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Abstract: Osteoarthritis (OA) is the most common form of arthritis and the leading cause of
chronic disability among older people. The burden of the disease is expected to rise with an
aging population and the increasing prevalence of obesity. Despite this, there is as yet no cure
for OA. However, in recent years, a number of potential therapeutic advances have been made,
in part due to improved understanding of the underlying pathophysiology. This review provides
the current evidence for symptomatic management of OA including nonpharmacological,
pharmacological and surgical approaches. The current state of evidence for disease-modifying
therapy in OA is also reviewed.
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Introduction
Osteoarthritis (OA) is the most common form of
arthritis and the leading cause of chronic disability
among older people. More than 50% of people
over the age of 65 years have radiological evidence
of OA, with approximately 10% of men and 18%
of women suffering symptomatic OA [Woolf and
Pfleger, 2003]. In a recent population-based
cohort study, the lifetime risk of symptomatic
knee OA was 45% [Murphy et al. 2008].
Cartilage is a complex tissue comprised of an
extensive extracellular matrix of water, type II collagen and aggrecan surrounding the cellular component, chondrocytes. A complex network of
cytokines and growth factors secreted by synovial
lining cells and chondrocytes controls the level of
matrix synthesis and degradation [Felson, 2004].
A loss of homeostasis in the maintenance of
healthy articular cartilage leads to the pathologic
degeneration of articular cartilage in OA [Poole,
2002]. Although cartilage destruction is a central
feature in OA, this is a disease of the whole joint in
which all articular structures are affected. Hyaline
cartilage loss is accompanied by bony remodeling,
capsular stretching and weakness of peri-articular
muscles [Felson, 2006]. In some patients, synovitis, ligamentous laxity and bone marrow lesions
can be observed.
While synovial inflammation in OA is not as
extensive as that observed in the classic inflammatory forms of arthritis such as rheumatoid
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arthritis, there is mounting evidence that cartilage destruction in OA is the result of cartilage
inflammation at the molecular level [Loeser,
2006]. The degeneration is not simply wear and
tear, although the mechanical issues are extremely important [Poole, 2002]. It is the combination of molecular damage and inability to
effectively manage physical forces that leads to
pathology. Abnormal mechanical forces stimulate
the chondrocyte to produce a host of inflammatory mediators which include cytokines and chemokines [Loeser, 2006].
OA typically affects the knee, hip, cervical and
lumbar spine, distal interphalangeal, proximal
interphalangeal, carpometacarpal, and metatarsophalangeal joints. Almost everyone has structural evidence of OA on radiographs in at least
one joint by the age of 70 [Felson, 2004].
Nevertheless, only a proportion of those with
radiographic disease have symptoms. On the
other hand, early painful OA may be unaccompanied by radiographic change. In addition, the
severity of symptoms may not directly correlate
with the severity of structural disease.
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OA typically presents with progressive, insidious
discomfort brought upon by activities such as
walking, climbing, kneeling and typing. Joint
stiffness and contracture may develop from
osteophyte formation or synovitis and capsular
scarring [Lonner, 2003]. Warmth, swelling and
crepitus are associated features. With the
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exception of end-stage disease, OA usually produces little or no pain at rest, which helps to distinguish it from inflammatory forms of arthritis
[Lonner, 2003]. Hyaline articular cartilage contains no nociceptive fibres and therefore is not a
source of pain [Felson, 2006]. Bone, synovial
inflammation and a stretched joint capsule are
likely to be sources of pain.
Management
Thus far, the management of clinical OA has largely relied on symptomatic interventions. While
there is as yet no cure for OA, it has become clear
that the management of risks and predisposing
factors are vital in halting or retarding disease
progression. Recent studies in the development
of disease-modifying OA drugs (DMOADs) are
also promising in the future management of OA.
This review focuses on the current evidence for
nonpharmacological,
pharmacological
and
surgical management options of OA. Recently,
evidence-based international consensus recommendations were developed by the OARSI
(Osteoarthritis Research Society International)
Treatment Guidelines Committee for the management of knee and hip OA [Zhang et al.
2008]. This report provides treatment recommendations based on the supporting level of
evidence, which is derived from a systematic
review of the recent literature [Zhang et al. 2008].
Benefits of therapy have been expressed as effect
sizes (ES) which represent the magnitude of the
mean difference between the intervention and the
control groups after dividing by the standard
deviation of the measures. This allows some comparison across therapies that have different outcome measures. Although a guide only, it has
been suggested that ES  0.2 represents a small
effect, ES  0.5 a medium effect and ES  0.8 a
large effect [Cohen, 1988]. This grading of ES
corresponds to approximate numbers needed to
treat of 13, five and three respectively assuming a
response rate of 60% in the intervention group
[Furukawa, 1999; Cohen, 1988].
Nonpharmacological and preventative
strategies
Education, exercise and weight loss are mainstays
in the management of OA and the promotion of
general health. Patient education about treatment objectives and the importance of changes
in lifestyle, exercise, weight reduction and other
measures is supported by two meta-analyses but
the ES for pain relief is small; 0.06 (0.020.10).

18

The recommendation that initial focus should
be on self-help and patient-driven treatments
rather than on passive therapies delivered by
health professionals is based on expert opinion,
common sense and economic considerations
[Zhang et al. 2008].
Obesity is a significant risk factor for both the
development and progression of tibio-femoral
knee OA (both symptomatic and radiographic)
[Hart et al. 1999; Cicuttini et al. 1997, 1996;
Felson et al. 1997, 1992, 1988; Bagge et al.
1991]. An association, though modest, has also
been demonstrated between obesity and OA at
other sites such as the hip, hand and patellofemoral joint, suggesting that both mechanical
and metabolic factors may be responsible for
the link between OA and obesity. In the
Framingham study, evaluation of 800 women
showed a decrease in BMI of 2 kg/m2 in the
preceding 10 years decreased the odds of
developing symptomatic OA by >50% [Felson
et al. 1992].
Recently, a large clinical trial, the Arthritis, Diet,
and Activity Promotion Trial (ADAPT) study,
randomized 316 overweight or obese older subjects with knee OA to exercise only (combined
aerobic and strengthening), dietary weight loss
only, exercise plus dietary weight loss or a healthy
lifestyle control group. After 18 months, despite
only modest reductions in body weight, significant improvements in pain and physical function
were seen in the diet plus exercise group [Messier
et al. 2004]. A second recent randomized clinical
trial, evaluating a rapid weight loss diet among 80
patients with knee OA, found that a weight
reduction of 10% improved function by 28%
[Christensen et al. 2005]. The authors found
that fewer than four patients would need to
be treated with a low energy diet for one
patient to achieve a 50% improvement in the
Western Ontario and McMaster Universities
Osteoarthritis Index (WOMAC, a measure of
joint pain, stiffness and function) when compared
to a control diet. To date, there are no longitudinal studies evaluating if weight loss slows the progression of knee OA but this effect would appear
to be clinically plausible. The pooled effect sizes
for improvements in pain (ES ¼ 0.20; CI 00.39)
and physical disability (ES ¼ 0.23; CI 0.040.42)
are small with a mean weight reduction of 6.1 kg
(range 4.77.6 kg) [Zhang et al. 2008]. There are
no published randomized controlled trials
(RCTs) for weight loss and hip OA.
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Three systematic reviews evaluating the effect of
exercise for hip and knee OA, have demonstrated
improvement in pain, function, and global assessment [Roddy and Doherty, 2006]. However, data
was pooled in these meta-analyses and included
studies of all exercise types, taking no account of
the nature of the exercise program (eg aerobic or
strengthening). Relatively few comparisons
between aerobic and strengthening exercises
have been made, and both aerobic and strengthening exercises are effective for knee OA [Roddy
and Doherty, 2006]. Pooled ESs for pain relief
are in the moderate range for both aerobic
(ES ¼ 0.52; CI 0.340.70) and muscle strengthening exercises (ES ¼ 0.32; CI 0.230.42) for
OA knee [Zhang et al. 2008]. In an earlier
Cochrane review assessing exercise in hip and
knee OA, there were only two studies totaling
100 participants for hip OA [Fransen and
McConnell 2008]. However, in a recent
meta-analysis of all individual hip OA trials, exercise was found to be more effective, albeit
modest, than attention control [Felson, 2009].
Exercise therapy for OA of the hip or knee should
be individualized and patient-centered, taking
into account factors such as age, comorbidity
and overall morbidity. Group and home exercise
are equally effective and patient preference should
be considered. Hydrotherapy is also a useful
adjunct to any exercise program. Adherence is
the principal predictor of long-term outcome
from exercise in patients with knee or hip OA
[Roddy and Doherty, 2006]. Improvement in
muscle strength and proprioception gained from
exercise programmes may reduce the progression
of knee and hip OA. The enhanced proprioception may also reduce falls risk.
A recent systematic review showed that acupuncture that met adequate criteria was significantly
superior to both sham acupuncture and to no
additional intervention in improving pain and
function in patients with chronic knee pain
[White et al. 2007]. However, there was heterogeneity amongst the eligible studies and further
research is required to confirm these findings and
provide more information on long-term effects.
Another issue is that of the intensity of provider
contact associated with acupuncture and the
physiologic effect of needling [Scharf et al.
2006]. However, the technique is reasonably
safe and well tolerated by most, although several
sessions are usually required. A summary of
the overall evidence showed moderate ESs
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(ES ¼ 0.51; CI 0.230.79) for pain, stiffness (ES ¼
0.41; CI 0.130.69) and function (ES ¼ 0.51,
CI 0.230.79) with a NNT of 4 (CI 39)
for clinically significant relief of pain [Zhang
et al. 2008].
Although assessment of footwear is recommended in most OA management guidelines,
there is a paucity of evidence to support this
[Roddy and Doherty, 2006]. Several observational studies of laterally wedged insoles for
medial compartment knee OA have reported
symptomatic improvement but not three RCTs.
However, in a prospective 2-year RCT, the use of
laterally wedged insoles was associated with
reduced NSAID (nonsteroidal anti-inflammatory
drugs) usage and better compliance [Pham et al.
2004a]. However, there was no alteration of pain,
stiffness or function. There is little research evaluating medial wedged insoles for lateral compartment knee OA. The only RCT showed improved
pain and function with the use of a rearfoot medial
wedge compared to a neutral insole in women
with valgus lateral compartment knee OA
[Hinman and Bennell, 2009]. Further research
is required for validation. There have been no
controlled studies of footwear in hip OA. The following features have been suggested for footwear
for people with OA: thick, soft, shock-absorbing
sole; minimal heel-raise; broad forefoot to allow
splaying of the toes during forefoot loading;
and deep, soft uppers [Roddy and Doherty,
2006]. However, there have been no controlled
studies to support this recommendation.
Evidence from randomized trials is sparse regarding the efficacy of therapies to correct malalignment across the knee joint [Felson, 2006]. In one
trial, a significant reduction of knee pain was seen
in those with medial compartment OA and varus
malalignment, using a neoprene sleeve over the
knee. Knee braces that stabilize the knee joint
and provide a valgus stress have also been
shown to improve pain and function in patients
with medial compartment knee OA [Lonner,
2003]. Patello-femoral pain may be caused by
tilting or malalignment of the patella [Felson,
2006]. Patellar realignment with the use of
braces or tape may lessen pain. In clinical trials
using tape, knee pain was reduced as compared
to placebo.
A walking stick can be used to unload painful
joints. There are no RCTs to support this but
there was complete expert consensus that
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walking aids can reduce pain in patients with hip
and knee OA. This should be held in the contralateral hand at the level of the greater trochanter
of the hip [Felson, 2006]. Use of compression
gloves is helpful for stiffness and pain from
osteoarthritic involvement of the distal and proximal interphalangeal joints [Barnsley, 2005].
A variety of splints are also available for the
carpometacarpal joint.
Pharmacological therapies
Symptomatic measures
Simple analgesia. Both paracetamol and nonsteroidal anti-inflammatory drugs (NSAIDs) are
evidence-based drugs for symptom relief in OA
[Bannwarth, 2006]. Paracetamol is the first-line
pharmacologic agent for the treatment of OA recommended by all international guidelines [Zhang
et al. 2005; Jordan et al. 2003]. A recent metaanalysis concluded that paracetamol is effective
for pain relief in OA, albeit with a small effect
size (ES ¼ 0.21; 95% CI 0.020.41) [Zhang
et al. 2004]. In the recent Cochrane review, paracetamol showed a statistically significant but
small reduction in pain (ES ¼ 0.13; CI
0.040.22) [Towheed et al. 2006]. However,
there was no improvement in overall WOMAC,
suggesting that it should not be expected to have
a strong effect on stiffness or function. There was
no significant difference in toxicity compared to
placebo in short-term trials. However, given its
comparatively favourable side-effect profile, it
should remain the first-line pharmacologic agent.
NSAIDs are effective agents for the treatment of
OA. A meta-analysis concluded that NSAIDs,
including COX-2 selective inhibitors, can
reduce pain and functional disability in knee OA
better than placebo (ES ¼ 0.32; 95% CI
0.240.39; ES ¼ 0.29; 95% CI 0.180.40,
respectively) [Bannwarth, 2006]. NSAIDs might
be more effective in hip OA, based on a systematic
review (ES ¼ 0.69; 95% CI 0.121.26)
[Bannwarth, 2006]. The long-term use of
NSAIDs for OA is not advocated. Interestingly,
in the meta-analysis including eight trials directly
comparing paracetamol and NSAIDs, an aggregated effect size of 0.20 and 0.30 for pain relief
and overall WOMAC index, respectively, were
observed in favour of oral NSAIDs [Bannwarth,
2006]. There is high interindividual variability
in patient response to both paracetamol and
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NSAIDs, but there are no recognized clinical predictors of response.
NSAIDs are associated with more adverse events
than paracetamol in short-term trials, and confirmed in the recent Cochrane systematic review
of short-term RCTs [Relative risk (RR) 1.47;
95% CI 1.082.00] [Zhang et al. 2008].
COX-2 selective inhibitors have been to shown
to be as effective as conventional nonselective
NSAIDs in patients with OA [Bannwarth,
2006]. They are associated with significantly
fewer upper gastrointestinal (GI) complications,
at least in patients not taking low-dose aspirin,
and slightly less dyspepsia compared with conventional NSAIDs. While they are tolerated in
most patients with aspirin-induced asthma, they
have a pattern of nephrotoxicity and drug interactions similar to those of conventional NSAIDs
[Bannwarth, 2006]. There is also no evidence
that COX-2 selective inhibitors are less toxic to
the GI tract than conventional NSAIDs combined with a proton-pump inhibitor (PPI), especially in patients at high risk of developing
adverse GI events. Either of these is recommended in patients with increased GI risk
[Hooper et al. 2004].
Recently, the cardiovascular risks of COX-2
selective inhibitors and NSAIDs have been extensively highlighted. A recent systematic review has
shown that cardiovascular risk was increased with
rofecoxib, diclofenac, indomethacin, and probably meloxicam [McGettigan and Henry, 2006].
Importantly, naproxen, with a pooled relative risk
of 0.97 (95% CI 0.871.07), neither increased
nor decreased risk (ie not cardioprotective as previously thought). Celecoxib increased risk at
doses higher than 200 mg/day, while at lower
doses, risk was not increased. However, the
authors recommend caution in light of four studies published since completion of the
meta-analysis [McGettigan and Henry, 2006].
They suggest that naproxen appears to be the
safest NSAID from a cardiovascular perspective.
It should be noted that lumaricoxib was not
assessed in this meta-analysis. In another systematic review, the overall cardiovascular risk associated with COX-2 selective inhibitors was not
significantly greater than that associated with
conventional nonselective NSAIDS (RR ¼ 1.19;
95% CI 0.801.75) [Hooper et al. 2004]. In a
recent systematic review and meta-analysis of
atherothrombotic complications of COX-2 selective inhibitors and nonselective NSAIDS, the
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incidence of serious vascular events was 1% per
annum in COX-2 selective inhibitor-treated
patients compared with 0.9% in traditional
NSAID-treated patients (RR 1.16; 95% CI
0.971.38) [Zhang et al. 2008]. However,
the heterogeneity in risk among traditional
NSAIDs was observed again (ie ibuprofen and
diclofenac had modest increase in risk but not
naproxen).
It should be noted that the European Agency for
the Evaluation of Medicinal Products advises that
COX-2 selective inhibitors are contraindicated in
patients with ischaemic heart disease or stroke,
and that caution should be exercised in patients
with cardiovascular risk factors [Zhang et al.
2008]. In the opinion of the authors, for an individual with a higher risk of developing peptic
ulcer disease, a short-course of a COX-2 selective
inhibitor may be a reasonable option. In contrast,
in one with high cardiovascular risk, if an
anti-inflammatory has to be used, naproxen
plus a PPI may be the safer option. In summary,
NSAIDs are effective for symptom relief in OA,
and should be prescribed at the lowest effective
dose for the shortest possible duration.
Topical therapy. Short-term use of topical
NSAIDS is safe and effective in OA of the hand
and knee according to a 2004 meta-analysis
[Biswal et al. 2006]. This was also confirmed in
another meta-analysis in 2004 [Lin et al. 2004].
However, these were less effective than oral
NSAIDs. In addition, there was possible publication bias as there was significant asymmetry of a
funnel plot [Zhang et al. 2008]. Their efficacy in
hip OA is questionable because of the depth of
that joint. Four studies have assessed efficacy at 4
weeks or beyond in knee OA, finding a modest
effect (ES ¼ 0.28; 95% CI 0.140.42) [Biswal
et al. 2006]. Topical NSAIDs are usually
well-tolerated with systemic adverse effects
being very uncommon. However, local adverse
events can occur in 1015% of patients.
Topical capsaicin, the active principle of hot chilli
pepper, exerts its effect by enhancing release of
substance P from unmyelinated C nerve fibres
[Rains and Bryson, 1995]. It is modestly better
than placebo in reducing the pain of knee OA and
can take some weeks to take effect [Deal et al.
1991]. Again, local irritation may occur.
Glucosamine and chondroitin. Glucosamine
(an aminosugar) and chondroitin sulphate
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(a glycosaminoglycan) are widely used for the
treatment of OA, although their mechanisms of
action are unclear. These are naturally occurring
constituents of articular cartilage proteoglycans.
A recent updated Cochrane review of glucosamine therapy in knee OA found pain and function improved by 28% and 21% in the Lesquene
index, respectively, compared to placebo
[Towheed et al. 2005]. The Lesquene index is a
10-question survey for patients with knee OA,
assessing pain, walking distance, and activities
of daily living, on a 024 scale [Dawson et al.
2005]. No improvement in WOMAC pain and
function subscales were found. A lack of standardization in glucosamine preparations has contributed to the inconsistency in study results. The
recent US NIH (National Institutes of Health)
sponsored GAIT (Glucosamine/chondroitin
Arthritis Intervention Trial) study found that
the combination of glucosamine hydrochloride
and chondroitin sulphate was only more effective
than
placebo
in
the
subgroup
with
moderate-to-severe OA [Clegg et al. 2006]. In
all other groups, response was similar. However,
the study results are difficult to interpret in view
of the high placebo response, patient selection,
and the use of glucosamine hydrochloride. It is
unclear if the latter has the same potential clinical
benefits as glucosamine sulphate, because most
studies showing efficacy for glucosamine in OA
have used glucosamine sulphate. The effect size
for trials which used glucosamine sulphate was
0.44 (95% CI 0.180.70) compared with 0.06
(95% CI 0.080.20) for those that used glucosamine hydrochloride [Zhang et al. 2008].
A 2003 meta-analysis evaluating chondroitin sulphate for knee OA found that the agent was significantly more effective for pain relief compared
to placebo (ES ¼ 0.43; 95% CI 0.320.54)
[Richy et al. 2003]. No dose effect was noted,
with 1200 and 800 mg/day being similarly effective. However, in the most recent systematic
review, this was less clear. The ES for pain
relief was large (ES ¼ 0.74; 95% CI 0.500.99)
but there was marked heterogeneity between
trials [Reichenbach et al. 2007]. Whilst the data
for glucosamine sulphate and chondroitin sulphate are conflicting, both agents are safe and
well-tolerated. Hence, it is appropriate to trial
both glucosamine sulphate and chondroitin sulphate to assess response, and patients should be
urged to continue for at least 3 months as these
medications are slow-acting.
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Intra-articular therapy. The pain and secondary
inflammation of knee OA can be effectively
relieved by intra-articular corticosteroid injections at 13 weeks (ES ¼ 0.72; 95% CI:
0.421.02), with a NNT of 4 [Bellamy et al.
2006]. Data for long-term efficacy and improvement in function are lacking. Good evidence for
intra-articular corticosteroid injections in hip OA
is sparse but the most recent RCT showed
improvements in pain and mobility in the
steroid-treated group (ES ¼ 0.6) [Qvistgaard
et al. 2006]. The long-term safety of steroid injections has been supported in a 2-year study
[Raynauld et al. 2003]. No serious adverse
events were also reported in the systematic
review [Bellamy et al. 2006]. Attempts to identify
predictors of response such as effusions have not
been consistent. In addition, there have not been
sufficient head-to-head studies comparing different steroid preparations. While it is not possible
to predict individual patient responses, a trial of
injections is certainly worthwhile as they are
generally well-tolerated.
Hyaluronic acid is a large molecular weight glycosaminoglycan occurring in the synovial fluid of
both normal and OA joints. The efficacy of
viscosupplementation with hyaluronic acid injections in knee OA has been said to be comparable
to NSAIDs and corticosteroid injections. A
recent Cochrane review [Bellamy et al. 2005]
concluded that hyaluronic acid showed superior
efficacy compared to placebo for improvement in
pain and function of knee OA. While no
head-to-head analysis between specific products
has been performed, viscosupplementation was
more efficacious from 5 to 13 weeks with regard
to pain, range of motion, and WOMAC and
Lesquene scores [Hogenmiller and Lozada,
2006]. However, data on efficacy are inconsistent, and overall it probably has a small effect
on pain relief [Bellamy et al. 2005]. Another
meta-analysis in 2005 found no evidence for
improved function and no effects on pain compared with saline injections. The inconsistent
results have been attributed to inclusion of different controlled trials, differences in outcome measures and different statistical methods for data
synthesis [Zhang et al. 2008]. The evidence for
hip OA is much less. Acute local reactions have
been reported in 28% postinjection.
Opioid analgesia. A recent meta-analysis
demonstrated a moderate ES for pain reduction
in OA (ES ¼ 0.78; 95% CI 0.590.98) with
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median trial duration of 12 weeks [Zhang et al.
2008]. However, there was substantial heterogeneity between studies [Zhang et al. 2008].
Opioids are also associated with frequent adverse
events, and the number needed to harm was 5
compared to placebo. The withdrawal rates were
higher for stronger opioids (morphine, oxycodone) compared to weaker opioids (tramadol,
codeine). There are also no long-term trials of
opioids in OA. Nevertheless, they have an important role, with caution, in the management of
patients with chronic, intractable pain for whom
surgery is not an option and where other modalities have failed.
Other therapies. Diacerein: rhein, the active
metabolite of diacerein, inhibits IL1 synthesis
and activity which is implicated in cartilage
destruction [Pelletier et al. 2006]. A metaanalysis of controlled clinical studies for knee
and hip OA showed that diacerein was superior
to placebo, similar to NSAIDS, and showed a
carry-over effect at up to 2 months [Rintelen
et al. 2006]. Further study is required before
widespread use.
Complementary therapies: a number of complementary and alternative medications are being
used extensively in the community to manage
OA pain. These include S-adenosylmethionine
(SAMe),
methylsulfonyl-methane
(MSM),
dimethyl sulfoxide (DMSO) and green-lipped
mussel (GLM). Unfortunately, there has been a
paucity of good quality RCTs. A systematic
review on DMSO and MSM highlighted significant methodological issues and the need for
definitive efficacy trials [Brien et al. 2008a]. In
the systematic review of GLM in OA, there
were only four RCTs, and three were placebocontrolled. All assessed GLM as adjunctive therapy to conventional therapy. The findings of
two studies could not be included because of
methodological issues, and further rigorous
studies are required [Brien et al. 2008b].
Disease/structure-modifying therapy
This is an area of active research at present.
Table 1 lists agents that have been assessed for
structure-modifying potential. All these trials
have used radiological joint space narrowing or
width as the structural outcome measure. There
is now growing acceptance that x-rays are less
sensitive that MRIs for measuring cartilage loss
over time. Newer MRI imaging techniques,
particularly compositional imaging such as
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Table 1. Drugs assessed for disease-modifying potential in OA.
Agents

Proposed mechanisms of action

Observed structure-modifying effect

Glucosamine sulphate

May stimulate proteoglycan synthesis by
chondrocytes, mild anti-inflammatory
properties [McAlindon, 2006]
Stimulates RNA synthesis by chondrocytes,
partially inhibits leukocyte elastase,
overcomes dietary deficiency of
sulphur-containing amino acids
[McAlindon, 2006]
Inhibits matrix metalloproteases [Pelletier et al.
2006]

Lower x-ray progression in knee OA at 3 years
[Hogenmiller and Lozada, 2006; Pelletier
et al. 2006]
Lower x-ray progression in knee OA at 2 years
[Hogenmiller and Lozada, 2006; Pelletier
et al. 2006]

Chondroitin sulphate

Doxycycline
Diacerein

Inhibits IL-1 synthesis and activity

Risedronate

Reduces bone marrow lesions in subchondral
bone
Promotes endogenous HA production,
anti-oxidant function in joints, ?lubricate the
joint [Bagga et al. 2006; McAlindon, 2006]
Repress chondrocyte catabolic activities, inhibit
inflammatory mediators [Verbruggen, 2006]

Hyaluronic acid (HA)
Avocado/soybean
unsaponifiables
Strontium ranelate

Stimulate the synthesis of type II collagen and
proteoglycan [Bruyere et al. 2008]

dGEMRIC, T2 mapping and T1rho over the
potential to detect early cartilage change before
radiographic joint space narrowing becomes evident [Gray et al. 2008; Guermazi et al. 2008]. In
addition, other structures within the knee joint
such as subchondral bone, bone marrow lesions,
meniscus and synovium should also be assessed
as these may be relevant in the incidence and
progression of OA.
Glucosamine and chondroitin sulphate are currently commonly used for symptom relief in OA.
In a landmark clinical trial assessing the
disease-modifying potential of glucosamine sulphate, patients were randomly assigned
1500 mg daily of glucosamine or placebo for 3
years [Pelletier et al. 2006]. Patients on placebo
had progressive joint space narrowing whereas no
significant joint space loss was seen in patients on
glucosamine. These findings were corroborated
by two other studies. However, the results have
since been questioned because of the radiographic technique used to measure joint space
width (JSW). The pooled results of two RCTs
showed an ES of 0.24 for joint space loss reduction (95% CI 0.040.43). Radiological outcomes
were assessed in the GAIT study using plain
x-rays. There was no statistically significant
difference in mean JSW loss observed in any
treatment group (glucosamine hydrochloride;

http://tab.sagepub.com

Lower x-ray progression in ipsilateral knee OA
at 2.5 years [Hogenmiller and Lozada, 2006;
Pelletier et al. 2006]
Lower x-ray progression in hip OA at 3 years
[Pelletier et al. 2006]
No difference in knee OA at 2 years [Bingham
et al. 2006]
No difference in knee OA at 1 year (less
progression in milder disease) [Pelletier et al.
2006]
No difference in hip OA at 2 years (less
progression in severe disease) [Verbruggen,
2006]
May reduce x-ray progression of spinal OA
[Bruyere et al. 2008]

chondroitin sulphate; glucosamine hydrochloride + chondroitin sulphate) compared to placebo.
A trend was noted in KellgrenLawrence grade
2 knees towards improvement compared to
placebo. The limitations of the study included
limited sample size, variance of JSW measurement, and a smaller than expected loss in JSW
[Sawitzke et al. 2008].
A few RCTs have reported favourable results for
chondroitin sulphate as a DMOAD for knee OA.
The most recent assessed radiographic progression at 2 years and revealed a significant decrease
in JSW in the placebo group with no change in
the chondroitin group (800 mg/day) [Pelletier
et al. 2006].
Both doxycycline and diacerein have been
assessed in double-blind RCTs. Diacerein was
assessed in hip OA in a placebo-controlled
RCT, and demonstrated significantly lower joint
space narrowing in the active arm [Dougados
et al. 2001]. However, similar effects were not
seen in the knee OA study [Pham et al. 2004b].
Doxycycline, assessed in knee OA, showed
less progression in the active arm compared
to placebo. It is to be noted that this benefit
was only observed in the study knee and not
the contralateral knee. Interestingly, in the doxycycline study, there was a discord between
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symptomatic and structural outcomes, possibly
indicative of different pathways being responsible
for these outcomes [Dougados et al. 2001].
However, this may have also been due to the
selection of the study population, who were not
uniformly seeking medical care for OA. Although
there have been promising results in the search
for DMOADs, questions of clinical significance
remain and further studies are warranted.
New targets under evaluation
As highlighted earlier, OA is disease of the whole
joint, and a number of tissue targets may be
responsible for symptom (pain, function) and
structure outcomes (radiological/MRI progression). A number of agents are being assessed in
clinical trials. Calcitonin has shown promise via
its potential effect on bone remodelling
[Manicourt et al. 2006]. Vitamin D deficiency
has been demonstrated to be a risk factor for
OA, and studies are underway assessing
Vitamin D replacement therapy on the development and progression of disease [Harvey and
Hunter, 2008]. Cathepsin K and aggrecanase
are capable of articular cartilage degradation
[Hunter and Hellio Le Graverand-Gastineau,
2008]. ADAMTS5 is the major aggrecanase
responsible for aggrecan degradation in murine
OA. Inhibition of this protease is under clinical
investigation
[Hunter
and
Hellio
Le
Graverand-Gastineau, 2008].
Synovitis, frequently present in OA, may be
mediated by interleukin (IL)-1B and tumour
necrosis factor (TNF)-a. To date, IL-1 and
TNF blockers have shown little success in OA
clinical trials. A recent study of intra-articular
anakinra found no improvement in symptoms
compared to placebo in OA of the knee
[Chevalier et al. 2009]. In another study of an
autologous IL-1 antagonist, there was no difference compared to placebo with WOMAC outcomes [Yang et al. 2008]. However, these
cytokines also enhance the release of prostaglandin E2, inducible nitric oxide synthase (iNOS),
and histamine from chondrocytes, meniscal cells
and mast cells [Hunter and Hellio Le GraverandGastineau, 2008]. Animal models of arthritis and
pain suggest that inducible Nitric Oxide Synthase
(iNOS) inhibitors may have a role in OA treatment
[Hunter
and
Hellio
Le
Graverand-Gastineau, 2008]. This was borne
out in a recent study of inflammatory mediators
produced by OA cartilage as detected by protein
antibody array [Jarvinen et al. 2008]. Bradykinin,
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released in synovitis, is able to excite and sensitize
sensory nerve fibres. A recent phase II study
demonstrated improvement in OA knee pain
with a specific bradykinin-B2 receptor antagonist
compared to placebo [Hunter and Hellio Le
Graverand-Gastineau, 2008].
Nerve growth factor (NGF) is another target of
interest. NGF and its receptors are expressed in a
number of joint tissues and are suggested to be
involved in joint physiology and OA. Tanezumab,
a humanized monoclonal antibody against NGF,
was shown in two RCTs of chronic OA pain to
significantly improve WOMAC scores more than
placebo [Hunter and Hellio Le GraverandGastineau, 2008]. With the improved understanding of the pathophysiology of OA, the
future is promising for the development of effective symptomatic and structure modifying agents.
Surgery
Surgery is indicated for patients with pain and
impairment of function refractory to nonmedical
and medical therapy. Joint replacement surgery
results in improved pain and function, and is
cost-effective in its capacity to improve quality
of life [Lonner, 2003]. For hip and knee OA,
total arthroplasty remains the definitive procedure. Given the nature of the intervention, most
evidence stems from uncontrolled observational
studies and cohort studies. A recent systematic
review reported substantial improvements in
pain and physical functioning [Ethgen et al.
2004]. Pain scores improved over 36 months.
Minimally invasive arthroplasty is also available,
with reported benefits including shorter hospital
admission, and reduced need for narcotic analgesia and walking assisted devices at 2 weeks
[Leopold, 2009]. However, there are only a few
randomized trials and the technique is greatly
dependent on the expertise of the surgeon
[Leopold, 2009].
Unicompartmental knee arthroplasty is also
being increasingly performed with faster recovery
time [Lonner, 2003]. A recent systematic review
showed similar outcomes with knee pain and
function at 5 years after unicompartmental or
total knee arthroplasty, with better range of
movement after unicompartmental knee arthroplasty. Complication rates were similar but prosthesis survival was longer at 10 years for total
knee arthroplasty (>90% compared to
8590%) [Griffin et al. 2007].

http://tab.sagepub.com

A Anandacoomarasamy and L March
Both shoulder and elbow replacements are also
performed, albeit with less success than in the hip
and knee. However, a recent large retrospective
cohort study demonstrated that shoulder arthroplasties were as safe as the more commonly performed hip and knee arthroplasties [Farmer et al.
2007]. The shoulder arthroplasty group was
noted to have a significantly lower comorbidity
index than the knee arthroplasty group. Several
surgical options are available for carpometacarpal
joint OA.
When medical options are ineffective in managing OA, the willingness of the patient to consider surgery should be assessed along with
comorbidities or modifiable risk factors that
may prevent surgery. The optimal timing of
joint replacement is also a key issue [Weng and
Fitzgerald, 2006]. Long-term survival of the
prosthesis is the major concern in the younger
patient (<60 years old). It is hoped that improvement in prosthetic design and materials will lead
to longer survival. Ninety-day postoperative
outcomes after primary knee replacement have
been described, and the following rates of
complications have been observed: mortality
(0.7%), readmission (0.9%), pulmonary embolus
(0.8%), wound infection (0.4%) [Weng and
Fitzgerald, 2006].
Arthroscopy with or without debridement is ineffective in OA of the knee unless there are loose
bodies or meniscal tears needing removal or
repair [Lonner, 2003]. The data for joint lavage
and arthroscopic debridement in knee OA is limited, and largely consists of uncontrolled cohorts
[Zhang et al. 2008]. A good placebo-controlled
RCT with sham surgery demonstrated no significant differences in pain and function. However,
methodological issues regarding study design and
data analysis were raised regarding this study. A
recent Cochrane review determined that arthroscopic debridement had no benefit for undiscriminated knee OA [Laupattarakasem et al. 2008].
In a recent RCT, arthroscopic surgery for OA of
the knee was found to provide no additional benefit to optimized physical and medical therapy
[Kirkley et al. 2008].
High tibial osteotomy (HTO) for medial compartment knee OA may delay the need for
arthroplasty. This was assessed in a meta-analysis
of 19 uncontrolled cohort studies, and good or
excellent outcomes were achieved in 75% of
patients at 60 months, and the average time to
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arthroplasty was 6 years [Zhang et al. 2008].
A Cochrane review found that valgus HTO
improves knee function and improves pain
[Brouwer et al. 2007]. Procedures such as drilling
and abrasion arthroplasty are not always effective
for managing articular cartilage defects [Wasiak
et al. 2006]. When they are, long-term benefits
may not be maintained and OA may develop,
resulting in the need for total knee arthroplasty.
Mosaicplasty and autologous cartilage implantation have also been used to manage focal chondral defects [Wasiak et al. 2006]. This is an area
of ongoing research and better techniques are
likely to be identified in the future. Lastly,
joint fusion can be considered as a salvage procedure when joint replacement has failed [Zhang
et al. 2008].
Conclusion
In summary, in patients identified with OA, conservative management options should be implemented including a combination of education,
exercise and physiotherapy, weight loss, simple
analgesia and neutraceuticals. There are promising early data for some disease modifying drugs
but further studies are required. Functional
aids and orthotics may also be indicated. As
symptoms escalate, strategies including antiinflammatories and intra-articular steroids can
be employed. In a patient who continues to have
pain, loss of function and/or disability despite
optimal conservative management, surgery
should be considered.
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