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Focusing osteoarthritis management
on modifiable risk factors and future
therapeutic prospects

David J. Hunter

Abstract: The pathogenesis of osteoarthritis (OA) appears to be the result of a complex
interplay between mechanical, cellular, and biochemical forces. Obesity is the strongest risk
factor for disease onset and mechanical factors dominate the risk for disease progression.
This narrative review focuses on the influence of biomechanics and obesity on the etiology
of OA and its symptomatic presentation. We need to revisit the way we currently manage
the disease and focus on the modifiable, primarily through nonpharmacologic intervention.
Greater therapeutic attention to the important role of mechanical factors and obesity in
OA etiopathogenesis is required if we are to find ways of reducing the public health impact
of this condition.

Keywords: osteoarthritis, management, nonpharmacologic

Introduction
Osteoarthritis (OA) affects an estimated 21 mil-

lion Americans [1998; Lawrence et al. 1998],

and recent estimates suggest that symptomatic

knee-OA occurs in 13% of people aged 60 and

over [Dunlop et al. 2001; 1998]. The risk of

mobility disability (defined as needing help walk-

ing or climbing stairs) attributable to knee OA

alone is greater than that due to any other med-

ical condition in people aged 65 and over

[Guccione et al. 1994; 2001]. Although this

prevalence is high, it is expected to increase

even further with the increasing prevalence of

obesity and the aging population [1994].

Despite its frequency and impact from disability,

OA is a condition that is often poorly managed in

clinical practice.

Sir William Osler, considered to be the ‘Father of

Modern Medicine’, once said ‘osteoarthritis is an

easy disease to take care of when the patient

walks in the front door, I walk out the back

door’ [Balint et al. 1987]. No-one denies that

the management of OA is a challenge, however,

modern clinicians are armed with a plethora of

effective treatment options many of which are not

used effectively and the importance of modifiable

risk factors is not recognized.

The two modifiable risk factors that account for

the majority of disease development and its pro-

gression are obesity and altered joint mechanics.

Numerous studies have highlighted the impor-

tance of mechanical factors on the etiopathogen-

esis of this disease [Andriacchi et al. 2004;

Carter et al. 2004; Jackson et al. 2004; Shakoor

and Moisio, 2004; Teichtahl et al. 2003; Kerin

et al. 2002]. Obesity is the single most important

risk factor for development of severe OA of the

knee, more so than other potentially damaging

factors including heredity [Coggon et al. 2001;

Felson and Zhang, 1998]. Despite the recogni-

tion that both joint mechanics and obesity are

critically important in disease genesis and symp-

toms, little is done to effectively intervene on

these important risk factors. Instead, the primary

focus of current therapeutic interventions is pal-

liative � primarily limited to analgesia, and, when

this fails, surgical intervention.

This narrative review focuses on the influence

of biomechanics and obesity on the etiology of

OA and its symptomatic presentation. We need

to revisit the way we currently manage the disease

and focus on what is modifiable, primarily

through nonpharmacologic intervention.

In order for this change in clinical management
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of OA to occur we need to recognize the missed

opportunity to intervene on these modifiable

risk factors. Pursuant to that recognition, a

co-ordinated process to address OA management

and outcome-oriented efforts to address cur-

rent shortcomings in clinical practice should

be undertaken. The paper is a narrative review

of methods focused on redressing limitations

in the current standards of clinical management

of OA.

Problems with current clinical management
of OA
Major efforts are underway internationally to

reform health care to optimize outcomes and to

reduce costs. One of the most expensive aspects of

health-care delivery is the management of OA.

According to the US Centers for Disease

Control (CDC), arthritis and other rheumatic

conditions (AORC) cost the United States

US$128 billion in 2003, a 24% increase since

1997 and an amount equal to 1.2% of the gross

domestic product (GDP) [Centers for Disease

Control and Prevention (CDC), 2007].

The most prevalent and disabling form of arthritis

is OA. The burden of disability for our patients

and the increasing societal cost of treating this

illness should encourage reflection and redress

our current methods of managing this prevalent

disease, both in the public-health and clinical-care

settings.

In the absence of a cure, current therapeutic

modalities are primarily aimed at reducing pain

and improving joint function by agents targeted

toward symptoms that do not facilitate any

improvement in joint structure or long-term dis-

ease amelioration [Zhang et al. 2008; Hunter,

2007; Hunter and Felson, 2006; Zhang et al.

2005; Jordan et al. 2003; Anonymous, 2000].

Despite a number of evidence-based guidelines

for OA management, [Zhang et al. 2008;

Hunter, 2007; Hunter and Felson, 2006; Zhang

et al. 2005; Jordan et al. 2003; Anonymous,

2000] a number of reports have outlined subop-

timal care for patients with OA [DeHaan et al.

2007; Jawad, 2005; Pencharz et al. 2002 Glazier

et al. 1998]. These studies demonstrate inade-

quate uptake of conservative, nonpharmacologic

treatment options such as weight loss and exer-

cise, inappropriate surgical interventions such as

arthroscopic debridement and lavage and the

inappropriate use of imaging. These are just a

few of the examples which are discussed further

here, but inevitably the limitations of current

management methods need to be recognized

and endorsed by the interested stakeholders

(including clinicians engaged in OA manage-

ment) and processes (such as quality and out-

come indicators) put in place to address them.

The typical management of OA in clinical prac-

tice is palliative � analgesia followed by surgical

intervention. While both analgesia and surgery

have a critical role to play, at present this is all

many clinicians do. The most widely used anal-

gesic agents, nonsteroidal anti-inflammatory

drugs (NSAIDs) and cyclo-oxygenase (COX)-2

inhibitors are associated with high rates of

adverse events (AE) [Ortiz, 2004; Felson et al.

2000]. NSAIDs alone cause over 16,500 deaths

and over 103,000 hospitalizations per year in the

US [Wolfe et al. 1999]. In addition, these drugs

rarely relieve symptoms completely. In clinical

trials of OA, different NSAIDs performed simi-

larly, with people reporting an approximate 30%

reduction in pain and 15% improvement in func-

tion [Todd and Clissold, 1990].

Many individuals with OA ultimately require

total joint replacement, a procedure that is also

not without inherent morbidity and cost.

Although OA can be treated surgically, there

are many patients for whom this is inappropriate,

because of medical comorbidity, old age or other

circumstances [Zhang et al. 2008]. In the youn-

ger and more active individual, it is desirable to

delay arthroplasty due to the limited lifespan of

the prosthesis and the necessary lifestyle changes

that accompany it. Surgery should be resisted

when symptoms can be managed by other treat-

ment modalities. At present there is no metric

whereby the use of conservative management

prior to surgery is monitored.

Another major challenge with current clinical

practice is the overuse of imaging for a diagnosis

that can be made clinically. In light of the current

lack of therapy that can modify the disease

course, and the imprecision of imaging measure-

ment, there is currently no rationale for obtaining

serial radiographs if the clinical state remains

unchanged. Magnetic resonance imaging (MRI)

should be used infrequently to facilitate the diag-

nosis of other causes of knee pain that can be

confused with OA (e.g. osteochondritis disse-

cans, avascular necrosis). Various imaging proce-

dures such as CT, MRI, and PET scans have

grown to a $100 billion industry in the United

States. According to Dr Vijay Rao, chairwoman
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of the radiology department of the Thomas

Jefferson University Hospital, of the over 95 mil-

lion high-tech scans done in the US annually,

20�50% were unnecessary because their results

failed to help treat or diagnose the patient’s ail-

ment [Rao, 2009]. The penchant to obtain serial

radiographs and MRIs in persons with OA typi-

cally does not alter management.

One important consequence of the penchant for

imaging is to drive up the rates of unnecessary

surgical intervention. One frequent and unfortu-

nate consequence of this in knee OA is meniscal

resection. The menisci have many functions in

the knee, including the equal distribution of

stress between the relatively incongruous tibio-

femoral joint surfaces, stability enhancement

and lubrication [Seedhom et al. 1974]. The

absence of a functioning meniscus increases

peak and average contact stresses in the medial

compartment in a range of 40 700% [Baratz

et al. 1986; Fukubayashi and Kurosawa, 1980;

Kurosawa et al. 1980]. Degenerative meniscal

lesions such as horizontal cleavages, oblique or

complex tears are associated with older age

[Englund et al. 2008]. By the time radiographic

disease develops, the overwhelming majority of

patients have meniscal lesions [Englund et al.

2008; Bhattacharyya et al. 2003]. In asympto-

matic patients with a mean age of 65 years, a

tear was found in 67% using MRI, whereas in

patients with symptomatic knee OA, a meniscal

tear was found in 91% [Bhattacharyya et al.

2003]. Resection of a non-obstructive degenerate

meniscus may only remove the earliest evidence

of OA while disease progression proceeds

[Moseley et al. 2002]. Arthroscopic debridement

and meniscal resection remains the most fre-

quently performed procedure by orthopedic sur-

geons in the US [Brinker et al. 2002; Hall and

Lawrence, 1998]. Up to 1 million knee arthros-

copies are performed annually in the US. In a

well-designed placebo surgery trial, improvement

in symptoms could be attributed to a placebo

effect [Moseley et al. 2002]. For a small sub-

group of knees with loose bodies or flaps of

meniscus or cartilage that are causing mechanical

symptoms, especially locking or catching of the

joint, arthroscopic removal of these unstable tis-

sues may improve joint function and alleviate

these mechanical symptoms. The majority of

people with knee OA do not complain of these

symptoms. Recent guidelines (including the most

recent from OARSI [Zhang et al. 2008] and

AAOS [2009]) recommend against the use of

routine arthroscopy for knee OA management.

To date, these recommendations have not been

reflected in changes in clinical practice.

Our inability as medical professionals to ade-

quately satisfy the demands of our patient’s com-

plaints of pain and functional limitation is leading

to the pursuit of other treatments with limited

efficacy. With few conservative options offered

by their doctors, increasing numbers of patients

are turning to untested alternative remedies and

aggressively marketed dietary supplements with

little substantive evidence to support their effi-

cacy [Gardiner et al. 2007]. These are just

some of the reasons for us to reflect on OA man-

agement, to recognize these limitations, and to

redress them accordingly.

The genesis of joint symptoms
A full understanding of the risk factors for pain

and other symptoms in knee OA requires consid-

eration of a range of biopsychosocial factors

[Dieppe and Lohmander, 2005]. The symptoms

of OA are typically described as mechanical � i.e.

they occur with physical activity. However, sub-

jects with the same degree of structural damage

experience widely differing levels of pain, a phe-

nomenon that is poorly understood [Hunter

et al. 2008b]. Differences in joint forces and

joint stress during functional activities may

assist in explaining the dissociation between

radiographic structural findings and pain.

Malalignment has been previously shown to be

a predictor for functional decline in knee OA

and plays a role in the ‘mechanical’ nature of

OA-related pain [Sharma et al. 2001].

Lower-limb OA may lead to adaptive strategies in

gait to reduce the loading in an otherwise vulner-

able joint [Mundermann et al. 2004; Hurwitz

et al. 2002]. These strategies include adopting a

toe-out gait and/or slower walking speed. They

can be reinforced or learned by appropriate

rehabilitation and offer a potential for another

conservative approach to knee OA therapy.

In addition to strategies adopted by patients,

prescribed medication may alter joint loading.

Commensurate with reductions in pain,

NSAIDs also offer improvements in a person’s

walking speed [Blin et al. 1990]. Some of the

increase in joint loading may be a direct conse-

quence of faster walking speeds following the use

of the NSAIDs, but previous analyses have also

demonstrated increases in both the adduction
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and quadriceps moment in people who experi-

enced pain relief with piroxicam [Schnitzer

et al. 1993]. Of particular concern is the fact

that anti-inflammatory or analgesic therapy may

actually be associated with an increase in joint

forces. Whether this is the mechanism that

explains the potential for increased structural

damage associated with NSAID use remains

unclear [Huskisson et al. 1995].

The impact of modifiable factors on disease
onset and progression
OA occurs in joints when the dynamic equilib-

rium between the breakdown and repair of joint

tissues becomes unbalanced [Eyre, 2004]. This

progressive joint failure may cause pain and dis-

ability [Guccione et al. 1994], although many

people with structural changes consistent with

OA are asymptomatic [Hannan et al. 2000].

OA can occur in any synovial joint in the body

but is most common in the knees, hips and

hands.

OA is perhaps best understood as resulting from

excessive mechanical stress applied in the context

of systemic susceptibility. Susceptibility to OA

may be increased in part by genetic inheritance

(a positive family history increases risk), age,

ethnicity, nutritional factors and female gender

[Felson, 2004a]. The susceptibility to OA can

also be influenced by the mechanical environ-

ment. For example, the predilection for OA

being more prevalent in women than men may

partly be explained on the basis of the female

knee being more mechanically vulnerable to

OA. Quadricep strength in men is greater than

in women and this difference may play an impor-

tant role in improving joint stability [Hassan

et al. 2002; Slemenda et al. 1998]. The higher

fat-mass and lower muscle-mass in women may

explain some of the gender difference in OA sus-

ceptibility although this is conjectural and needs

to be formally tested [Madsen et al. 1997]. Other

gender differences that impact upon joint loading

include pelvic dimensions, knee morphology,

Q-angle, and neuromuscular strength [Huston

et al. 2000]. For instance, disproportionate load-

ing of the lateral compartment in women likely

arises from differences in knee stability/stiffness

that is reduced in women as a result of decreased

neuromuscular strength and increased ligamen-

tous laxity [Hewett, 2000; Huston et al. 2000;

Shelbourne et al. 1998].

Local mechanical factors such as the adduction

moment, malalignment, and muscle strength

make the knee joint vulnerable to the progression

of OA [Felson, 2004b]. The human knee is a

complex joint with considerable forces on the

articular surfaces during weight bearing. In

theory, any shift from a neutral or collinear align-

ment of the hip, knee, and ankle affects load

distribution at the knee [Tetsworth and Paley,

1994]. The medial compartment bears a resul-

tant 60�70% of the force across the neutrally

aligned knee during weight bearing [Andriacchi,

1994] and, because it is subjected to more load

than the lateral compartment, this may play a role

in the predisposition to medial tibiofemoral com-

partment progression in OA [Ledingham et al.

1993]. In a varus knee, this axis passes medial

to the knee and a moment arm is created,

which further increases force across the medial

compartment. In contrast, in a valgus knee, the

load-bearing axis passes lateral to the knee, and

the resulting moment arm increases force across

the lateral compartment [Tetsworth and Paley,

1994]. Varus and valgus malalignment, respec-

tively, have been shown to increase the risk of

subsequent medial and lateral knee OA radio-

graphic progression [Sharma et al. 2001].

Malalignment provides only a static impression

of the mechanical forces being imparted on the

joint in one plane. The dynamic moment that

provides a major contribution to the total loading

across the knee joint is usually labeled the adduc-

tion (or external varus) moment at the knee

[Andriacchi, 1994]. Higher maximum adduction

moments at the knee are related to OA disease

severity and to a higher rate of progression of

knee OA [Miyazaki et al. 2002; Sharma et al.

1998]. Of the risk factors known to be associated

with disease progression, the adduction moment

is the most potent that has been identified

[Miyazaki et al. 2002]. Understanding the role

alignment plays in OA etiopathogenesis is impor-

tant because it modulates the effect of standard

risk-factors for knee OA progression including

obesity [Sharma et al. 2000], quadricep strength

[Sharma et al. 2003], laxity [Sharma et al. 2003]

and stage of disease [Cerejo et al. 2002; Sharma

et al. 2001].

Local mechanical factors mediate the impact of

more systemic factors such as obesity on the knee

[Felson et al. 2004]. Obesity is the single most

important risk factor for development of severe

OA of the knee and more so than other poten-

tially damaging factors including heredity
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[Coggon et al. 2001; Felson and Zhang, 1998].

Because obesity is both a risk factor for OA and

has been increasing in prevalence over the past

four decades [Ogden et al. 2006; Flegal et al.

2002], it is likely that more individuals will be

affected by knee OA in the future.

Relation of joint mechanics to patellofemoral
osteoarthritis
The patellofemoral (PF) joint transmits relatively

high forces through relatively small contact areas.

The PF joint-reaction force (JRF) increases with

increasing knee flexion. The JRF during walking

(10�15� of flexion) is approximately 50% of

bodyweight. Walking upstairs (60�), the JRF is

3.3 times bodyweight. During squats (130�),

the JRF is 7.8 times bodyweight [Grelsamer

and Weinstein, 2001]. It is therefore not surpris-

ing that the patella is involved in over half of cases

of symptomatic knee OA, with combined tibio-

femoral and PF OA found in 41% of subjects and

isolated PF disease found in 11% of subjects

[McAlindon et al. 1996]. The dominant pattern

of PF OA is lateral PF involvement in approxi-

mately 80% of cases [Hunter et al. 2007; Elahi

et al. 2000; Harrison et al. 1994; Iwano et al.

1990]. Consistent with this, the pain and disease

progression of PF OA occur when abnormal

kinematics (lateral patellar tilt) produce excessive

pressure on the lateral patellar facet [Ficat, 1978;

Ficat and Hungerford, 1977]. A number of stu-

dies have demonstrated that the relation of the

patella with reference to the femur plays a critical

role in determining the rate of disease progres-

sion and predisposition to symptoms in persons

with PF OA [Hunter et al. 2007; Kalichman

et al. 2007a; 2007b; Niu et al. 2005].

Relation of joint mechanics to hip
osteoarthritis
There is strong evidence that mechanical and

structural changes around the hip are major etio-

logical factors in the development of hip OA

[Harris, 1986; Tanzer and Noiseux, 2004].

Childhood diseases such as Legg-Perthe’s disease

and slipped capital femoral epiphysis predispose

the hip to OA at a young age [Rab, 1999;

Goodman et al. 1997; Leunig et al. 1997;

Snow et al. 1993]. Acetabular dysplasia is well

known to be a major precursor of OA

[Cooperman et al. 1983; Harris, 1986]. In

these patients, overload of the acetabular rim is

the pathomechanism that ultimately leads to OA

[Klaue et al. 1991]. It was originally assumed

that 50% of hip OA was idiopathic

(not associated with any obvious deformity)

[Lloyd-Roberts, 1955]. More recent studies

have found that 90% or more of hip OA cases

can be attributed to anatomical abnormalities

[Harris, 1986; Solomon, 1976; Tanzer and

Noiseux, 2004].

The need to refocus treatment strategies on
modifiable risk factors
At present, therapeutic interventions are palliative

� they are primarily limited to analgesia and

when this fails, surgical intervention. We need to

change this paradigm to intervene when structural

changes may be reversible. In the absence of phar-

macologic agents that can modify disease, we need

to reappraise our current treatment strategies to

focus on modifiable risk factors for symptom gen-

esis and disease progression (Figure 1). The over-

whelming preponderance of treatments available

for OA is drugs and/or surgery. For example, in a

meta-analysis of trials in OA, 60% of them were

assessing the effect of drug treatment and

26% were evaluating surgical procedures [Tallon

et al. 2000]. The remarkable lack of studies

evaluating rehabilitation techniques, nonpharma-

cologic interventions, and other self-management

techniques, has been labeled ‘research agenda

bias’ by Tallon and colleagues [Tallon et al.

2000] and is, in part, a consequence of lucrative

drug development opportunities and reimburse-

ment to procedural specialists. The toxicity/

adverse event profile of the most commonly

used existing therapies (such as NSAIDs, COX-

2 inhibitors and total joint replacement) is very

unfavorable when compared to conservative inter-

ventions such as weight loss, braces and orthotics

[Jordan et al. 2003].

In an era where the prevalence of OA is exploding

due to the combined effects of aging and obesity

we are at a critical nexus where many of the cur-

rent therapies are either ineffective or even harm-

ful. The withdrawal of COX-2 inhibitors due to

safety concerns [Ortiz, 2004], the inability to

demonstrate the efficacy of many currently

widely-used therapies (including viscosupple-

ments and glucosamine [Clegg et al. 2006; Lo

et al. 2003]) has created an urgent need to

address the overwhelming burden of symptoms

related to this condition in our community with

safe and effective therapies.

As a clinician managing OA, efforts should be

made where possible to influence modifiable risk

factors. In the first instance, the clinical encounter

DJ Hunter
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should target identification of individual risk fac-

tors (including altered alignment, obesity and

muscle weakness) and the therapeutic interven-

tion should be tailored to target the individual.

The majority of people with OA are overweight

or obese and there is good evidence for the efficacy

of weight management for OA [Messier et al.

2004] and this is advocated by most OA guide-

lines. For each kilogram of weight lost, the knee

will experience a fourfold reduction in load during

daily activities[Messier et al. 2005]. In practice

however, weight management is not frequently

implemented [DeHaan et al. 2007; Hutchings

et al. 2007; Jordan et al. 2004]. If someone is

overweight or obese they should be engaged in

a combination diet and exercise program aimed

at a weight reduction of greater than 5% of body-

weight [Messier et al. 2004].

Another pivotal and frequently ignored [DeHaan

et al. 2007; Hutchings et al. 2007; Jordan et al.

2004] aspect of conservative treatment of OA is

exercise. Exercise increases aerobic capacity,

muscle strength and endurance, and also facili-

tates weight loss [Messier et al. 2004; Ettinger

et al. 1997]. All patients capable of exercise

should be encouraged to partake in a low-impact

aerobic exercise program (walking, biking, swim-

ming or other aquatic exercise) designed not to

aggravate their underlying symptoms. Quadricep

weakness is common among patients with knee

OA, in whom it had been believed to be a mani-

festation of disuse atrophy, which develops

because of unloading of the painful extremity

[Hurley, 1999]. Quadricep strengthening exer-

cises have been demonstrated to lead to improve-

ments in pain and function [2005; Roddy et al.

2005a; 2005b]. Quadriceps weakness is also a

risk factor for the development of knee OA,

presumably by decreasing stability of the knee

joint and reducing the shock-attenuating capacity

of the muscle [Hurley, 1999; Slemenda et al.

1998]. Recently, a clinical trial evaluated the

effects of lower-extremity strength training on

knee OA progression [Mikesky et al. 2006].

The strength training group experienced less fre-

quent progression than the range of motion com-

parator. Guidelines routinely advocate exercise,

[Zhang et al. 2008; Hunter, 2007; Hunter and

Felson, 2006; Zhang et al. 2005; Jordan et al.

2003; Anonymous, 2000] however, clinical prac-

tice does not reflect this recommendation

[DeHaan et al. 2007; Hutchings et al. 2007;

Jordan et al. 2004].

Patient education

Self-management programs

Weight loss (if overweight or obese)

Aerobic exercise programs

Physical therapy

Muscle-strengthening exercises

Assistive devices for ambulation

Patellar taping

Appropriate footwear

Medial-wedged insoles (for genu valgum)

Bracing

Occupational therapy

Joint protection and energy conservation

Assistive devices for activities of daily living

Pharmacologic intervention

Surgical
intervention

Figure 1. The tadpole of revised osteoarthritis management. We have a vast array of nonpharmacologic tools
that are currently grossly underutilized. When these are ineffective, pharmacologic options should be intro-
duced. When both nonpharmacologic and pharmacologic interventions fail then surgery is an option.
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Despite their current underemphasis in clinical

trials and practice, therapies targeting the patho-

mechanics of OA are efficacious [Andriacchi

et al. 2004; Hinman et al. 2003; Pollo et al.

2002; Draper et al. 2000; Kirkley et al. 1999].

The etiopathogenesis of OA is in large part the

result of local mechanical factors acting within

the context of systemic or local susceptibility.

Recent studies suggest that mechanical forces

play an important role in predisposition to both

symptoms and structural change [Andriacchi

et al. 2004; Carter et al. 2004; Jackson et al.

2004; Shakoor and Moisio, 2004; Teichtahl

et al. 2003 Kerin et al. 2002]. At present, there

are a number of therapeutic options that can

modify joint forces, including patella taping,

braces, orthotics, shoes and osteotomies for the

knee and surgical correction of hip deformity

associated with femoro-acetabular impingement

syndrome [Pollo et al. 2002; Draper et al.

2000; Kirkley et al. 1999]. Observational study

data would suggest that through altering joint

mechanics we may also alter the rate of disease

progression however this remains to be demon-

strated in a well-designed clinical trial. Further

reading about devices that target pathomechanics

is available in a recent review [Gross and

Hillstrom, 2008].

Evidence-based guidelines have the potential to

improve the quality of health care by promoting

interventions of proven benefit and discouraging

unnecessary, ineffective or harmful interventions

[Woolf et al. 1999]. Recent years have seen a

number of evidence-based guidelines developed

for OA management, [Zhang et al. 2008;

Hunter, 2007; Hunter and Felson, 2006; Zhang

et al. 2005; Jordan et al. 2003; Anonymous,

2000] including the most recent additions from

OARSI and AAOS. There is some consistency

[Misso et al. 2008; Poitras et al. 2007;

Pencharz et al. 2002] in the numerous guidelines

that are available for OA management, [Zhang

et al. 2008; Hunter, 2007; Hunter and Felson,

2006; Zhang et al. 2005; Jordan et al. 2003;

Anonymous, 2000] yet, despite some dissemina-

tion attempts, clinical practice does not reflect

these recommendations [DeHaan et al. 2007;

Jawad, 2005; Pencharz et al. 2002; Glazier

et al. 1998]. There are delays in uptake, particu-

larly of nonpharmacological recommendations,

and variance in the application of recommenda-

tions by clinicians in different contexts [DeHaan

et al. 2007; Denoeud et al. 2005; Jawad, 2005;

Mazieres et al. 2005; Sarzi-Puttini et al. 2005].

In addition, qualitative information suggests that

the needs of patients are not being met with

regard to the quantity and quality of information

provided about OA and its treatment, the emo-

tional needs of patients, and patient�clinician

communication [Rosemann et al. 2006; Chard

et al. 2002].

Given the number of guidelines available relevant

to OA, and the consistency of recommendations

within them, and considering the time and

resources required for guideline development,

future efforts to guide management of OA of

the hip and/or knee are better directed towards

implementing practices known to be effective

[Misso et al. 2008]. There is worldwide interest

in developing and implementing patient-centered

models of care to support the integration of evi-

dence into practice and improve patient health

outcomes for people with chronic conditions,

including OA [Chassany et al. 2006; Ouwens

et al. 2005].

Another burgeoning issue that will likely drive

this change is that the continued growth of

health care spending is not sustainable and has

been responsible in part for recent calls for

health-care reform. The major platforms of

health-care reform are cost containment through

optimizing effectiveness and quality. Manage-

ment of musculoskeletal disease is expensive

and a large portion of that relates to OA. If clin-

icians do not become involved in quality metrics,

outcomes reporting and monitoring standards, it

will be forced upon them by payers/insurers. A

recent study demonstrates that rheumatologists

in clinical practice do not follow up OA patients

and don’t use health status measures and, if they

were to, would not know how to interpret them

[Bellamy et al. 2009]. This recent study clearly

demonstrates that rheumatologists are poorly

prepared for the brave new world of monitoring

quality of care in OA. If patients are not followed

up and metrics of health status are not measured,

and even if they were are uninterpretable, we

have a lot of education and innovation ahead of

us. The brave new world of electronic health

records, benchmarking, using data to inform

shared decision-making and therapeutic goal-

setting is upon us. Current rheumatologists are

ill-prepared for these aspects of OA management.

Rheumatology fellowship educational reforms

and clear efforts in continuing medical education

are desperately needed to ready us for these

changes. While these data do not speak to other
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medical or surgical specialties that care for per-

sons with OA, I have no reason to believe they are

better prepared than rheumatologists.

Future therapeutic prospects
There is no OA equivalent to measuring high

lipid levels, atherosclerosis, hypertension, or

high glucose and glucose tolerance, for example,

as we have for cardiovascular disease and dia-

betes, where one can detect and treat the disease

precursors pre-emptively before the associated

processes lead to end-organ failure. Instead, the

‘watchful waiting’ of steady decline to end-stage

joint disease is a major cause of disablement and

loss of quality of life. A number of obstacles exist

to revising the status of OA care, but foremost

amongst these is our penchant to utilize radiog-

raphy to diagnose and study OA. Radiography is

the mainstay of imaging of OA for diagnostics

and clinical investigations, and is the only struc-

tural outcome metric accepted by the FDA for

efficacy of a pharmaceutical intervention.

Recent advances in other prevalent rheumatic

diseases has resulted in diseases that were asso-

ciated with inexorable decline, being treated

proactively with associated preservation of struc-

ture and function. The advance of biologic ther-

apy in rheumatoid arthritis has seen dramatic

shifts in preservation of structure and discussion

of a new classification of disease remission.

Recent evolution in medical care for osteoporosis

has seen a marked reduction in fracture rates with

their associated morbidity, with the appropriate

institution of antiresorptive drug therapy.

Unfortunately, we don’t have this proactive

stance available in OA, and with current struc-

tural definitions and measurement strategies that

is unlikely to change. We desperately need to

focus on earlier disease where changes may be

reversible, if we are not to continue current ther-

apeutic approaches that are largely palliative.

If we are to develop interventions for OA

that target the joint before it is irreversibly

damaged [Brandt et al. 2006] we need to identify

disease earlier and target the tissue that leads to

the cascade of events we describe as joint failure.

The denudation of cartilage (subchondral bone

exposed) is irreversible and by the time people

develop radiographic OA, the overwhelming

majority have areas of denuded cartilage

[Hunter et al. 2008a]. MRI studies provide

strong evidence that ascertainment of disease

on radiographs only provides insights into late

stage disease [Reichenbach et al. 2008; Amin

et al. 2005; Hunter et al. 2004; Karachalios

et al. 2004;].

One large and as yet unmet treatment goal is

modification of the underlying joint structure.

Some studies, with varying levels of evidence,

suggest that glucosamine sulfate, chondroitin

sulfate, sodium hyaluronan, doxycycline, MMP

inhibitors, bisphosphonates, calcitonin, diacerein

and avocado-soybean unsaponifiables may modify

disease progression [Abramson et al. 2006].

It may be a while before a disease-modifying

drug is available as current trial strategies

remain neglectful of some simple fundamentals.

Cartilage is not a direct source of symptoms and

yet this remains the major focus of drug develop-

ment opportunities. As important as the appro-

priate focus on tissues likely to be generating

symptoms, therapeutic development needs to be

cognizant of the aberrant mechanical forces at

play in people with OA [Brandt et al. 2006].

There are promising therapies being developed

for new OA targets for both symptoms and struc-

ture, but we need to pay heed to the lessons we

have learned and consider the obstacles to devel-

opment if they are to be effective [Hunter and

Hellio Le Graverand-Gastineau, 2008].

Conclusion
The pathogenesis of OA appears to be the result

of a complex interplay between mechanical, cel-

lular, and biochemical forces. Obesity is the

strongest risk factor for disease onset and

mechanical factors dominate the risk for disease

progression. Greater therapeutic attention to the

important role of mechanical factors and obesity

in OA etiopathogenesis is required if we are to

find ways of reducing the public health impact

of this condition. Therapies directed at reducing

joint loads such as weight loss and mechanical

interventions are not used as frequently as they

should be.
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