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ABSTRACT 38 

From prehistoric times to the present day, osteoarthritis (OA) has proven to be a most challenging 39 

disease. Indeed, this disease is the most common joint disorder, affecting mainly the diarthrodial 40 

joints, and is associated with an alarmingly increasing socioeconomic impact. Primary OA results 41 

from a combination of risk factors, with aging and obesity being the most prominent. The 42 

pathology of OA is still evolving, from being viewed as cartilage-limited to a multifactorial 43 

disease affecting the whole joint. Moreover, an intricate relationship between local and systemic 44 

factors modulates its clinical and structural presentations, leading to a common final pathway of 45 

articular destruction. Pharmacological treatments are mostly related to relief of symptoms and 46 

there is no disease-modifying OA drug (DMOAD) yet approved by the regulatory agencies. 47 

Identifying phenotypes of patients will enable detection of the disease in its early stages as well 48 

as distinguish individuals at higher risk of progression, which in turn could be used to guide 49 

clinical decision-making and allow more effective and specific therapeutic interventions to be 50 

designed. This primer is an update on the progress made in the field of OA epidemiology, quality 51 

of life, pathophysiological mechanisms, diagnosis, screening, prevention, and disease 52 

management.  53 
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[H1] INTRODUCTION 54 

Not many diseases can claim to have a history as rich and ancient as osteoarthritis (OA). It can be 55 

traced back in time from paleopathological findings in skeletal remains1,2 and historical 56 

depictions3-6 and is suggested to be impervious to evolution7. Clinicians did not recognise OA 57 

until the late 18th century8 and further nomenclature confusion delayed its recognition, as it was 58 

considered the same entity as rheumatoid arthritis9.  59 

To date, OA has proven to be a most challenging disease to treat, despite it being the most 60 

common degenerative joint disorder10. Even though it is among the oldest diseases affecting 61 

humankind, its definitions, risk factors and pathophysiology are still evolving. Cardinal signs 62 

include pain, transient morning stiffness, and crepitus on motion leading to instability and 63 

physical disability, thus impairing quality of life. The description of primary OA was long 64 

centred on the primacy of changes in the articular cartilage. The concept has evolved and OA is 65 

now considered a disease of the whole joint, and referred to as an “organ” disease. Primary OA 66 

results from a combination of risk factors, with aging and obesity being the most prominent. 67 

Other risk factors include knee malalignment, increased biomechanical loading of joints and bone 68 

density, genetics, and recently suggested low-grade systemic inflammation11. With regard to 69 

genetic factors, although there is strong evidence that they play an important role in radiographic 70 

OA of the hand and the spine12,13, evidence is inconsistent for knee OA14. A recent meta-analysis 71 

showed that not one out of 199 published candidate OA genes has a significant association with 72 

knee OA and only two are associated with hip OA15. Regarding knee OA, one gene, the GDF5, 73 

was not included in the mentioned meta-analysis15, but has already been confirmed as an OA 74 

susceptibility locus16. OA can be difficult to define as its development is often insidious, and 75 
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clinically it represents a heterogeneous group of disorders involving different phenotypes with 76 

varying roots.  77 

With the rapidly aging global population, it seems most appropriate at this time to review and 78 

highlight the progress made over the last several decades in the field of OA. The key advances in 79 

OA epidemiology, quality of life, pathophysiological mechanisms, diagnosis, screening and 80 

prevention, and disease management, as well as an update on the progress made are the focus of 81 

this primer.  82 

 83 

[H1] EPIDEMIOLOGY 84 

OA is a disorder of diverse aetiologies, which affects both large and small joints either singly or 85 

in combination. It is defined17 as “a group of overlapping distinct entities with similar biologic, 86 

morphologic and clinical outcomes. The disease process affects all the tissues of the diarthrodial 87 

joint including the articular cartilage, subchondral bone, ligaments, capsule and synovial 88 

membrane, ultimately leading to joint failure.” Although the disorder was previously classified as 89 

idiopathic (or primary) and secondary (based on the attribution of OA to recognised causative 90 

factors), a more helpful approach to understanding the epidemiology, risk factors and burden of 91 

OA is achieved through consideration of its impact on symptoms, structure and function10,17. 92 

Thus, joint pain is not a uniform accompaniment to structural change (such as joint space 93 

narrowing, osteophyte formation or subchondral sclerosis) and both pain and structural 94 

abnormality show variable relationships with physical function (ability to walk and undertake the 95 

activities of daily living). Symptomatic OA manifests principally with joint pain; structural 96 

change is visualised using plain radiography18 or magnetic resonance imaging (MRI)19. 97 

Measurements of pain and structure need to be supplemented by indices of activity limitation and 98 
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participation restriction. Standardised questionnaires are available for this purpose and they may 99 

be targeted at generic impairments such as general health, vitality and mental health (for 100 

example, the physical function scale of the SF-36 questionnaire) or disease-specific tools. The 101 

most widely used disease-specific questionnaires are those developed by the Western Ontario and 102 

McMaster Universities (WOMAC)20, or those developed for the hip and knee by the Institute of 103 

Sports Sciences and Clinical Biomechanics: HOOS (Hip Disability and Osteoarthritis Outcome 104 

Score)21 and KOOS (Knee Disability and Osteoarthritis Outcome Score)22. These obtain self-105 

report information on impairments such as pain, stiffness and quality of life; activity limitations 106 

such as activities of daily living, sports participation and recreational activities; and participation 107 

restriction as part of general quality of life assessment. 108 

 109 

[H2] Prevalence and incidence of OA 110 

Prevalence and incidence estimates for OA differ widely, through variation in case definition and 111 

joint site under consideration10,23. Radiographic assessments (using scales such as those derived 112 

by Kellgren and Lawrence24 over five decades ago, evaluating the severity of osteophyte 113 

formation, joint space narrowing, subchondral sclerosis, cyst formation and loss of joint 114 

congruity) provide the most widely available prevalence estimates for structural OA; this is 115 

reported in the hands of around 60% of adults aged 65 years and over, with comparable estimates 116 

for radiographic knee and hip OA from North American and European studies of 33% and 5% 117 

respectively25,26. Radiographic OA is more frequent among women than men at any given age 118 

over 50 years, with the gender difference most pronounced for hand and knee disease (Figure 1). 119 

Prevalence rates also rise steeply with age, in both genders. The frequency of pain at joint sites 120 

affected by OA is also variable: among men and women with structural hand OA, pain is only 121 
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present in around 15% of cases, while this increases to around 50% of patients with radiographic 122 

knee OA and an even greater proportion of those with hip OA23. Conversely, the population 123 

frequency of knee pain is high (around 25%); among those with pain, radiographic changes are 124 

present in around 50% (12.5% overall), with associated disability in half of these (6% overall). 125 

Individuals who develop symptomatic OA in one joint are more likely to have multiple joints 126 

involved, and this diathesis manifests clinically as a condition known as generalised OA27. This 127 

typically involves the joints of the hand (distal interphalangeal (DIP), proximal interphalangeal 128 

(PIP), thumb-base) as well as the cervico-lumbar spine, hips and knees. This variant is most 129 

frequent among older women and may be inherited in a polygenic pattern. 130 

Although OA is worldwide in its distribution, geographic and ethnic differences in prevalence are 131 

apparent. European and American data does not differ markedly for hand and knee disease; 132 

however, hand involvement is particularly less frequent among native and African American 133 

populations, while the prevalence of knee and hip disease do not seem to vary to as great an 134 

extent10,28. In contrast, South Asian and Oriental populations appear to have a lower frequency of 135 

hip OA attributable in part to alterations in pelvic morphology10. 136 

Incidence studies of OA29-31 also suggest high rates for symptomatic involvement of the hand, 137 

knee and hip in European and North American populations (Figure 2). A recent study from 138 

Spain30 reported these as 6.5 (knee), 2.1 (hip) and 2.4 (hand) per 1000 person-years. 139 

 140 

[H2] Risk factors for OA 141 

The risk factors for OA can be divided into those that act at the level of individual susceptibility, 142 

and those that alter the biomechanical stability of individual joints31,32. Person-level risk factors 143 

include increasing age, female gender, joint biomechanics, genetic factors, inflammation and 144 
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adiposity; the predominant joint-level factors are joint injury, repetitive joint use through 145 

occupation or leisure, and malalignment. Disease evolution in OA is slow, usually taking many 146 

years. Once established, the condition can remain relatively stable, clinically and radiologically, 147 

for several years. The distinct difference in definition between initiation and progression of 148 

disease remains controversial and it is difficult to estimate the extent to which risk factors for 149 

incidence and progression might differ. Index event bias complicates the search for true risk 150 

factors for progression33, and progression risk is specific to the definition of OA utilised 151 

(structural or symptomatic) as well as the population studied.  Some studies31 have delineated 152 

comparable rates for each component of natural history (incidence 2.5%/yr; progression 3.6%/yr) 153 

and have suggested that certain risk factors selectively influence progression (obesity, 154 

malalignment, polyarticular diathesis, joint injury, crystal deposition, and high-impact physical 155 

activity)33,34. Among the 50% of individuals with radiographic OA who have frequent joint 156 

symptoms, MRI features that distinguished those with knee symptoms from those without, 157 

included bone marrow oedema lesions, meniscal lesions (which do not select for knee pain), 158 

synovial hypertrophy and effusion. 159 

 160 

[H1] MECHANISMS/PATHOPHYSIOLOGY 161 

This section focuses on the pathophysiology of OA in diarthrodial joints, e.g., the knee, hip or 162 

digits, which are the most common sites of OA. These joints join two adjacent bones, which are 163 

covered by a layer of specialised articular cartilage, and are encased in a connective tissue 164 

capsule lined by a synovial membrane, consisting of a thin cell layer of macrophages and 165 

fibroblasts35. The articular cartilage and underlying bone are separated by a layer of calcified 166 
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cartilage (Figure 3) and the three tissues form a biocomposite, which is uniquely adapted to 167 

transfer loads during weight bearing and joint motion. Alteration in the integrity of the individual 168 

joint tissues can occur, acutely associated with traumatic injury, or can evolve over time through 169 

cell-mediated processes that alter the composition, structure and material properties of the joint 170 

tissues (Table 1). Although pathological processes may target a single tissue, because of their 171 

intimate physical and functional association, ultimately all of the joint tissues are affected and, in 172 

this sense, as mentioned earlier, OA is considered a whole joint disease. Following is a review of 173 

the normal structure and cellular physiology of articular cartilage, bone, and synovium and the 174 

current state of understanding of the interactions among these tissues in the physiological state 175 

and during the evolution of OA.  176 

 177 

[H2] Cartilage 178 

The articular cartilage is composed of more than 70% water, two major organic components, type 179 

II collagen and aggrecan, and a number of other collagens, proteoglycans, and non-collagenous 180 

proteins (Figure 3)36-38. The collagen network provides tensile strength and the charged 181 

proteoglycans provide compressive resilience by entrapping large quantities of water through 182 

their hydrophilic glycosaminoglycan (GAG) side chains39,40. The cartilage matrix is avascular 183 

and aneural and is populated by a single cell type, the chondrocyte. Under physiological 184 

conditions, the chondrocyte exhibits no mitotic activity and maintains minimal collagen turnover, 185 

since the half-life of type II collagen is more than 100 years. Because the proteoglycans have 186 

half-lives of weeks to years, the chondrocyte is involved mostly in replacing the GAG 187 

constituents on the aggrecan and small proteoglycan core proteins, which are turned over by 188 
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anabolic and catabolic activities in response to external stimuli such as mechanical loading. The 189 

ability to perform low turnover repair, however, declines with age. 190 

Chondrocytes are encased in a pericellular matrix (PCM) consisting of collagen VI and other 191 

matrix proteins41. The PCM helps to maintain the chondrocyte in a differentiated low-turnover 192 

state by protecting it from interacting with extracellular matrix components in the inter-territorial 193 

cartilage matrix42,43. Chondrocytes exist in a low oxygen tension environment and intracellular 194 

survival factors such as HIF-1α are required for maintenance of homeostasis and adaptation to the 195 

mechanical environment44. Primary cilia located on the chondrocyte surface and additional 196 

mechanosensitive receptors permit the chondrocytes to sense and adapt their metabolic activity in 197 

response to physical forces42,45.  198 

During the evolution of OA, the cartilage matrix undergoes striking changes in its composition 199 

and structure. Initially, surface fibrillations appear and as the pathologic process continues, deep 200 

fissures associated with exfoliation of cartilage fragments develop, ultimately leading to 201 

delamination and exposure of the underlying calcified cartilage and bone (Figure 4). These 202 

changes are accompanied by expansion of the zone of calcified cartilage and replacement of the 203 

overlying articular cartilage46-48. This process is associated with duplication of the tidemark, 204 

which is a histologically defined zone that separates the calcified articular cartilage from the 205 

underlying calcified cartilage (Figure 4). At sites of microcracks and fissures in the 206 

osteochondral junction, vascular elements from the marrow space penetrate the subchondral bone 207 

and calcified cartilage accompanied by sensory and sympathetic nerves48. New bone is formed 208 

around these channels recapitulating a program of endochondral bone formation49,50.  209 

In the early stages of OA, the chondrocytes exhibit increased synthetic activity, reflecting 210 

attempts at repair51. An early event is the disruption of the chondrocyte PCM exposing the cells 211 
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to components of the inter-territorial matrix, which, through interaction with cell surface 212 

receptors, deregulate chondrocyte function43. As the disease progresses, there is depletion of the 213 

matrix and the appearance of chondrocytes in clonal clusters consistent with a proliferative 214 

response. This is accompanied by the induction of several families of aggrecanases that include 215 

members of the ADAMTS (a disintegrin and metalloproteinase with thrombospondin motifs) 216 

family that cleave the aggrecan core protein52 and several different matrix metalloproteinases 217 

(MMPs) (Table 1)53. Upregulation of genes encoding other proteins associated with 218 

inflammatory and catabolic responses also occurs, primarily through signal transduction 219 

involving nuclear factor kappa B (NF-κB), mitogen-induced protein kinase (MAPK), and other 220 

inflammation- and stress-induced pathways. There is also evidence of increased cell death, which 221 

is attributable in part to a decline in autophagy that serves as a protective mechanism used by 222 

cells under stress. Many of the chondrocytes also assume a senescence-associated secretory 223 

phenotype, characterised by increased production of reactive oxygen species (ROS), cytokines, 224 

chemokines and other proinflammatory products. 225 

During the later stages of OA, many of the cells express genes associated with anabolism and 226 

chondrocyte hypertrophy54. Angiogenic factors, including vascular endothelial growth factor 227 

(VEGF), are also present and contribute to the vascular invasion and calcified cartilage expansion 228 

occurring at later stages49,50. The alterations in the composition of the cartilage extracellular 229 

matrix produce marked changes in the material properties of the cartilage and increase its 230 

susceptibility to disruption by physical forces. In addition, the matrix degradation products and 231 

proinflammatory mediators generated by chondrocyte catabolic activity act in an autocrine or 232 

paracrine fashion to further deregulate chondrocyte function but, as discussed below, act on the 233 

adjacent synovium to stimulate proliferative and proinflammatory responses.  234 
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 235 

[H2] Periarticular bone 236 

The bone beneath the articular cartilage is organised into a plate-like layer of cortical bone and a 237 

contiguous region of cancellous bone (Figure 3)46,55,56. They adapt their structure and 238 

composition throughout life via cell-mediated processes of remodelling and modelling. 239 

Remodelling involves the coordinated activity of osteoclasts that resorb the bone and osteoblasts 240 

that mediate bone formation46. Modelling involves the addition or removal of bone by osteoclasts 241 

or osteoblasts without the coupling of the two processes. Remodelling and modelling provide 242 

mechanisms for adapting bone to local biomechanical factors and the influence of systemic 243 

hormones and local soluble mediators, and replacing bone that has undergone damage from 244 

mechanical injury.  245 

Osteocytes are a third bone cell type. They are distributed throughout cortical and trabecular bone 246 

and communicate with osteoclasts and osteoblasts on the bone surface to regulate bone 247 

remodelling and modelling57. Osteocytes mediate their effects via direct cell-cell signalling and 248 

by the release of soluble mediators, including dickkopf-related protein-1 (DKK-1) and sclerostin, 249 

which are inhibitors of the Wnt signalling pathway that controls osteoblast differentiation and 250 

activity, and receptor activator of NF-κB ligand (RANKL), the principal regulator of osteoclast 251 

differentiation and activation, and its inhibitor osteoprotegerin (OPG) (Figure 5)57.  252 

In addition to bone volume and structural organisation, the properties of bone are also affected by 253 

its state of mineralization46,58-60. Osteoblast-mediated bone formation is initiated by the 254 

deposition of unmineralized organic matrix that then undergoes rapid mineralization. This phase 255 

is followed by a phase of slow and progressive mineral accretion. In states of high bone turnover, 256 

there is an attenuation of the ‘late’ phase of mineral deposition, which leads to a reduction in 257 
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bone stiffness. In contrast, in low bone turnover states, the continued mineral accretion leads to 258 

increased mineralization that is associated with increased bone stiffness. In this way, changes in 259 

the rate of bone remodelling and modelling can markedly affect the material properties of bone 260 

and its capacity to deform in response to mechanical forces. 261 

OA is accompanied by increases in the volume, thickness and contour of the cortical plate, 262 

alterations in the state of bone mineralization and material properties, changes in the subchondral 263 

trabecular bone architecture and bone mass, formation of bone cysts, appearance of bone marrow 264 

lesions detectible by MRI, and osteophytes (Figures A, B).55,61-63. These changes are mediated by 265 

alterations in the activity of the bone cells. Bone may also undergo direct physical damage that 266 

results in the formation of microcracks or fissures within the cortical or trabecular bone. 267 

Gradual thickening of the subchondral plate is a characteristic feature of advancing OA. These 268 

changes reflect the influence of increases in load transfer (Figure 6). Importantly, there is a close 269 

anatomic association between these bone changes and the development of local OA cartilage 270 

pathology63, indicating that both tissues are responsive to the adverse effects of mechanical 271 

loading64-66. The changes in cortical plate thickness are accompanied by decreased trabecular 272 

bone mass consistent with so called ‘stress-shielding’ attributable to attenuation of the 273 

mechanical forces by the thickened cortical bone plate61.  274 

Radin and Rose67 proposed that increased bone stiffness in the subchondral bone adversely 275 

affects the overlying cartilage and contributes to the development of OA cartilage pathology. 276 

Supporting this concept, Brown et al.65 used a finite element model to analyse the effects of a 277 

stiff metal cylinder implanted in the subchondral bone of sheep to predict stress concentrations at 278 

the edge of the metal cylinder in the deep cartilage layers. When the cylinder was within the 279 

cortical plate, stress concentrations were predicted to increase significantly in the cartilage. 280 
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However, studies by Day et al.58,59 challenged the Radin and Rose concept. Using micro-281 

computed tomography (μCT), direct mechanical testing, and finite element analysis of the 282 

proximal tibiae from cadaver specimens, they found that although the volume fraction of the 283 

subchondral bone was increased, the bone tissue modulus (stiffness) was decreased. They 284 

attributed the decreased stiffness to the reduced bone mineral density, related to the increased rate 285 

of bone remodelling. They further speculated that the reduction in bone tissue stiffness could lead 286 

to increased cartilage deformation during loading, contributing directly to the development of OA 287 

cartilage pathology. The study of Brown et al.65 and those of Day et al.58,59 support the concept 288 

that alterations in the subchondral bone properties influence the state of the overlying articular 289 

cartilage, but indicate the complexity of this relationship, which evolves over the course of OA 290 

progression. 291 

 292 

[H3] Bone marrow lesions, bone cysts and osteophytes 293 

Bone marrow lesions are regions of increased signal intensity in the subchondral bone detected 294 

with fluid sensitive MRI sequences (Figure B)68. They were first proposed to represent localised 295 

regions of bone marrow edema. However, histologic evaluation reveals the presence of fat 296 

necrosis, localised marrow fibrosis, and microfractures of the trabecular bone associated with 297 

active bone remodelling and repair69,70. The bone marrow lesions tend to associate with regions 298 

of OA cartilage pathology and are especially common at sites of denuded cartilage71.  299 

Subchondral bone cysts are a common feature of advanced OA. The observations that cysts tend 300 

to develop at sites of pre-existing bone marrow lesions has led to the concept that they are 301 

generated directly within the subchondral bone and that bone damage and necrosis initiates the 302 

process of osteoclast-mediated bone resorption that leads to cyst formation72. 303 
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Osteophytes are bony outgrowths that are localised on the joint margins. Studies in animal 304 

models suggest they are formed by a process of endochondral ossification73. Since the removal of 305 

osteophytes increases joint instability in animal models of OA74, and there is no relationship 306 

between structural progression of knee OA and osteophyte size in human subjects with OA, 307 

osteophytes may serve to stabilise the joint rather than contributing to the progression of joint 308 

pathology75. 309 

 310 

[H2] Synovium 311 

The synovium forms a thin cellular layer lining the joint cavity that acts as a semipermeable 312 

membrane to regulate the transfer of molecules in and out of the joint. It is also a major source of 313 

the synovial fluid components, which provide nutrients to the chondrocytes and lubricant factors, 314 

including lubricin and hyaluronic acid (HA) that contribute to the unique low friction properties 315 

of the articular surface. Inflammation, characterised by hyperplasia of the synovial lining and 316 

diffuse or perivascular infiltrates of T and B lymphocytes, are common features of OA76 (Figure 317 

7), and imaging studies employing MRI and ultrasound have established a relationship between 318 

synovitis and the risk for structural progression of OA and joint symptoms77-80. 319 

The catabolic processes initiated in the articular cartilage and the deregulated activities of 320 

chondrocytes play a key role in the development of the synovial inflammation. Proteinases 321 

produced by the chondrocytes lead to the generation of proinflammatory products, which act as 322 

damage-associated molecular patterns (DAMPs) that interact with Toll-like receptors (TLRs), 323 

integrins and receptor for advanced glycation end-products (RAGEs) expressed on chondrocytes 324 

to increase the expression of inflammatory and catabolic products (Table 1)37,76,81,82. These 325 

products are also released into the synovial fluid where they act on the adjacent synovium to 326 
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induce inflammation that in turn generates additional proinflammatory and catabolic products 327 

that feedback on the chondrocytes to further deregulate their function (Figure 8). Microarray 328 

analysis and Western blotting of OA synovium by Lambert et al.83 identified enhanced 329 

expression of key pathways related to angiogenesis, tissue catabolism, inflammation and innate 330 

immunity in regions of inflamed versus non-inflamed tissue. The demonstration that cartilage 331 

matrix degradation products can activate TLRs provides support for a role of innate immune 332 

pathways and mechanisms in OA joint pathology. Ritter et al.84 compared the protein profiles in 333 

the synovial fluids from OA and control subjects to the gene expression profiles in OA synovial 334 

tissue and cartilage. Three major pathways were identified, including the complement, acute-335 

phase response, and coagulation pathways. Of interest, mice deficient in key complement 336 

proteins are partially protected from the development of OA85. 337 

Multiple proinflammatory cytokines can be detected in OA synovial fluid, cartilage, and 338 

synovium76,86. Interleukin-1 (IL-1) and tumour necrosis factor alpha (TNF-α) are potent 339 

regulators of catabolic processes in chondrocytes and synovial cells, but their roles in OA 340 

pathogenesis still need to be established. In our own studies, we detected elevated levels of IL-15, 341 

and to a lesser extent IL-6, in synovial fluids and tissues from patients with OA87. IL-15 is 342 

involved in the recruitment and activation of lymphocytes, and thus could be a contributing factor 343 

to the lymphocytic reaction associated with OA synovial inflammation. Many chemokines have 344 

been detected in OA synovial fluids and tissues. Their receptors are widely expressed on 345 

chondrocytes and synovial cells, implicating a potential role in synovial inflammation in OA88-90. 346 

Further studies are needed to establish the role of chemokines in OA pathogenesis and to identify 347 

them as relevant targets for OA therapy. 348 

[H2] Mechanical factors in the pathogenesis of OA 349 
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The preceding sections have highlighted the role of mechanical forces in modulating the activities 350 

of the cell types that populate the individual joint tissues. Both physiological and pathological 351 

overload forces can affect the biological activity and viability of the resident cell types. At a 352 

macroscale level, multiple factors affect the local forces experienced by cells and their 353 

extracellular matrices, including joint alignment, kinematics, and aspects of gait that can 354 

considerably affect the distribution of load transfer across the joint91,92. Joint injuries such as 355 

anterior cruciate ligament rupture or loss of integrity of the menisci are examples of conditions 356 

that markedly affect the distribution of forces within the joint, but importantly, they result in 357 

sustained alterations in joint mechanics that produce long-term effects on cell activity and 358 

function. Chondrocytes and osteocytes sense these local biomechanical forces via cellular 359 

structures such as primary cilia and a complex system of cell-surface receptors that act as 360 

mechanosensors to modulate and adapt the cells to their local biomechanical 361 

environment38,42,45,46. Compressive forces and tensile strains, as well as osmotic stresses and fluid 362 

flow, act on these cell surface sensors to modulate cellular responses via multiple mechanisms 363 

including activation of intracellular calcium signalling pathways and modulation of osmolyte 364 

channels such as transient receptor potential vanilloid 4 (TRPV4)91. These mechanosensors and 365 

their downstream signalling pathways represent potential therapeutic targets to modulate the 366 

responses of resident cells to mechanical forces to prevent the activation of pathways involved in 367 

deregulating remodelling and repair of joint tissues. Many of the mechanotransduction events 368 

overlap with those involved in inflammatory stress. Metabolic stress adds another level of 369 

complexity, as addressed by Courties et al93. 370 

[H2] Role of genetic factors in OA pathogenesis 371 

Genetic and epidemiologic studies and Genome Wide Association Studies (GWAS) have helped 372 
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to establish the important role of genetic factors in the risk for the development of OA and the 373 

outcomes and evolution of joint pathology and symptoms94,95. Classic twin studies and familial 374 

aggregation studies indicate that, after adjustment for known risk factors such as age, sex and 375 

BMI, genetic susceptibility for the development of radiographic OA ranges from 40% to 65% 376 

depending on the joint site. To date, GWAS have identified multiple common variants associated 377 

with knee or hip OA94, although the individual risk alleles exert only moderate to small effects. 378 

Loci associated with OA include genes encoding: components of the transforming growth 379 

factor-β (TGF-β) and bone morphogenetic protein (BMP) signalling pathways, including 380 

growth/differentiation factor 5 (GDF-5); the type II iodothyronine deiodinase (DIO2) in the 381 

thyroid pathway; proteins involved in apoptosis and mitochondrial damage; molecules regulating 382 

synthesis and remodelling of extracellular matrix components; WNT signalling pathway 383 

components; and proteins associated with inflammation and immune responses. Despite the 384 

modest contributions of the individual genetic variants to the increased risk of OA, the 385 

identification of these genes has yielded important insight into the molecular mechanisms 386 

involved in OA pathogenesis. In addition, this information can be applied to develop biomarkers 387 

that can be used to detect individuals at a high risk for the development of OA and to institute 388 

preventive or interventional therapies to improve patient outcomes. 389 

[H1] DIAGNOSIS, SCREENING AND PREVENTION 390 

[H2] Diagnosis and screening 391 

Despite the fact that OA is an extremely common illness, it can be difficult to diagnose. 392 

Diagnostic criteria were developed for the knee96,97, hand98 and hip99, the primary aim of which 393 

was to develop criteria that differentitated OA from other forms of arthritis such as rheumatoid 394 

arthritis and ankylosing spondylitis.  395 
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[H3] Knee  396 

The clinical criteria include the presence of knee pain in addition to at least three of the following 397 

characteristics: i) age greater than 50 years, ii) morning stiffness lasting less than 30 minutes, iii) 398 

crepitus on active motion, iv) bony tenderness of the knee, v) bony enlargement, vi) no detectable 399 

warmth. Radiographic criteria include knee pain and one of the following: i) age greater than 50 400 

years, ii) morning stiffness lasting less than 30 minutes, iii) crepitus on active motion and 401 

osteophytes. 402 

This combination performs with high sensitivity and specificity to differentiate knee OA from 403 

other forms of arthritis96. It also correlates well with cartilage damage on arthroscopy with 404 

radiographic OA showing more damage than clinical97, presumably reflecting more longstanding 405 

disease as radiographic changes can take years to appear. Positioning is crucial to avoid a 406 

spurious diagnosis of radiographic OA and there are many ways to achieve this including 407 

fluoroscopic and semi flexed radiography.  408 

It is unclear how well these criteria will perform in comparison to healthy elderly subjects, as this 409 

was not the aim when they were developed. In clinical practice, patients would often have blood 410 

tests to rule out other conditions but these were not necessary in the initial development. Crepitus 411 

has recently been shown to be specific to patellofemoral OA with no correlation at all with 412 

tibiofemoral disease on MRI scanning100. In contrast, an older, smaller, arthroscopy based study 413 

reported association with cartilage pathology in both compartments of the knee101 suggesting it 414 

may reflect cartilage pathology which isn’t compartment specific. 415 

There are some limitations to these criteria. Firstly, osteophytes are included in these criteria, 416 

which may be a misconception as recent studies suggest the osteophyte is not a key player in the 417 

disease process but may be an epiphenomenon102. Joint space narrowing and other radiographic 418 
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features are not part of the criteria despite being considered a key part of the disease in 419 

radiographic atlases. Indeed, most OA clinical trials use radiographs for screening purposes, and 420 

joint space narrowing is much more common than osteophytes when they are scored 421 

separately103. Given the lesser degree of cartilage damage with the clinical criteria, it may be that 422 

the selection of patients for trials using these criteria may lead to greater potential for response 423 

than choosing only patients with radiographic changes. Secondly, many studies have shown a 424 

poor correlation between radiographs and symptoms104, meaning this construct of pain and other 425 

features is artificial. This has led to the development of MRI criteria. Recently, Hunter et al. 426 

conducted a Delphi experiment for defining knee OA on MRI scanning105. The diagnostic 427 

performance was greatest for osteophytes, cartilage loss, bone marrow lesions and for meniscal 428 

tear in any region. This resulted in good specificity for the diagnosis of OA, but less optimal 429 

sensitivity, probably owing to detection of disease earlier on MRI. While the individual 430 

components of these criteria are relevant for pain and structural change104, the specific 431 

combination in this publication is different for the tibiofemoral and patellofemoral compartments 432 

and does not consider pain, Thus, these require validation before widespread acceptance. In 433 

addition, pain can come from inside or outside the joint, hence an alternative way of defining this 434 

could be: pain and i) any feature within the joint known to lead to cartilage damage (symptomatic 435 

OA); ii) any feature outside the joint known to lead to cartilage damage (OA syndrome)102. This 436 

additional subgrouping may lead to specific therapies based on the source of pain. 437 

 438 

[H3] Hand 439 

The criteria for OA of the hand were developed in a similar way to those for the knee in terms of 440 

differentiating from other forms of arthritis98 and have similar issues as the knee. The criteria for 441 
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hand OA include the presence of hand pain in addition to at least three of the following 442 

characteristics: i) bony enlargement of 2 or more of 10 selected joints, ii) bony enlargements of 2 443 

or more DIP joints, iii) fewer than 3 swollen metacarpophalangeal (MCP) joints, iv) deformity of 444 

at least 1 of the 10 selected joints. 445 

OA of the hand can often be diagnosed on the basis of these criteria alone, and laboratory tests 446 

and X-rays may be unnecessary. Indeed, in the classification of symptomatic OA of the hands98, 447 

radiography was of less value than clinical examination. Data are less well developed for MRI of 448 

the hand but it is clear that some of the features commonly seen in the knee are also seen in the 449 

hand106. 450 

 451 

[H3] Hip 452 

A patient was classified as having clinical hip OA99 if pain was present in combination with 453 

either: i) hip internal rotation greater than or equal to 15 degrees, pain present on internal rotation 454 

of the hip, morning stiffness of the hip for less than or equal to 60 minutes, and age greater than 455 

50 years, or ii) hip internal rotation less than 15 degrees and an erythrocyte sedimentation rate 456 

(ESR) less than or equal to 45 mm/hour; if no ESR was obtained, hip flexion less than or equal to 457 

115 degrees was substituted (sensitivity 86%; specificity 75%).  458 

Clinical plus radiographic criteria: The traditional format combined pain with at least 2 of the 459 

following 3 criteria: osteophytes (femoral or acetabular), joint space narrowing (superior, axial, 460 

and/or medial), and erythrocyte sedimentation rate (ESR) less than 20 mm/hour. In contrast to the 461 

hand, the radiographic presence of osteophytes best separated OA patients and controls by the 462 

classification tree method. 463 
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There are very limited data on hip MRI but preliminary studies suggest bone marrow lesions are 464 

much less common than at other sites107. 465 

 466 

[H3] Other sites 467 

No diagnostic criteria for other commonly affected sites such as the spine or big toe have been 468 

developed but these are usally diagnosed based on symptoms and/or imaging.  469 

 470 

[H3] Diagnosis and screening conclusion 471 

It is easier to diagnose OA clinically when it is well established but difficult in early disease. 472 

Imaging can be helpful where there is diagnostic uncertainty. There is increasing data to support 473 

the greater sensitivity of MRI over radiographs in early disease. It should be noted that poulation 474 

screening programs show that many of the abnormalities seen on imaging are very common in 475 

older populations108, hence these need to be placed in the appropriate clinical context. 476 

 477 

[H2] Prevention - What is new? 478 

The most well examined modifiable risk factor for OA is obesity. However, efforts at weight loss 479 

have not been effective at a population level, and there has been a steady increase in the 480 

prevalence of obesity in most developed and developing countries. In the last decade, significant 481 

effort has focused on understanding the mechanisms by which obesity affects the risk of OA. 482 

More recent work has also focused on better understanding the effects of physical activity and 483 

early life exposures on the risk of OA.  484 

 485 

[H3] Obesity – A risk factor for generalised OA that is becoming better understood  486 
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As mentioned above, obesity is a well-established risk factor for the development and 487 

progression of OA. Nevertheless, while it had been historically considered that the OA-obesity 488 

risk may be secondary to excessive joint loading109, this does not account for the risk of OA in 489 

non-weight bearing joints: the risk ratio for being overweight and developing hand OA is 1.9110. 490 

In weight-bearing joints such as the knee, body fat has been shown to be a better predictor of 491 

cartilage loss, independent of fat-free mass.111 Moreover, the risk of both primary knee and hip 492 

joint replacement for OA were three- to four- fold higher in community-based individuals in the 493 

highest quartile of fat mass112 (Figure 9). 494 

It is speculated that the effect of adiposity triggers metabolic inflammation, whereby various 495 

adipokines induce pro-inflammatory cytokines ultimately leading to cartilage matrix impairment 496 

and subchondral bone remodelling113. This is supported by in vivo studies, where increased 497 

serum adipokines such as leptin and adipsin are associated with greater cartilage loss and higher 498 

incidence of knee joint replacement114,115. However, while there is a systemic effect of adiposity, 499 

local effects have also been observed. Intramuscular quadriceps fat content was found to be a 500 

strong predictor of knee cartilage loss116,117. In patients with symptomatic knee OA, maintaining 501 

muscle size was associated with beneficial structural changes and a reduced risk of knee joint 502 

replacement118.  503 

Weight management therefore remains the most well established primary and secondary 504 

preventive strategy for OA. For instance, women who lost an average of 11 pounds decreased 505 

their risk for knee OA by 50% in the Framingham Study119. In obese adults, as little as 1% 506 

change in body weight modified the rate of knee cartilage loss120, such that avoidance of weight 507 

gain could also be an important clinical target in the prevention of knee OA. More specifically, 508 
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preferential loss of fat, rather than fat-free mass will likely offer the most effective means of 509 

preventing OA.  510 

 511 

[H3] Physical activity - Implications for primary and secondary prevention of knee OA 512 

There has been a misconception that physical activity may be detrimental to weight-bearing 513 

joints. Increasing evidence suggests that physical activity, particularly joint loading, is important 514 

for maintaining healthy knee joints. Children who are physically active accrue greater cartilage 515 

volume than their more sedentary counterparts121 while forced immobility (e.g. from spinal cord 516 

injury) induces rapid cartilage volume loss in adults122. Nevertheless, evidence for whether 517 

physical activity is good or bad for joints in community-based adults is conflicting. One reason 518 

may be the underlying health of the joint. For example, it has been shown that higher physical 519 

activity levels were associated with knee joint replacement secondary to OA123. However, 520 

vigorous physical activity in pre-clinical populations was associated with increased articular 521 

cartilage124.  522 

It has been hypothesised that joints with structural abnormalities may not be adept at 523 

withstanding loads imparted by physical activity. Whereas people with high baseline cartilage 524 

volume exposed to occupational and recreational activity reduced their rate of cartilage loss, the 525 

same exposure expedited cartilage loss among people with lower baseline cartilage volume125. 526 

Similarly, greater steps/day were protective against cartilage volume loss in people with more 527 

baseline cartilage volume, but increased cartilage loss in those with less baseline cartilage 528 

volume126. Vigorous physical activity performed on a knee with, but not without, bone marrow 529 

lesions was also associated with worsening of medial cartilage defects and a trend toward 530 

increased rates of medial tibial cartilage volume loss127. While these results were not observed in 531 
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people with established disease, longitudinal results demonstrating accelerated cartilage loss in 532 

pre-clinical populations may inform potential risk factors for incident disease. 533 

Taken together, these data highlight the importance of the underlying health of the knee joint 534 

when determining how it may respond to physical activity. While further work is needed to better 535 

inform clinical guidelines, advice for physical activity for primary and secondary prevention of 536 

knee OA may need to differ. Maintaining physical activity may be important for preventing the 537 

development of knee OA, but modification may be required in the presence of joint damage 538 

(Figure 9).  539 

 540 

[H3] Hip OA – Bone shape matters and may be modified in early life 541 

Abnormalities in the shape of the hip bones are central to the pathogenesis of hip OA. Broadly, 542 

these can be grouped into hip dysplasia and femoroacetabular impingement (FAI) (Figure 10).  543 

Hip dysplasia is defined by insufficient acetabular coverage of the femoral head and results in a 544 

concentrated weight-bearing area of the hip joint. Although overt congenital hip dysplasia is a 545 

well-recognised risk factor for early hip OA, more subtle degrees of dysplasia have recently been 546 

associated with an increased risk of hip OA. For instance, when assessed as a continuous 547 

measure, each one degree change toward hip dysplasia increased the 20-year risk of hip joint 548 

replacement by 10.5%128. Recently, it was speculated that the acetabular underdevelopment that 549 

occurs in pre-terms babies129 may have long-term implications for hip joint health. Indeed, low 550 

birth weight and pre-term birth have recently been shown to be associated with an increased risk 551 

of hip arthroplasty secondary to OA in later life130. Subtle hip dysplasia may be one mechanism 552 

mediating this risk. Although requiring further examination, early intervention (e.g. double 553 

diapering) may mitigate abnormal hip development in high-risk populations.  554 
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FAI occurs when anatomic abnormalities of the femoral head and/or acetabulum result in 555 

abnormal contact between the two during hip motion, leading to cartilage damage. The 556 

morphometric abnormalities are described by the cam deformity of the femoral head or pincer 557 

deformity of the acetabulum. The condition is commonly observed in younger adults and is on 558 

the causal pathway to hip OA. For instance, radiographic evidence of FAI in young 559 

asymptomatic adults precedes hip OA, with even mild deformity associated with a 3.7 times, and 560 

severe deformity a 9.7 times increased risk for end-stage hip OA in later life131. Modifiable 561 

developmental exposures are also gaining interest. Elite levels of sporting activity during 562 

adolescence have been shown to be a risk factor for FAI132-135, particularly when growth plates 563 

are open134,135. The mechanism for this has been speculated to be secondary to repetitive joint 564 

loading on bones undergoing rapid growth. Similarly, obesity increases hip joint loads and the 565 

Nurses’ Health Study demonstrated a more than 5-fold increased risk for progressing to hip 566 

replacement in later life among 18-year-olds in the highest compared with the lowest body mass 567 

index (BMI) categories (≥ 35 kgm-2 and ≤ 22 kgm-2)136. Occupations that involve heavy lifting, 568 

such as farming, are also a risk factor for hip OA137. However, early occupational exposure is 569 

important, with a study demonstrating that heavy lifting when aged 18 to 30 was associated with 570 

deleterious structural changes of the hip joint in later life138.  571 

 572 

[H2] Prevention of OA – An evolving understanding 573 
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Early developmental factors that influence bone shape may be central to the prevention of hip 574 

OA, while a tailored approach to physical activity may alter the natural history of knee OA. 575 

Weight management remains central to the prevention of OA at various anatomical sites, with a 576 

particular focus on maintaining muscle mass while reducing adiposity. Efforts to elucidate 577 

preventive strategies in OA continue, with new approaches being identified as we gain a greater 578 

understanding of the complexity of the pathogenesis of OA across different joints. 579 

 580 

[H1] MANAGEMENT 581 

The management of OA has been described in evidence-based guidelines from important 582 

musculoskeletal organisations. These include the UK National Institute for Health and Clinical 583 

Excellence (NICE)139, the American College of Rheumatology (ACR)140, the European League 584 

Against Rheumatism (EULAR)141-143, the Osteoarthritis Research Society International 585 

(OARSI)144, the European Society for Clinical and Economical Aspects of Osteoporosis and 586 

Osteoarthritis and the International Osteoporosis and Other Skeletal Diseases Foundation 587 

(ESCEO-IOF)145 and Cochrane Reviews. There is a general consensus on recommended therapy 588 

across these guidelines although discordance exists on particular therapies (Table 2). The 589 

efficacy of therapies may vary according to the anatomical location and number of joints affected 590 

by OA (Figure 11); the majority of the evidence base used in writing these guidelines originates 591 

from clinical trials of knee OA.  592 

 593 

[H2] Initial holistic assessment 594 

Individuals with OA require a comprehensive assessment of the severity and functional impact of 595 
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OA along with their health beliefs, to ensure a personalised management strategy is tailored to 596 

their needs. This is because better pain and functional outcomes are associated with a patient-597 

centred multidisciplinary approach involving a package of interventions, including self-598 

management strategies. A baseline assessment should include the BMI along with the distribution 599 

of joints affected by OA. The involvement of multiple joints and comorbid obesity is prevalent 600 

and a poor prognostic phenotype146,147. The impact of OA on activities of daily living and 601 

employment should also be assessed. The individual’s health beliefs, health education needs and 602 

motivation for self-management are needed to inform a patient-centred strategy. Assessing these 603 

issues may require more than one consultation. 604 

The medical management of OA includes non-pharmacological and pharmacological therapies, 605 

and clinicians and people with OA often use multiple therapies.  606 

 607 

[H2] Non-pharmacological interventions 608 

Amongst the management guidelines there is a general consensus recommending health 609 

education and promotion of self-management. Individuals with OA should understand their 610 

individual risk factors (e.g. obesity), their prognosis, and that OA represents failure of joint 611 

repair, commonly following one or more joint insults. This insight should be reinforced during 612 

serial consultations along with electronic and written information.  613 

Individuals with OA should be encouraged to partake in exercise and be informed of the benefits 614 

of this, irrespective of the functional status and structural or pain severity of the OA with which 615 

they suffer. Cochrane Reviews report that land-based exercise programs for the hip and knee can 616 

improve physical function and pain148,149 although there is less evidence to indicate hand 617 

exercises reduce pain in hand OA. Exercise programs should first aim to improve muscle strength 618 
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around the affected joints, followed by general aerobic exercise. Indeed, muscle weakness plays a 619 

major role in the development of disability, while muscle strengthening is effective at reducing 620 

pain and disability150. Patient adherence to exercise for OA declines over time, so programs 621 

should be tailored to the severity of the OA and involve shared decision making to ensure 622 

tolerability and optimise long-term adherence. For example, individuals with significant 623 

sarcopenia will benefit from initial low-impact exercises (e.g. walking laps in a swimming pool 624 

or cycling on exercise bikes) to strengthen the muscles. This first ‘dose’ of muscle strengthening 625 

exercise should then be titrated up in a patient-centred manner according to the individual’s 626 

capability. 627 

Individuals who are overweight or obese should be provided with dietary advice or a review by a 628 

dietician because weight loss (usually about 10% of body weight) is associated with improved 629 

pain and function, though some studies suggest this inhibits the progression of structural 630 

changes119,120,151,152. Obese individuals attempting weight loss should be encouraged by 631 

explaining that improvement in knee OA symptoms follows a dose-response relationship with 632 

percentage weight loss153. The combination of weight loss and exercise in obese and overweight 633 

individuals offers an additive reduction in pain152. 634 

Aids for OA include adaptation devices, splints and braces. Specific aids are recommended for 635 

specific indications by all of the guidelines; this includes splints for base of thumb OA154,155, 636 

devices for opening jars, and walking canes156. These can facilitate activities of daily living and 637 

reduce OA symptoms. Knee braces can also reduce knee pain and the size of bone marrow 638 

lesions in patellofemoral knee OA157. Individuals with OA of the lower limbs are recommended 639 

to use footwear with thick shock-absorbing soles, no heel elevation, and adequate plantar arch 640 

support141. Transcutaneous electrical nerve stimulation158, acupuncture and thermotherapy159 may 641 
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be adjuncts for treating OA but are not universally recommended due to the limited evidence 642 

supporting their efficacy.  643 

Therefore, a multi-disciplinary, patient-centred combination of education, self-management, 644 

exercise, weight loss with realistic goals, encouragement, and regular reassessment is 645 

recommended for individuals with OA141. 646 

 647 

[H2] Pharmacological inventions: Topical and oral therapies 648 

Topical, oral and injectable pharmacological treatments are available for individuals with OA. 649 

The age, concurrent medications, co-morbid conditions (cardiovascular and gastrointestinal 650 

problems in particular) and predicted adherence should be considered for each individual before 651 

prescribing a pharmacological intervention. Current therapies are at best moderately effective 652 

pain relievers and it is worth noting that studies report that most people with OA have persistent 653 

pain despite taking all their prescribed therapies. The effect size of these therapies is summarised 654 

in Table 3. 655 

First-line therapies include topical non-steroidal anti-inflammatory drugs (NSAIDs) and 656 

paracetamol160. Topical NSAIDs have better safety profiles than oral NSAIDs as systemic drug 657 

levels are much lower. They are, however, limited by joint penetration and multiple daily 658 

applications. Topical capsaicin is a chilli pepper extract that depletes neurotransmitters in sensory 659 

terminals and attenuates the central transmission of peripheral pain impulses from the joint. It is 660 

generally recommended as a supplementary analgesic for hand and knee OA and avoids systemic 661 

toxicity160. Paracetamol is likely a less effective analgesic in OA161-163.  662 

Oral NSAIDS and selective cyclooxygenase-2 (COX-2) inhibitors are the most common oral 663 

pharmacological agents used for treatment of OA. They are associated with significant toxicities 664 
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(gastrointestinal and cardiovascular in particular) especially with increasing age and co-665 

morbidities. Opioids are variably used across countries, though often remain the only option for 666 

people who cannot tolerate or should not be exposed to NSAIDs. However, they bring their own 667 

considerable toxicity profile (including dizziness, nausea, constipation and falls). There is limited 668 

evidence for the use of duloxetine, a serotonin-norepinephrine reuptake inhibitor, in knee OA; the 669 

OARSI and ACR guidelines recommend its use in multi-joint OA and knee OA, respectively. In 670 

the US (but not Europe) duloxetine is licensed for musculoskeletal pain. 671 

Nutraceuticals, including glucosamine and chondroitin sulfate products, are natural compounds 672 

consisting of GAG unit components and GAGs, respectively. These are not recommended by 673 

some existing guidelines139,140,144 due to the lack of certainty of clinically important analgesic 674 

benefit, whereas Cochrane Reviews and ESCEO guidelines conclude these therapies may have 675 

analgesic effects beyond the placebo effect145,164,165. However, more recent observational and trial 676 

evidence indicates their potential as both an effective analgesic166 and for attenuation of structural 677 

progression167,168. There remains controversy regarding the efficacy of nutraceuticals in OA. 678 

 679 

[H2] Intra-articular therapies 680 

Individuals with moderate to severe OA pain may derive short-term analgesic benefits with intra-681 

articular corticosteroids, presumably due to their anti-inflammatory actions. They may be used in 682 

patients in whom pain is preventing appropriate muscle strengthening exercise, or more 683 

uncommonly where large effusions are painful or limit joint movement. HA or hyaluronan is a 684 

high molecular-weight GAG, a naturally occurring component of synovial fluid and cartilage. It 685 

provides the viscoelastic properties of synovial fluid that may provide lubricating and shock 686 

absorbing properties. HA use in knee OA is conditionally recommended by the ACR (2012) 687 
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guidelines140 in individuals with knee OA over the age of 74, with symptoms refractory to 688 

standard pharmacological treatments. The NICE and OARSI guidelines (2014) do not 689 

recommend HA and were informed by a larger literature review and health economic evaluation. 690 

This conclusion is supported by a meta-analysis (2012) of the therapeutic benefit of HA in knee 691 

OA, which states the benefit is small and clinically irrelevant169. 692 

 693 

[H2] Follow up and review  694 

The guidelines do not generally comment on follow up. However, the NICE guidance 695 

recommended regular reviews especially where refractory and disturbing joint pain exists, where 696 

there is greater than one symptomatic joint or co-morbidity, and where regular oral medications 697 

require monitoring (full blood count, renal function). The frequency of follow up should be 698 

agreed upon between the patient and the practitioner in conjunction with sensible goal-setting. 699 

Follow up should also present an opportunity to reassess and reinforce important education and 700 

self-management messages and titrate therapies, and monitor for efficacy and toxicity.  701 

 702 

[H2] Referral for consideration of joint surgery  703 

Arthroscopic lavage and debridement are not recommended for knee OA treatment, without a 704 

clear history of true mechanical locking, because the clinical outcomes are not improved146. 705 

However, if the medical interventions described above fail to sufficiently improve persistent 706 

debilitating symptoms of OA, joint replacement surgery should be considered. Joint replacement 707 

surgery has been very highly effective for the hip and increasingly so for knee joint; the evidence 708 

for other joint replacements lags behind. The individual with OA should be adequately informed 709 

regarding the relative benefits and risks of further medical versus prospective surgical options 710 
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along with a realistic understanding of the postsurgical rehabilitation. Individuals considering 711 

knee replacement should be reviewed for independent risk factors for persistent pain occurring 712 

after total knee replacement. The strongest preoperative predictors of this complication include 713 

mental health disorders, catastrophising, pain at multiple sites and preoperative knee pain170. The 714 

optimal time for a surgical referral should be before an established functional limitation or severe 715 

pain occurs. In younger patients, surgery may be delayed because joint prostheses have a finite 716 

life expectancy and revision surgery offers less favourable outcomes. 717 

 718 

[H2] Structure modification 719 

Therapies that confer a cessation or inhibition of structural deterioration of knee cartilage are 720 

highly desirable. However, conclusive evidence of a structure-modifying therapy is lacking 721 

despite a number of randomised placebo controlled trials that report having achieved this. These 722 

included chondroitin sulfate, glucosamine sulfate167,168,171-173, and strontium ranelate174. There are 723 

currently no licensed structure-modifying therapies. 724 

 725 

[H1] QUALITY OF LIFE 726 

[H2] Morbidity 727 

The lifetime risk of OA-specific morbidity is about 25% for the hip and 45% for the knee; the 728 

disorder is a major contributor to the 57,000 knee and 55,000 hip arthroplasties undertaken each 729 

year in the United Kingdom175-177. In the 2010 World Health Organisation (WHO) Global Burden 730 

of Disease Study, OA was the 11th highest cause of years lived with disability worldwide; this 731 

represented a rise from 15th position in the 1990 study178,179. The disorder is associated with a 732 



NATURE REVIEWS DISEASE PRIMER 

 

33 

 

major impact on activity limitation180, especially walking (22%), but also affects daily living 733 

activities such as dressing (12.8%) and carrying heavy objects (18.6%). In European studies181, 734 

around 11.8% of affected individuals require assistance in care from health professionals, 9.2% 735 

require assistance from immediate family; and 8.9% of health service delivery is directly 736 

attributable to the disorder. The pain and loss of function account for a substantial economic 737 

burden, with estimates typically ranging from around 1.0 to 2.5% of gross domestic product in 738 

Western nations176.  739 

 740 

[H2] Mortality 741 

Patients with OA are at greater risk of premature death than comparable controls from the general 742 

population182. In a large population-based sample of British men and women183 with 743 

symptomatic, radiographically evident OA of the knee and hip, all-cause mortality was 744 

significantly elevated (standard mortality ratio (SMR) 1.55, 95%CI 1.41-1.70). Cause-specific 745 

mortality was particularly high for cardiovascular disease and dementia, possibly through low 746 

grade systemic inflammation, long term use of NSAIDs, or physical inactivity. These findings 747 

were replicated in a Canadian cohort study, where elevated all-cause mortality was associated 748 

with baseline functional limitation184, as well as in the US Study of Osteoporotic Fractures185, 749 

which detected an excess risk of all-cause (hazard ratio (HR) 1.14; 1.05-1.24) and cardiovascular 750 

(HR 1.24; 1.09-1.41) mortality. While associations with cardiovascular risk factors, most notably 751 

obesity, insulin resistance, and hypertension might explain part of the effect of OA on premature 752 

death, novel pathways that lead to accelerated biological senescence present an intriguing 753 

additional possibility. However, those with function loss in some of these studies appear to have 754 

a selective increase in mortality, and it remains possible that the finding may not be disease-755 

specific. 756 
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 757 

[H1] OUTLOOK (Box 1) 758 

OA is among the diseases with the fastest growing incidence, which is mainly due to the aging of 759 

the world population186. The burden of this very chronic, crippling and debilitating disease is an 760 

enormous challenge for the healthcare system and society in general, related to the direct cost of 761 

the disease and all the indirect costs generated by it, not to mention that OA is now recognised as 762 

an independent risk factor for increased mortality182,187. These findings clearly demonstrate the 763 

importance of developing effective treatments that can not only reduce symptoms but also slow 764 

or stop the disease progression188. Significant investment in basic and clinical research over the 765 

last few decades has provided important clues about the risk factors associated with the disease 766 

development and progression. New findings with regard to the disease pathophysiology have 767 

enabled a better understanding of the disease process and identified potential therapeutic 768 

targets189. Much work, however, remains to be done to understand how we can integrate these 769 

findings into a final and comprehensive concept that can explain the chronological steps of the 770 

development of OA. The basic research findings need to be comprehensively integrated with 771 

those from clinical research in order to provide a global, and clearer, picture of the disease 772 

process. Hence, significant new findings from epidemiological, observational, genetic, epigenetic 773 

and clinical studies, including those that have explored structural changes using imaging 774 

technologies such as MRI, have provided a large body of new information about risk factors 775 

associated with OA progression, which complement those generated from basic science 776 

research19,188 integrating a translational approach to OA research. This makes it possible to move 777 

the research focus from observational to interventional, which is the main challenge of the next 778 

decade in this field of research, with emphasis on the development of disease-modifying OA drug 779 
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(DMOAD) treatments. Prevention should remain an important dimension of the management of 780 

OA. Observational studies such as the Osteoarthritis Initiative (OAI)190, the Tasmanian older 781 

adult cohort (TASOAC)191 and others have helped provide valuable information in that respect 782 

and hopefully more will come from ongoing and future observational studies. 783 

The therapeutic options for OA treatment as mentioned are still for the most part symptomatic 784 

and no DMOAD treatment has yet received regulatory approval. The development of safe and 785 

effective new treatments for OA is the main challenge of the future. The recent safety issues 786 

surrounding NSAIDs and acetaminophen have unfortunately left clinicians with even fewer 787 

options for the treatment of OA patients163,192. Symptomatic slow-acting drugs for OA 788 

(SYSADOAs), local and topical, could be helpful but more new drugs/agents are desperately 789 

needed145. The recent advances in understanding the pain mechanisms in OA should be of help in 790 

the development of more targeted therapy with improved benefit-to-risk balance that can also 791 

improve the quality of life of patients. There is also a need for developing new tools that can help 792 

predict which patients should present a better response to a specific treatment193. Personalised 793 

medicine is becoming a priority and should include OA treatment194-197. The strategy regarding 794 

treatment of OA symptoms should focus on, in addition to the pain itself, factors that may be 795 

responsible for its modulation, particularly in older patients.  796 

The ultimate goal of future therapeutic development in OA is to target treatments that will not 797 

only improve symptoms but at the same time reduce or stop disease progression (DMOADs)19,188. 798 

However, OA is a more complex disease than previously assumed and it is believed to involve 799 

multiple phenotypes/subgroups. Identifying phenotypes will also likely help the development of 800 

approaches to non-pharmacological management of OA as well as other treatment modalities as, 801 

for example, a depressive OA phenotype has recently been identified, which may need targeted 802 
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treatment198. It is now of the utmost importance to move this therapeutic field forward; 803 

selectively targeting some phenotypes of OA patients may allow the development of DMOADs 804 

based on personalised medicine. We need to look closely at past experience and take steps to 805 

improve upon what we have learned. This topic, which is the subject of recent review 806 

articles19,188, remains the same today. There are several important issues that need to be 807 

addressed, including the heterogeneity between studies and regulatory guidelines. Clinical trial 808 

protocols should be better standardised and more uniform188. 809 

Much emphasis has been placed on studying the weight-bearing joints. Since OA is very often a 810 

generalised disease, the question as to what should be the primary outcome of DMOAD studies, 811 

as well as which OA patient subgroups to include, should be revisited. Moreover, the issue of 812 

DMOADs being required to have the dual action of symptomatic efficacy should be 813 

comprehensive of an improvement in quality of life and well-being of patients, rather than 814 

focusing primarily on pain. Study outcome measures as defined today by regulatory bodies are 815 

not optimal in view of the recent advances in OA research199. These should be updated, taking 816 

into account recommendations from different groups of experts looking at defining “responder 817 

criteria.” 818 

Reducing DMOAD study duration and the number of patients needed in DMOAD trials can 819 

likely be achieved with the use of advanced imaging technologies such as MRI rather than X-820 

rays19. As in many other fields of medical research, this should allow for significant saving, 821 

making DMOAD development programs more accessible19. 822 

In summary, OA remains one of the most challenging chronic diseases. Its steadily increasing 823 

prevalence, impact on the quality of life of an aging population, and economic burden provide a 824 

strong rationale for the urgent need for increasing the investment made to better understanding 825 
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and dealing with disease symptoms and joint structure damage. Much has been accomplished but 826 

much remains to be done. This is particularly true with regard to developing new drugs and 827 

agents that can improve disease symptoms at the same time as reduce joint destruction. 828 

  829 
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 830 

Box 1. 831 

 

 SIGNIFICANT PROGRESS MADE IN: 

 Pathophysiology 

 Identifying impact of disease on quality of life 

 Risk factors associated with disease development/progression 

 Imaging technology to assess structural changes and progression 

 Treatment of disease symptoms 

 

 MAJOR CHALLENGES REMAINING: 

 Targeted development of new, effective and safe symptomatic and disease-modifying 

treatment (DMOAD) 

 Identification of biomarkers to predict disease development/progression 

 Optimisation and uniformity of clinical trial protocol design 

 Updating by the regulatory bodies of clinical trial guidelines for the conduct of 

DMOAD trials including defining study outcomes 

 

 832 
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[Referees: Please note that all figures will be redrawn before publication.]  

FIGURE LEGENDS 

Figure 1. Prevalence of osteoarthritis: Dutch population sample26. Age and sex-specific 

prevalence rates for radiographic osteoarthritis affecting the distal interphalangeal (DIP) joint, 

knee and hip in a large Dutch population sample. 

 

Figure 2. Incidence of symptomatic osteoarthritis of the hand, knee and hip. Data from the Fallon 

Community Health Plan29. 

 

Figure 3. Histological cross section of a normal diarthrodial joint illustrating the major structural 

elements, including the articular cartilage (with chondrocytes), tidemark (separating the calcified 

and articular cartilage), calcified cartilage, and subchondral cortical and trabecular bone. Also 

illustrated are the organisation and composition of the articular cartilage extracellular matrix36,200. 

 

Figure 4. Histopathologic cross section of a joint with advanced osteoarthritic changes 

characterised by fissuring and fragmentation of the articular cartilage, chondrocyte proliferation 

and hypertrophy, duplication and advancement of the tidemark, expansion of the zone of calcified 

cartilage, thickening of the subchondral cortical plate and vascular invasion of the bone and 

calcified cartilage. Histology provided by Edward F. DiCarlo, MD, Pathology Department, 

Hospital for Special Surgery, New York, NY. 

 

Figure 5. A) Osteocytes decrease sclerostin levels in response to increased mechanical loading. 

Sclerostin is an inhibitor of the Wnt pathway that regulates osteoblast differentiation. Decreased 

sclerostin results in increased Wnt signalling and enhanced osteoblast-mediated bone formation. 
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B) Osteocytes increase RANKL in response to unloading. RANKL induces osteoclast 

differentiation leading to increased bone resorption. 

 

Figure 6. Cellular mechanisms of periarticular bone adaptation. In response to altered 

mechanical forces, periarticular bone alters its structural organisation and shape via cell-mediated 

processes of remodelling, modelling and endochondral ossification. 

 

Figure 7. Representative synovial OA histopathology. Panel (a) depicts normal appearing 

synovial membrane with a thin lining layer and loose connective tissue subintimal layer. The 

section in panel (b) demonstrates synovial lining hyperplasia (arrow), villous hyperplasia 

(arrowhead), fibrosis (star) and perivascular mononuclear cell infiltrates (double-headed arrow). 

Panel (c) depicts the distribution of synovial macrophages (CD68+ cells) concentrated in the 

synovial lining layer and (d) scattered throughout the subintimal layer and the perivascular 

infiltrates. Panels (e) and (f) demonstrate that the majority of cells within the perivascular 

infiltrates express markers of (e) T (CD3+) and (f) B lymphocytes (CD20+). Reproduced from76. 

 

Figure 8. Model of cross-talk between cartilage and synovium in the pathogenesis of OA201. 

Products released from the cartilage matrix and/or the chondrocytes in response to adverse 

mechanical forces and systemic factors (e.g. obesity and adipokines) induce the release of 

products that deregulate chondrocyte function via paracrine and autocrine mechanisms. Catabolic 

enzymes released by the chondrocytes degrade the cartilage matrix releasing extracellular matrix 

(ECM) products that, along with the other proinflammatory chondrocyte derived-products, act on 

the synovium to induce inflammation and the release of proinflammatory products that feedback 
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on the chondrocytes to further deregulate their function. 

 

Figure 9. A growing understanding of the complexity of risk factors for knee osteoarthritis. 

 

Figure 10. Various pathways by which novel risk factors influence the pathogenesis of hip osteoarthritis. 

 

Figure 11. OARSI Guidelines for the non-surgical management of knee osteoarthritis. Reproduced 

from144. 

 

 

New Figure A. Examples of knee and hand radiographic osteoarthritis. Note the presence of joint 

space narrowing and osteophytes in both radiographs and the presence of chondrocalcinosis in 

the knee which is commonly associated with osteoarthritis. 

 

New Figure B. Knee MRI showing all the characteristic features of osteoarthritis on MRI on T2. 

(a) suprapatellar effusion; (b) patella cartilage defect; (c) bone marrow lesion; (d) large 

osteophyte; (e) Hoffa’s synovitis; (f) anterior horn meniscal tear. Reproduced with permission 

from102. 
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Table 1. Inflammatory mediators, catabolic factors and cell or matrix-derived products in 

the OA joint (synovium and chondrocyte) 

Cytokines/Chemokines Inflammatory 

Mediators 

Matrix Degradation Cell/Matrix Derived Products 

IL-1 PGE2 MMP-1 Alarmins (S100, etc.) 
IL-6 NO MMP-3 Fibronectin fragments 

IL-15 ROS MMP-13 HA fragments 

OSM Complement Aggrecanase Collagen fragments 

TNF-α  (ADAMTS4, 5) Proteoglycan fragments 

Chemokines  Cathepsins HMGB1 

 

Abbreviations: IL, interleukin; PGE2, prostaglandin E2; MMP, matrix metalloproteinase; NO, 
nitric oxide; ROS, reactive oxygen species; HA, hyaluronic acid; OSM, oncostatin M; TNF, 
tumour necrosis factor; ADAMTS, a disintegrin and metalloproteinase with thrombospondin 
motifs; HMGB, high mobility group box. 
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Table 2. Summary of the latest evidence-based guidelines for OA treatments 

Guideline 
NICE 

2014 

ESCEO 

2014 

OARSI  

2014 

OARSI 

2014 

EULAR  

2013 

ACR 

2012 

ACR 

2012 

ACR 

2012 

Site of Osteoarthritis All sites Knee Knee Multi-joint Knee and Hip Hand Knee Hip 

Therapy              

Exercise / physiotherapy / water and land based + + + + + NE + + 

Education, self-management + + + + + (+) (+) (+) 

Weight loss in obesity + + + + + NE + + 

Thermotherapy (e.g. hot packs/spa) + + NR (+) NE (+) (+) (+) 

Acupuncture - + NR NR NE NE (+) NE 

Transcutaneous electrical nerve stimulation + + NR - NE NE (+) NE 

Aids, adaptations, braces, footwear (site specific) + (+) (+) (+) + (+) (+) (+) 

Paracetamol + + (+) + NE NE (+) (+) 

Topical NSAIDs + + + NR NE (+) (+) NR 

Oral NSAIDs (lowest possible dose) + + (+) (+) NE (+) (+) (+) 

Topical capsaicin  +* (+) (+) NR NE (+) - NE 

Opioids (for refractory pain) (+) + NR NR NE - (+) NR 

Nutraceuticals -glucosamine and chondroitin sulfate - + NR NR NE NE - - 

Duloxetine NE (+) NR + NE NE (+) NR 

Risedronate NE NE - - NE NE NE NE 

Strontium - NE NE NE NE NE NE NE 

Intra-articular corticosteroids + (+) (+) + NE - (+) (+) 

Intra-articular hyaluronans - (+) NR - NE - (+) NR 

Surgery - Lavage/debridement -# - NE NE NE NE NE NE 

Surgery - TJR / arthroplasty (site specific)  (+) (+) + NE NE NE NE NE 

+, treatment is unconditionally recommended; (+), treatment is conditionally recommended; -, treatment is not recommended; NE, treatment not evaluated; NR, no 

recommendation for treatment despite reviewing the evidence; *, excluding hip osteoarthritis; #, unless there is a clear history of mechanical knee locking. 

Abbreviations: NICE, National Institute for Health and Care Excellence139; ESCEO, European Society for Clinical and Economical Aspects of Osteoporosis and 

Osteoarthritis; OARSI, Osteoarthritis Research Society International; EULAR, European League Against Rheumatism; ACR, American College of Rheumatology; 

NSAID, non-steroidal anti-inflammatory drug; TJR, total joint replacement. This is not a head-to-head comparison of the guidelines but a summary of the 

recommendations. Each guideline addresses different anatomical sites. Table adapted from202. 
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Table 3 Relationship between effect size for pain relief and quality of randomised controlled trial 

 

Abbreviations: NSAIDs, non-steroidal anti-inflammatory drugs; IAHA, intra-articular hyaluronic acid; GS, glucosamine; CS, chondroitin sulfate; 

ASU, avocado soybean unsaponifiables 

Table reproduced from160 

 

 


