
cans (including keratin sulfate) are bound to a protein core
to form these aggrecans. The proteoglycan aggrecans are
attached to hyaluronate via link protein to give a structural
appearance of a test-tube brush in the matrix. Proteoglycan
aggrecans bind lots of water and give hyaline cartilage a
plentiful and hydrated matrix. Early in OA, there is a noted
increase in the water content of hyaline cartilage accompa-
nied by corresponding decreases in proteoglycan concentra-
tion, length and aggregation. The increased water content
and proteoglycan changes decrease cartilage stiffness and
give rise to fibrillation (rough appearance) of the cartilage
surface. Severe fibrillation leads to formation of deep clefts
that cannot be repaired despite the reparative efforts of
chondrocytes, and cartilage proceeds to erode. Along with
the cartilage damage, there are concurrent morphological
changes in subchondral bone. Also seen is the formation of
subarticular cysts (geodes) in the subchondral bone as syn-
ovial fluid infiltrates. Flattening of bone due to pressure,
leads to the development of bony projections, known as
osteophytes, in non-pressure areas of the joint. Osteophytes
are characteristic features of OA and are easily identified in

radiographs (Figure 1). Additionally, trabecular microfrac-
tures are seen in the subchondral bone and these are associ-
ated with the overlying cartilage damage.[42,43] Clinically,
subchondral bone is frequently tender, especially in the knee,
probably as a result of microfracture.[44] It has been previ-
ously identified that where the bone is tender, there is an
increased uptake on isotope 99mTc scans.[5] This is identified
from MRI studies as bone marrow oedema in the tibia and is
predictive of OA.[45]

In many cases of the disease, the debris from cartilage
degradation is released into the synovial fluid and gives
rise to synovitis. The synovial inflammation is viewed as a
concomitant event contributing to the pathogenesis, and
is due to the cartilage breakdown products (e.g. prote-
oglycan link protein) with immune-stimulating properties
(Figure 2).[7,46]

Cytokines and other inflammatory mediators are first
produced by the synovium where the inflammatory reaction
is taking place, and then act on the chondrocytes.[47] The
activated chondrocytes go on to produce a number of dif-
ferent cytokines and factors, such as tumour necrosis
factor-a (TNFa), interleukin1b (IL-1b), nitric oxide (NO)
and prostaglandins, that promote the catabolic environment
in the cartilage and the ensuing structural changes.[46] Matrix

Figure 1 Osteophytes (bony spurs) and cartilage degradation in the
tibiofemoral joint (right) gives rise to malalignment, pain and reduced
physical function.[1]
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metalloproteinases (MMPs) have been shown to play a role
in structural changes of cartilage early in the pathogenic
process. These are produced by activated chondrocytes of
osteoarthritic joints and include the protease aggrecanase,
which cleaves proteoglycans. Collagenase is another potent
MMP that cleaves collagen fibres, thereby breaking down the
cartilage matrix.[46]

Despite the central role of hyaline cartilage in OA patho-
genesis, it is an unlikely source of pain since it lacks innerva-
tion. Other components of the joint, such as the subchondral
bone, synovium (which undergoes inflammation) and peri-
osteum, are all richly innervated. C nerve fibres are unmyeli-
nated and carry information to the central nervous system
about diffuse, non-localized, burning pain. Ad fibres carry
information about sharp pain. Tissue damage during joint
degeneration generates nociceptive stimuli that are carried
by these afferents to the dorsal horn of the spinal cord and
are perceived as pain by the brain. The inflammatory media-
tors produced by synovium and chondrocytes are able to
lower the threshold of the Ad and C fibres, resulting in an
increase in their firing rate in response to painful stimuli.
These mediators include bradykinin, prostaglandins and
leukotrienes.[1,5,46]

Key features of the pathophysiology of joint changes
in OA are: (1) cartilage destruction principally by pro-
inflammatory cytokines, IL-1b and TNFa[47,48] generated by
inflamed synovium and invading leucocytes, which cause
release of matrix metalloproteinases (MMPs) from both syn-
ovium and cartilage; (2) subchondral bone remodelling and
resorption of bone mediated by catabolic molecular path-
ways (e.g. receptor activator of nuclear factor-kappa B

(NFkB) (RANK) and its ligand RANK-L, cathepsin K), as well
as anabolic signalling (e.g. Wnt and fibroblast growth factor
(FGF)-18) in new bone modelling;[49,50] (3) hypertropic dif-
ferentiation of chondrocytes;[51] (4) neovascularization of
synovial tissue;[51] (5) focal calcification of joint cartilage;[51]

(6) production of mesenchymal stem cells as part of
the homoeostatic compensatory mechanisms involved in
regeneration.[52]

Recently, there has also been much interest in: (1) the
molecular mechanisms underlying cartilage remodelling;[53]

(2) the role of infrapatellar fat as a major source of pro-
inflammatory cytokines, vascular sources of inflammatory
cytokines, sensory nerve derived substance P and leptin,
which all contribute to synovial inflammation, articular car-
tilage degeneration and osteophytosis;[54] (3) the impact of
reduced muscle strength adjacent to OA knee joints resulting
from increased pro-inflammatory cytokine expression in the
vastus lateralis muscle along with expression of atrophy
related genes;[55] (4) the increasing recognition of hypoxia-
inducible factor-2a (HIF-2a) arising from mechanical
loading or inflammatory changes mediated via NFkB signal-
ling along with HIF-1a from hypoxia, which may represent
key upstream initiating stimulatory pathways affecting carti-
lage homoeostasis and development of OA;[56,57] (5) the major
role played by MMP-13 (collagenase-3) but with evidence
for limited effectiveness of inhibitors of this enzyme;[57] (6)
the discoid Denman receptor-2, syndecan-4, transforming
growth factor-b and alarmins (myeloid related proteins 8 and
9) as regulators of chondrocyte degradative events;[57] (7)
bone morphogenic proteins as regulators of chondrocyte
differentiation and matrix remodelling;[58] (8) mitogen-
activated protein kinases (MAPKs) as key regulators of carti-
lage proteoglycan degradation end products (AGEPs) and
their receptors (RAGEs), which are produced or activated,
respectively, in diabetes mellitus and most arthritides as ini-
tiators of pro-inflammatory changes, cell cycle arrest and
osteoclastogenesis;[59,60] (9) the events involved in initiation of
apoptosis in chondrocytes, which is largely driven by pro-
inflammatory cytokines (e.g. TNFa).[61]

In the light of the plethora of molecular and cellular path-
ways in the pathogenesis of OA it is not surprising that there
have been virtually no effective agents developed for arresting
or reversing the joint destruction in this condition although
there have been some encouraging developments.[6,49,51,52,57,61]

Despite the application of anti-IL1 or anti-TNFa biologicals
it is disappointing that these highly specific agents targeting
‘upstream’ inflammatory mediators have not realized their
therapeutic potential.[61]

Responses to pharmacotherapy

Several groups of experts, using evidence-based medicine
techniques, have developed proposals or ‘guidelines’ for the

Figure 2 Cartilage breakdown products and debris with immune-
stimulating properties may give rise to detritus synovitis, inflammation of
the synovium.[6]
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management of hip or knee OA.[62–64] Thus there is a range of
treatment modalities used in the management of OA. It is
important to note that there is not a universal agreement on
how to best treat hip and knee OA, although major interna-
tional collaborative efforts have attempted to inform best
practice on the basis of systematic reviews of published clini-
cal trials. Among these is the initiative by the Osteoarthritis
Research Society International (OARSI), whose recent rec-
ommendations represent the best comprehensive of available
consensus information to date.[62–64]

This consensus report reviews available data on pharmaco-
logical, non-pharmacological and surgical treatments.[62–68]

A popular view is that treatment of OA centres on both
non-pharmacological treatments (exercises, education/
information/self management, weight reduction, electro-
magnetic or ultrasound and other physical therapies)
together with pharmacological treatments. Surgical treat-
ment, largely consisting of arthroplasty of the hip and knees,
can significantly improve pain and functionality in some OA
patients.[2] About 90% of hip and knee replacements are for
cases of OA[8], and it has been estimated that half of all hip OA
patients referred to hospital clinics have symptoms that are
severe enough to warrant hip-replacement surgery.[2] Phar-
macological intervention is the most widely used form of
treatment and involves the use of the simple analgesics such
as paracetamol (acetaminophen) along with NSAIDs. There
has been much debate about whether paracetamol or
NSAIDs should be used as ‘first-line’ agents,[2,52–64] although
paracetamol at up to 4 g/day has received wide advocacy. The
recent OARSI (2010) review (along with European League
against Rheumatism (EULAR), the UK National Institute for
Clinical Excellence (NICE) and the American Society of
Orthopedic Surgeons (AAOS) guidelines) recommended
paracetamol 4 g/day for OA of the hip or knee and the
strength of recommendation from OARSI is high, despite
uncertainties about the long-term efficacy and safety of this
drug.[64] This is a bizarre conclusion in view of the weight of
evidence from OARSI analyses in which the cumulative meta-
analysis suggests that the pain relief is small, particularly in
comparison with that obtained using NSAIDs. Furthermore,
paracetamol has no significant effect on stiffness or physical
function in symptomatic knee OA.[64] What is of concern is
that recent evidence suggests that far from having low gas-
trointestinal risk (especially compared with that from
NSAIDs), paracetamol >3 g/day has appreciable upper gas-
trointestinal side effects (risk of hospitalization from perfora-
tion, ulceration or bleedings (PUBs)).[65] There is also
evidence for mild loss of renal function in women following
long-term consumption and decline in glomerular filtration
rate.[66] Moreover, the incidence of hypertension in men[67]

and cardiovascular conditions[68] associated with paraceta-

mol is of concern. The recent advisory committee recom-
mendations of the US Food and Drug Administration (FDA)
indicate that the adult daily dose should be less than 4 g/day
paracetamol and that over-the-counter preparations of this
drug should be limited to 650 mg per unit dose because of
concern about hepatotoxicity from paracetamol.[69] These
concerns, as well as OARSI recommendations,[62–64] have
therefore shifted the balance of evidence in favour of NSAIDs
as first-line agents for hip and knee OA.[64,70] As ibuprofen is
recognized as having the lowest risks for gastrointestinal and
hepato-renal adverse events among the NSAIDs and is a
widely used over-the-counter treatment for OA, we review
elsewhere in this Journal, clinical evidence for efficacy and
major adverse events.

Some authors (e.g. Herontin and Chevalier[71]) have found
the ‘expert guidelines’ (e.g. those from the OARSI[62–64]) are
not useful. The OARSI group has developed 25 guidelines,
including 8 for pharmacology modalities, 12 for non-
pharmacology modalities and 5 for surgery modalities.[62–64]

Herontin and Chevalier[71] have stated that the usefulness of
the guidelines in daily practice is very low, and the barriers for
the guidelines’ implementation are: the lack of interest of
practitioners; the lack of scientific advances in OA diagnosis
and treatments; and the low applicability of these guidelines
in daily practice.

Conclusions

It is our opinion that it is important to base and centre the
management of OA patients on the severity of patient-
important outcomes, rather than purely an assessment of
damage to the joint. The joint damage, as interpreted from
radiographs, is not necessarily representative of the symp-
toms experienced. The management of OA primarily com-
prises pharmacological therapy, surgical interventions and
various non-pharmacological interventions. The next paper
in this set outlines the pharmacology and clinical aspects of
the use of ibuprofen, one of the most commonly used
NSAIDs, in OA of knees and hips.
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