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What makes osteoarthritis painful? The evidence
for local and central pain processing
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Abstract

OA is a chronic arthritic disease characterized by pain, local tissue damage and attempts at tissue repair.

Historically, cartilage damage was believed to be the hallmark of OA. However, since cartilage is an avas-

cular, aneural tissue, the mechanisms of pain are likely to be complex and influenced by non-cartilaginous

structures in the joint including the synovium, bone and soft tissue. Imaging studies reveal the presence of

synovitis and bone marrow lesions that may mediate pain. The presence of local joint inflammation and

altered cartilage and bone turnover in OA implicates a potential role for a range of molecular mediators in

OA pain. Mechanisms of pain perception may include the activation and release of local pro-inflammatory

mediators such as prostaglandins and cytokines accompanied by the destruction of tissue, which is

mediated by proteases. However, clinically, there is often disparity between the degree of pain perception

and the extent of joint changes in subjects with OA. Such observations have prompted work to investigate

the mechanisms of central pain perception in OA. Functional MRI has identified multiple areas of the brain

that are involved in OA pain processing. These data demonstrate that pain perception in OA is complex in

being influenced by local factors and activation of central pain-processing pathways. In this review, we will

discuss current concepts underlying the pathophysiology of pain perception in OA and suggest possible

directions for the future management of pain in this condition based on recent clinical studies.

Key words: Osteoarthritis, Cartilage, Bone, Synovium, Brain, MRI, Ultrasonography, NSAIDs, Intra-articular
agents, Pain assessment and management.

Introduction

OA is the commonest form of arthritis worldwide, affecting

growing numbers of people in our ageing populations. The

commonest joints affected are large weight-bearing joints,

such as the hip and knee, and smaller peripheral joints,

including the hands [1]. OA affects at least 50% of people

>65 years of age, and occurs in younger individuals fol-

lowing joint injury. This figure is set to rise with increases

in obesity and the ageing of our population. The disease is

characterized initially by cartilage degradation, which

often precedes changes in the underlying bone. Patients

largely present with pain and disability after significant

loss of cartilage has occurred, but it is estimated that up

to 40% of individuals with radiological damage have no

pain [2]. There are currently no disease-modifying agents

for OA, hence management is by physical approaches,

pain relief and surgical joint replacement in suitable indi-

viduals. Pain is the main reason for presentation of OA

patients to clinical services. However, despite treatment

with conventional analgesic drugs, most subjects with OA

continue to experience pain. There is, therefore, an unmet

need to gain a deeper understanding of pain pathways in

this condition.

Historically, OA has been described as a primary dis-

order of cartilage. Although there is loss of tissue compo-

nents in OA, there is also production of new tissue,

including fibrocartilage and attempts by the cartilage to

regenerate as evidenced by increased protein synthesis

by chondrocytes, especially in the early stages of disease.

Such changes are accompanied by joint remodelling.

Therefore, OA has been regarded as a hypertrophic arth-

ritis (with RA as an atrophic arthritis), emphasizing that

new tissue production and remodelling are character-

istic features. Imaging studies in OA joints have shown

that joint inflammation occurs in OA and is influenced

by local structures including ligaments, bones, tendons

and effusions [3]. Studies using US and MRI have demon-

strated that synovitis and bone marrow oedema are
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important factors contributing to pain in OA. More recent-

ly, neuroimaging has provided evidence of the contribu-

tion of the central brain network to pain perception in OA.

The main factors that we will consider with respect to

OA pain in this review are: current understanding of the

molecular pathways for pain mediation; how imaging

techniques including MRI and US have helped to under-

stand pain perception; and a review of the emerging data

for central pain processing from clinical studies. Finally,

we will relate how the data available can be applied to

understanding potential therapeutic targets for the treat-

ment of OA pain in the future.

Molecular pathways in OA pain

Recent developments have led to an improved under-

standing of pain pathways at the molecular level [4].

There is undoubtedly activation of local pain perception

phenomena in the most common arthritides including

OA and RA. An important consideration is that the pain

experience in OA is probably no different from many other

chronic conditions that are associated with peripheral tis-

sue injury and repair. In this review, we will review the

physiology of pain in OA and highlight how it is character-

ized by ascending processes and descending inhibition,

often mirrored in other inflammatory and non-inflammatory

joint conditions. Such observations emphasize that such

features observed in OA are likely to be generalized to

other joint conditions.

Historically, cartilage loss with accompanying bone

changes such as osteophytes, sclerosis and cysts have

been described as the hallmark lesions in OA [7]. More

recent work has shown that not only do changes in car-

tilage in the OA joint include chondrocyte cell death and

loss of cartilage extracellular matrix [8], but also there is

production of new tissue including fibrocartilage and at-

tempts by tissue to regenerate, e.g. increased protein

synthesis and attempts at cartilage matrix repair by chon-

drocytes [8]. In normal physiology, cartilage is an avascu-

lar and aneural tissue, and thus pain mediation may well

be arising from other joint structures. As ongoing joint

destruction occurs in OA, features observed in the sur-

rounding bone include osteophyte formation, which may

impair joint mobility and induce pain by impinging on

other local joint structures. Additional potentially relevant

features include bone sclerosis and subchondral cysts.

Physiological mechanisms of pain operate at the local

joint level, the dorsal root ganglion (DRG) level and

higher brain processing centres. Several pro-inflammatory

mediators may be recruited into the OA joint associated

with damage, including nerve growth factor (NGF), nitric

oxide (NO) and prostanoids [11, 12] (Fig. 1). These inflam-

matory mediators cause localized damage to tissues,

such as synovium, as well as activating peripheral noci-

ceptors. During chronic disease, the nociceptive system

can become sensitized, leading to a heightened sensitivity

to noxious stimuli (hyperalgesia) [5], and to pain in response

to non-noxious stimuli (allodynia) [6]. The activation of these

nociceptors is subsequently transmitted via the DRG, up

through the spinothalamic tract to higher cortical centres

where signals are processed and perceived as pain.

Mediators of pain at the DRG level in OA are believed to

include NGF, calcitonin gene-related peptide (CGRP),

vasoactive intestinal peptide (VIP), vanilloid receptor 1

(TRPV1) and opioid receptors (ORs). Transient receptor

potential cation channel subfamily V member 1 (TRPV1)

is also known as vanilloid receptor 1 and the capsaicin

receptor. Chemical mediators of pain in the brain include

FIG. 1 Molecules implicated in pain mediation in OA at the joint and DRG level. SP: substance P; mOR: m class opioid

receptor.
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agents such as substance P, serotonin and glutamate

[15]. These are illustrated in Fig. 1.

Recent reports have also suggested that growth factors

are implicated in neovascularization in the OA joint.

Specifically, VEGF and PDGF are important mediators of

blood vessel growth. Previous literature describing obser-

vations that cartilage is entirely avascular and aneural has

recently been challenged, suggesting that modifications

occur during OA disease. Walsh et al. [13] have shown

VEGF expression in OA chondrocytes and increased

osteochondral angiogenesis in OA subjects. It has been

suggested that molecules expressed by sensory nerves,

e.g. NGF, may be associated with neovascularization,

thereby linking osteochondral angiogenesis to pain in OA.

In addition in the joint, molecules such as prostaglan-

dins, bradykinin and CGRP may stimulate primary sensory

neurones by activating ion channel-linked receptors on

the sensory afferent neurone [16]. TRPV1 can be activated

in the primary sensory neuron and is heat sensitive [17].

Thus, changes in the local joint temperature may acti-

vate this receptor during chronic inflammation. Stimuli

for the TRPV1 include capsaicin and acidic conditions,

which can induce pain by activating polymodal nocicep-

tive neurons [17]. Since these neurons contain VR1

(or VR1 variants) they may act as integrators of

nociceptive stimuli. Upon prolonged exposure to capsa-

icin, TRPV1 activity decreases, a phenomenon called

desensitization [18].

The CNS is an organ demonstrating plasticity in a

system that has the capacity to change, e.g. following per-

ipheral tissue damage. For example, receptor expression

may be up- or down-regulated and new synapses may form

within the dorsal horn. Neurones may also alter their thresh-

old of firing. Inflammation may lead to hypersensitivity of

peripheral afferent neurones. In central sensitization, there

may be persistent activation of primary afferent neurons

that is believed to be mediated by the N-methyl-D-aspar-

tic acid (NMDA) receptor at the dorsal horn level [22].

Activation of such neurons may be influenced not only

by localized noxious stimuli associated with inflammation,

but structural and biochemical changes also seem to

occur in the systems that perceive pain. This theory has

been demonstrated by Ivanavicius et al. [23], who showed

the variable efficacy of NSAIDs over time in a rat model of

OA with the peak effect at 14 days post-injury. Beyond

this time, the analgesic effect became minimal. However,

throughout the time course of the experiment, amitriptyline

and gabapentin remained efficacious. These results give

weight to the theory that although inflammation and joint

damage cause the initial trigger for pain, sustained expos-

ure to noxious stimuli can cause neuronal plasticity and a

subsequent abnormal sensation of pain, unrelated to the

inflammation.

Radiological evidence for local
inflammation in OA

Imaging techniques have recently provided new informa-

tion to help understand mechanisms of pain perception

in the OA joint. In this section, the evidence from imaging-

based studies demonstrating that bone marrow lesions

(BMLs) and synovitis mediate pain in OA will be

discussed.

MRI is a sensitive technique, which allows the evalu-

ation of several soft tissue structures including synovium,

cartilage and subchondral bone. BMLs can often be vis-

ualized on MRI in subjects with OA (Fig. 2). For example,

in one of the largest studies of its kind, BMLs were found

in 272 (77.5%) out of 351 people with painful knees

compared with 15 (30%) out of 50 with no knee pain

(P< 0.001) [28]. BMLs are alterations in signal intensity,

which are adjacent to the subchondral plate [24], and

include bone marrow necrosis, bone marrow fibrosis,

trabecular abnormalities and bone marrow oedema [25].

BMLs may appear after acute injury as a result of impact

collision between the femoral condyle and tibial plateau

[26]. However, BMLs can also occur in joint regions, which

are subjected to chronic excess focal loading including

when joints are malaligned [27]. Felson et al. [28] reported

a study of 401 knee OA participants, 50 of whom had

no knee pain. Subjects had coronal T2-weighted fat-

suppressed MRI scans and BMLs were graded 0�3 ac-

cording to their size. The frequency of BMLs increased

with radiographic grade of OA: 48% of Kellgren�

Lawrence (KL) Grade 0 had BMLs compared with 100%

of those with KL Grade 4. Additionally, BMLs were found

in 78% of painful knee group compared with 30% of the

non-painful knee group (P< 0.001). In another study of

BMLs in OA subjects analysed by painful and non-painful

OA groups, larger lesions (>1 cm2) were more frequent in

the painful vs non-painful knee OA group (P< 0.05) [29]. In

this study of women with knee OA, the participants with

larger BMLs were more likely to have full-thickness cartil-

age defects, adjacent subcortical bone abnormalities and

painful knee OA with an odds ratio of 3.2 [29].

Although much attention has been focused on BMLs,

MRI studies of subjects with OA also have a number of

other joint changes, which include knee effusions,

FIG. 2 MRI sagittal knee imaging showing severe OA with

cartilage loss and femoral bone oedema (! in yellow).
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meniscal lesions, hyaline cartilage loss and synovitis, all at

the same time (reviewed in [30]). It is, therefore, not en-

tirely clear as to which lesions come first and whether

there is a temporal sequence to the development of le-

sions that influence pain in OA. These issues have been

addressed by the Multicenter Osteoarthritis Study (MOST)

study [31, 32], which is a large prospective, longitudinal

study to assess the temporal relation between MRI-

detected BMLs, full-thickness cartilage loss and subchon-

dral cysts (SCs) in the same subregion of the knee, for

the evaluation of the pathogenesis of SCs in light of SF

intrusion and bone contusion theories. The findings of the

MOST study have demonstrated that mensical pathology

is strongly associated with incident and enlarging BMLs

[32] and BMLs also predict SC formation in the same

region [31], thereby supporting the bone contusion

theory of SC formation. Previous studies have demon-

strated that BMLs and full thickness cartilage loss predict

SC formation longitudinally [33]. BMLs appear to repre-

sent focal bone remodelling due to overloading, and enlar-

ging BMLs are predictors of pain and progression of

cartilage damage in OA [34]. They are, therefore, potential

targets for treatment of pain in OA.

Taljanovic et al. [35] compared MRI features with histo-

logical findings in 19 subjects after hip replacement,

demonstrating microfractures in different stages of heal-

ing and bone marrow necrosis in 100% of patients of

whom 85% had bone marrow fibrosis. In contrast, only

40% of patients had small amounts of oedema. This

study concluded that the amount of bone marrow oedema

in the OA hip, as measured by MRI, correlates with the

severity of pain, radiographic findings and microfractures.

Synovitis in OA

Synovitis is an under-appreciated phenomenon in OA,

which may explain the perception of pain. Various imaging

modalities including US (Fig. 3) and MRI have demon-

strated that synovitis is a common subclinical phenom-

enon in OA-affected hands, hips and knees [37�39].

Roemer et al. [37] semi-quantitatively assessed synovitis

using contrast-enhanced MRI and showed that 89.2% of

OA-affected knees showed Grade >2 synovitis. The most

common sites of detection included the posterior cruciate

ligament and the suprapatellar region. Synovitis has also

been shown to have a strong correlation with knee pain

severity [assessed by the Western Ontario and McMaster

Universities Arthritis Index (WOMAC) pain scale] in a con-

trast-enhanced MRI study [39]. For knee pain, synovitis

conferred a 9.2-fold increased odds ratio compared with

those without synovitis (Table 1).

Evidence of central pain processing
from neuroimaging studies

Recently, functional MRI (fMRI) studies have been used to

investigate how the brain processes noxious stimuli in OA

and the cortical location to which perception of pain is

mapped (Fig. 4). fMRI measures changes in relative oxy-

genation of the blood in the brain during dynamic imaging

FIG. 3 US scan of the first CMC joint of a subject with OA

showing evidence of synovial thickening and increased

vascularity on power Doppler imaging.

FIG. 4 Schematic diagram of central pain-processing

pathways implicated in OA pain processing.

TABLE 1 Correlation of imaging changes with knee pain in

OA

Radiological
change

Odds
ratio Reference

BMLs 3.2 [29]

Synovitis 9.2 [37]
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after performing functional tasks while patients are being

scanned. Blood oxygen-level dependence (BOLD) is the

MRI contrast of blood deoxyhaemoglobin, first discovered

in 1990 by Seiji Ogawa at AT & T Bell laboratories [41]. The

principles and problems of fMRI are well known [42], but it

is worth highlighting a few points in relation to the experi-

mental difficulties with regard to pain studies by fMRI.

Such studies involve the use of a fast MRI method (less

than a second per image slice) for which the image inten-

sity is sensitive to the variations in magnetic field created

in tissue by the presence of paramagnetic deoxyhaemo-

globin. A regional increase in metabolic activity asso-

ciated with performing a task or processing a stimulus,

initiates a localized increase in blood flow that leads to

reduced deoxyhaemoglobin levels and a small signal in-

crease, which is a maximum of 10% even in a modern 3T

clinical MRI scanner. fMRI is, therefore, a low-sensitivity

measurement that generally requires that image data

are averaged over several repeat measurements in indi-

vidual patients, or over several patient data sets, to get

reliable results. The use of paradigms with reproducible

and quantifiable levels of pain stimulus are thus of great

importance. fMRI data are temporally and spatially sepa-

rated from the neuronal activation itself. In fMRI, the max-

imum blood flow change is being imaged, which occurs

typically at �5 s after the task or stimulus is initiated, and

may relate to blood flow changes in arterioles displaced

from the activated neurones, although this activation dis-

placement is likely a small effect at the typical 3-mm spa-

tial resolution of fMRI. As with all fMRI, careful paradigm

design on how the pain is delivered and the data analysed

and the use of appropriate control measurements are thus

essential [43].

Recent work by Baliki et al. [44] has reported that pain-

ful mechanical knee stimulation in OA was associated with

bilateral activity in the thalamus, secondary somatosen-

sory, insular and cingulate cortices, with unilateral activity

in the putamen and amygdala. These data suggest that

painful stimulation in subjects with OA of the knee en-

gages with many brain regions commonly observed in

acute pain. Local treatment of the knee with lignocaine

resulted in reduction of brain activity detected on fMRI

in the regions described previously, suggesting that cen-

tral activation of the brain mediates pain during OA. Such

results also help to disentangle pain responses from

anxiety or other emotional, non-painful responses. In the

same study, patients who had spontaneous back pain in a

cohort of patients with low back pain showed activity by

fMRI in the medial prefrontal cortex, with reduced brain

activation after treatment with lignocaine [44]. The regions

activated in these studies of OA subjects show patterns

in brain regions similar to those in touch-evoked pain

(allodynia) [45] and acute pain [46].

Recent work by Gwilym et al. [47] using fMRI has also

suggested that patients with hip OA who experience

referred pain may have specific central components of

activation to explain their symptoms when they are asso-

ciated with neuropathic features. In their study, 20 right-

handed subjects with hip OA were compared with

12 right-handed control subjects. They were assessed

using recognized scales for behavioural testing, including the

Beck Depression Inventory (BDI), the Pain Catastrophizing

scale and the PainDETECT scale, which has been used to

assess neuropathic elements of a patient’s pain. Correla-

tion of high PainDETECT scores was found with higher

ratings of hyperalgesia on sensory testing and higher

activation in the periaqueductal grey region compared

with patients with less neuropathic symptoms and signs.

Other techniques, including PET, have been used in

analysing central pain processing in OA. Using this tech-

nique, 2D or 3D images of blood flow or metabolic brain

processes can be acquired. A variety or radioisotopes

(e.g. 18F, 11C, 124I) decay with the emission of a positron

(a positively charged electron) and radiopharmaceuticals

carrying these isotopes can be designed with specific bio-

logical activity. In tissue, the emitted positron will only

travel by up to a few millimetres before encountering an

electron and the two particles will annihilate and yield two

high-energy photons that travel in opposite directions. A

ring of scintillation detectors around the patient are

designed to detect these annihilation pairs in coincidence

and so reconstruct an image representing the tissue dis-

tribution of the radionuclide. 18F fluorodeoxyglucose (FDG),

an analogue of glucose, is commonly used for measuring

tissue energy metabolism, 15O in agents for perfusion

measurements and other tracers have been designed to

target dopamine receptors and serotonin transporters.

Kulkarni et al. [48] were one of the first groups to dem-

onstrate activation of selective brain regions using

FDG-PET in a cohort of patients with knee OA. The

brain activity of 12 patients with OA was compared in

three different states: arthritic knee pain; experimental

knee pain (pin applied on an occasion when the patients

were not experiencing arthritic pain); and pain free.

Measurements of regional cerebral metabolic rate of

glucose metabolism (rCMRGlu) were measured in the

three scenarios described. In a comparison of arthritic

vs pain-free conditions, rCMRGlu was bilaterally enhanced

in all areas of the brain implicated in pain processing,

which included the posterior cingulated cortex, anterior

midcingulate cortex, prefrontal cortex, orbitofrontal

cortex and primary somatosensory cortex. In addition,

unilateral activations were seen in the left thalamus, left

periungal cingulated cortex, left amygdala and right sup-

plementary motor area. In comparison, different regions of

activation were observed in arthritic pain vs experimental

pain. As the results from this study in Fig. 4 show, when

compared with experimental knee pain, arthritic pain in

the same knee was associated with increased activation

of several areas in the limbic and motor areas. Bilateral

activation was observed in the periungal cingulate,

anterior midcingulate, posterior midcingulate, subungal

cingulated and posterior cingulated, the amygdala and

orbitofrontal cortex. The most statistically significant acti-

vations were observed in the anterior cingulated cortex,

where the activation spanned from the anterior to the pos-

terior midcingulate region. This study proposed that al-

though arthritic pain and experimental pain activate
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similar areas of the brain, arthritic pain is also associated

with areas of the brain implicated in affect, aversive con-

ditioning and motivation. These findings have important

potential implications for the management of patients

with long-term OA pain. The brain imaging studies

described above provide deeper insights into the mech-

anistic processes of treatment effects, and have potential

use as an anatomic and functional model for future anal-

gesic drug development.

Implications for treatment of OA pain
and future directions

In this review, we have outlined current understanding of

the mechanisms of pain mediation locally in the OA joint

based on molecular pathways and imaging studies. A

number of features in the OA joint implicated in mediating

pain have been outlined and include BMLs, effusions and

synovitis. A summary of a logical approach for treatment

of pain in OA is illustrated in Fig. 5.

Current treatments for pain continue to be focused on

both the use of topical agents including NSAIDs [21] and

capsaicin [19] and systemic agents including NSAIDs and

opiate drugs [21]. Physical approaches, such as the ap-

plication of heat or cold packs, transcutaneous electrical

nerve stimulation (TENS) and capsaicin may affect

molecular pathways; for example, desensitization of

TRPV1 is thought to underlie the paradoxical analgesic

effect of capsaicin.

The first reports of blockade of a specific molecular

target with anti-NGF mAbs (in a study of knee OA) sug-

gested that although promising analgesic effects were

achieved in the short term, significant side effects were

an important consideration, including paraesthesia, per-

ipheral neuropathy and worsening arthritis [14]. There

were also worsening rates of joint replacement in the

treatment group, questioning whether anti-NGF therapy

is viable in OA subjects in the long term. In a patient popu-

lation with a chronic disease, this approach will need to

demonstrate efficacy with minimal side effects in the long

term, if it is to be adopted in routine care. Such results are

awaited from ongoing studies of other NGF-directed

therapies in development.

Therapeutic approaches targeting BMLs may include

pharmacological intervention or alteration of loading.

Emerging studies have demonstrated the use of bispho-

sphonates to target pain related to BMLs. For example,

Laslett et al. [36] recently reported the use of a single

zoledronic acid infusion for the treatment of knee pain in

OA subjects associated with BML. The authors reported

that participants had reduced VAS pain scores at

6 months, but not 12 months post-infusion. There was

also a reduction in BML size compared with placebo,

which was maintained at 12 months. It remains to be

seen whether such therapies could have a sustained

analgesic effect, and whether reduction of BML in the

long term could influence structural progression of OA.

Data have also emerged that synovitis is a significant

factor influencing pain in OA and recent work has pro-

posed use of CSs in reducing such effects [39].

Evidence has also shown that exacerbations of OA can

be associated with a synovial reaction [9]. Such changes

may be amenable to treatment with anti-inflammatory

drugs [10]. In hand OA, Keen et al. [39] showed that

grey-scale hypertrophy and power Doppler synovitis are

reversible with IM CS therapy [39] for up to 12 weeks.

Other studies have demonstrated that in hip OA, with

US-detected synovitis, treatment with CS injections had

higher efficacy than saline or hyaluronan injections [40].

However, long-term CS use is not without toxicity and

it may be preferable to consider trials aimed at inhibit-

ing synovitis with disease-modifying drugs. For example,

a recent open-label study reported the use of MTX for treat-

ment of painful knee OA in subjects with radiological evi-

dence of synovitis [49]. Further, large-scale randomized

controlled trials are justified to assess the effects of

DMARDs and other synovitis-directed therapies on pain

and structural progression in the long term in OA.

Evidence for central pain processing in OA provides a

rationale for the use of therapeutic agents that target cen-

tral pain mediation pathways. For example, duloxetine, a

selective noradrenaline and serotonin reuptake inhibitor,

which is licensed for the treatment of neuropathic pain,

has recently been shown to be effective in the treatment of

OA knee pain as early as 4 weeks post treatment [50]. The

analgesic effect of duloxetine was sustained at 13 weeks

and associated with improvement in function [50]. These

findings have also been replicated in an Egyptian popula-

tion of 188 subjects with knee OA, where duloxetine re-

sulted in a statistically significant reduction in pain

compared with placebo, with additional improvement in

WOMAC scores at 16 weeks [51]. Further work is war-

ranted to investigate the effects of other centrally acting

agents for the treatment of pain in OA.

FIG. 5 Therapeutic options for targeting pain at different

levels of the pain-processing pathway.
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At the dorsal horn level, descending inhibitory mechan-

isms arising from the frontal cortex and hypothalamus can

alter pain stimuli [22]. This system of pain control that is

endogenous to the body is mediated by opioids and can-

nabinoids produced within the body [20]. The production

of these endogenous mediators can be enhanced by

interventions such as relaxation, meditation and hypnosis

and may also be accentuated in the placebo response.

A number of randomized controlled trials in OA report sig-

nificant improvements in outcome in placebo groups [52].

The mechanism of such placebo effects warrants fur-

ther investigation and is currently not fully understood,

but may be related to the observation that the process

of engaging with patients themselves regarding a painful

condition such as OA can have beneficial effects. Other

non-pharmacological interventions including aerobic

exercise have proven benefits in improving pain in OA

by activating descending inhibitory pathways, and there-

fore should always be considered as part of multidiscip-

linary care in OA [53]. Many of these interventions are

proposed as therapeutics, and are reflected in the

National Institute for Health and Clinical Excellence guide-

lines for the treatment of OA [21]. Treatment of underlying

depression and anxiety are also considerations, which are

stated in NICE guidelines for OA management. However,

although psychosocial factors cause significant comor-

bidity in OA [54], there are limited studies that have exam-

ined what happens to OA pain when these are treated.

Such studies would provide useful information for future

OA management.

In this review, we have highlighted the various steps at

which intervention might occur in OA pain management

based on basic science, clinical and imaging data (Fig. 5).

A deeper understanding of the pain pathways involved

should lead to the development of rationalized care path-

ways for the management of pain in OA.

In summary, this review has outlined current concepts

of pain mechanisms in OA, based on molecular pathways,

structural changes and the role of the peripheral and CNS.

This complex pathway (Fig. 5) provides a range of poten-

tial therapeutic targets to improve pain in OA. As our

understanding of the interactions in this system improves,

so will the use of existing and novel therapeutic agents.

Rational care pathways that make a substantial difference

to pain management in OA may, therefore, not be too far

away.

Rheumatology key messages

. BMLs and synovitis are associated with pain in OA.

. Pain management in OA could target BMLs, syno-
vitis and centrally mediated pain processing.
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