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Osteoarthritis is the leading musculoskeletal cause of disability in western society. Despite this, it is still 
difficult to gain a precise definition of what osteoarthritis actually is. It is well known that there is a 
modest correlation between x-ray changes and pain. However, for knee joint structure there is largely 
consistent evidence that bone marrow lesions, synovitis/effusions and cartilage defects are associated 
with knee pain and cartilage loss. In addition, muscle strength and obesity predict pain even in the absence 
of structural knee pathology. Finally, the pain system itself is involved with both pain processing and 
genetic factors implicated in recent studies. These improvements in basic science have greatly enhanced 
our understanding that osteoarthritis is an umbrella term for a number of pathways leading to very similar 
pain and structural outcomes; these outcomes are leading to lesion-specific therapies, which indicate the 
importance of trying to pinpoint causes of pain in the individual.
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Learning objectives

Upon completion of this activity, participants should be able to:

•  Assess the association between radiologic findings and pain in osteoarthritis (OA)

•  Analyze the relationship between cartilage defects in the knee and pain among

   patients with OA

•  Distinguish other variables associated with knee pain among patients with OA

•  Evaluate variables associated with pain in other anatomic locations of OA
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Osteoarthritis as a public health 
problem
Osteoarthritis (OA) is the most common form of 
arthritis and its prevalence is increasing markedly 
owing to an aging population. It is character-
ized by a gradual loss of articular cartilage and 
changes to other joint structures, eventually lead-
ing to total joint replacement. OA is the most 
common joint disorder worldwide, and in west-
ern populations, it is one of the most frequent 
causes of pain, loss of function and disability in 
adults [1]. It is pain that drives the patient to seek 
help and it is pain that interferes with quality 
of life; pain is very common and explains up to 
30% of the variance in quality-of-life scores in 
those aged 50–80 years old [2].

The aim of this review is to update recent 
research on how to define OA, review the litera-
ture on factors associated with pain and discuss 
the implications of these findings for therapy. 
This review will focus on the knee but will also 
include other joints and will comprehensively 
discuss factors that have been independently 
associated with pain. Literature was identified 
on Medline using the search terms: pain, OA, 
human and/or clinical/epidemiological. 

Definitions of OA vary using clinical 
features, radiographs or MRI
Currently, the definition of OA utilizes a com-
bination of symptoms and radiographic criteria 
[3]. While this definition is useful for epide-
miologic studies, a number of questions remain 
unanswered. Standard radiographs have been 
criticized as insensitive due to their 2D nature, 
measurement error and semiquantitative assess-
ment [4]. At best, most x-ray-grading scales at 
best provide a broad-brush assessment of the 
joint, mainly with assessment of osteophytes 
and joint space narrowing, which most prob-
ably provides a limited view of the disease pro-
cess. Furthermore, radiographic OA only has a 
weak correlation with symptoms (see sections 

Knee and Radiographs), leading most people to 
assume that there is a disconnection between 
symptoms and structural change. MRI provides 
a high-powered view of the structures within the 
knee. It can directly visualize knee structures, 
including cartilage volume, cartilage defects, 
cartilage biochemistry, meniscal pathology, 
bone marrow lesions (BMLs) and subchondral 
bone size [5]. Recently, Hunter et al. conducted a 
detector with lepton, photon and hadron identi-
fication (DELPHI) experiment for defining knee 
OA on MRI scanning [5]. The diagnostic per-
formance was greatest for osteophytes, cartilage 
loss, BMLs and for meniscus tear in any region. 
This resulted in good specificity but less opti-
mal sensitivity, probably owing to detection of 
disease earlier on MRI. It is clear that many of 
these abnormalities are very common in asymp-
tomatic elderly subjects [6], but the literature is 
maturing in terms of their association (or lack 
thereof) with pain.

�n Knee 
Table 1 summarizes factors that have been asso-
ciated with OA of the knee. Figure 1 shows that 
many of these factors can occur in the same 
subject indicating that they commonly coexist, 
which can make sorting out associations with 
pain difficult in the individual.

Radiographs
There have been many studies of this issue [7]. 
The proportion of those with knee pain found to 
have radiographic OA ranged from 15 to 76%, 
while in those with radiographic knee OA the 
proportion with pain ranged from 15 to 81%, 
indicating much discordance between pain and 
radiographic knee OA. Considerable variation 
occurred with x-ray view, pain definition, OA 
grading and demographic factors [7]. Overall, 
there is a modest but significant correlation 
between degree of radiographic change and knee 
pain, which is most consistent for osteophytes [7]. 
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However, it remains uncertain whether either 
of the key radiographic changes (joint space nar-
rowing or osteophytes) are causally related to 
knee pain. Indeed, a study from the authors 
of this reviews’ group reported a significant 
association between osteophytes and pain, but 
this disappeared after adjustment for a number 
of factors assessed on MRI scanning, muscle 
strength and obesity [8], suggesting that osteo-
phytes may be a reflection of the disease process, 
but not a key player. It is also unclear whether 
x-ray  abnormalities help with choosing therapy.

MRI features
In individuals with unilateral knee pain, MRI 
(cartilage defects and synovitis/effusion) and 
radiographic features were associated with knee 
pain, confirming that structural abnormalities in 
the knee have an important role in the etiology 
of pain. However, in this study, no single MRI or 
radiographic finding performed well in discrimi-
nating between painful and nonpainful knees, 
indicating that MRI and radiography probably 
make smaller independent contributions, which 
this study may not have been large enough to 
disentangle [9]. 

Bone marrow lesions
There is strong and increasing human evidence 
that bone plays an important role in the patho-
genesis of OA [10]; BMLs have been recognized 
as a key feature of knee OA [11,12]. A number of 
studies have linked BMLs with knee pain [8,11–15], 
although other smaller studies have failed to dem-
onstrate such a relationship [16,17]. In pain-free 
populations, incident BMLs [14] and increases in 
BMLs [13] have been shown to be associated with 
the development of knee pain. However, other 
studies in mostly OA subjects have reported 
no association between changes in BMLs and 
Western Ontario and McMaster Universities OA 
(WOMAC) index pain scores after 2 years [16], or 
changes in WOMAC scores [17]. There are now 
two papers that show a significant correlation 
between change in BMLs and change in pain 
both in unselected community living [12] and OA 
populations [18]. The association was most obvi-
ous in those without radiographic change [12]; 
however, a decrease in BML score was associated 
with a decrease in pain in both studies, suggest-
ing a potential target for therapy. Indeed, a report 
of a proof-of-principle trial, carried out only in 
those with BMLs, demonstrated that zoledronic 
acid (a potent bone-acting bisphosphonate) 
could decrease both pain and BML size com-
pared with placebo over 6 months [19]. Another 

trial of chondroitin sulphate in subjects who had 
knee OA (but were not selected based on BMLs) 
showed a decrease in BML size over 12 months 
but no change in pain [20]. These early studies 
are encouraging and suggest that targeting the 
bone may require shorter studies compared with 
radiographic trials as significant changes were 
seen in 6 months compared with 3 years for trials 
with a x-ray outcome. 

Cartilage defects
Cartilage defects are very common, being pres-
ent in high proportions of subjects in many 
studies [10]. They become more frequent with 
increasing age, female sex and BMI [10]. Car-
tilage is aneural; therefore, defects in car-
tilage should not be associated with pain. 
Despite this, there is consistent evidence that 
cartilage defects are linked to pain, and this 
is largely independent of other structural fac-
tors. Women with full-thickness knee cartilage 
defects accompanied by adjacent subchondral 
cortical bone defects are more likely to have 
knee pain in the presence of radiographic OA 
[21]. Furthermore, knee cartilage defects were 
independently and signif icantly associated 
with knee pain in a dose–response fashion in 
a younger cohort [22]. In addition, in a sam-
ple of 500 randomly selected older men and 
women, prevalence and severity of knee pain 
were significantly associated with medial tibial 
cartilage defects [8]. Interestingly, there was a 
dose–response association between knee pain 
and the number of sites having grade 3 or 4 
cartilage defects, with 100% of subjects having 
knee pain if all compartments of the knee had 

Table 1. Factors implicated in knee pain.

Factor Independently 
associated with pain

Ref.

Obesity Yes [8]

Muscle strength Yes [8]

Bone marrow lesions Yes [8,11–15,19]

Tibial bone size No [8]

Subchondral bone mass No [Jones G, Unpublished Data]

Osteophyte Yes† [7,8]

Meniscal tear Yes (if macerated or posterior 
horn) 

[25,28,29]

Meniscal extrusion No [Jones G, Unpublished Data]

Cartilage defects Yes [8,23–26]

Effusion Yes [15]

Synovitis Yes [30]

†Not independent of other factors in [8].
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these defects. Additionally, in 143 subjects with 
primary knee OA, knee cartilage defects were 
weakly but significantly associated with pain 
severity [23]. These defects were independent of 
BMLs, but synovitis/effusion was not assessed 
in most of these studies. Finally, in 50 subjects 
with knee OA, knee cartilage defects were also 
significantly associated with the WOMAC pain 
and function scores [24]. 

Cartilage defects strongly correlate with 
BMLs, suggesting that BMLs and cartilage 
defects are closely related, but both have inde-
pendent associations with pain. The association 
between knee pain and cartilage defects was 
independent of BMI, muscle strength, radio-
graphic OA and BMLs in one study [8]. A more 
recent study suggested that the association was 
also independent of large osteophytes, marked 
synovitis and macerated meniscal tears, sug-
gesting damaged articular cartilage may inde-
pendently lead to knee pain [25]. This may be 
mediated by substance P nociceptive fibers [26] 
or superinduction of COX2 and prostaglan-
dins [27]. This may also reflect the phenomenon 
of neoangiogenesis and vascular invasion of cal-
cified cartilage and the tide mark breaking with 
consequent perivascular nerve fiber invasion of 
the deep zone of hyaline cartilage [10].

Meniscal pathology
The association between meniscal pathology and 
pain remains controversial and may reflect site-
specific associations. Any meniscal damage was 

associated with knee pain but not after adjust-
ment for radiographic OA [28]. In a study from the 
authors’ institution, meniscal tear at the lateral 
posterior and anterior horns, but not at other sites, 
was significantly associated with WOMAC pain, 
stiffness and function scores [29]. In another study, 
macerated tears were associated with pain [25]. 

Inflammation
Traditionally, OA was thought to be a nonin-
flammatory condition. It is now clear that this 
is not the case, although inflammation tends to 
be lower grade and joint based (rather than sys-
temic) when compared with rheumatoid arthritis. 
It also seems difficult to diagnose OA if there is 
only synovitis present, thus one would prefer to 
see a BML, cartilage damage or meniscal damage 
in addition to synovitis or consider other causes. 
The evidence is not totally consistent but strongly 
links local inflammation (measured as synovitis 
and/or effusions) with pain [15]. Furthermore, 
changes in synovitis (but not effusion severity) 
are associated with fluctuations in knee pain in 
patients with knee OA in two studies, suggesting 
that synovitis may be the key factor and effusion 
occurs as a consequence of synovitis [30]. Intrigu-
ingly, C-reactive protein levels in serum are also 
predictive of knee pain development over 5 years, 
and this association was independent of all mea-
sured knee structural abnormalities in that study 
[31]. The author’s group did not measure synovitis; 
however, the association changed little after adjust-
ment for effusion, suggesting that both local and 
systemic inflammation are risk factors for knee 
pain. In terms of therapy, this opens up a number 
of options. Corticosteroid injections are effective 
for pain in knee OA but seem to be most effective 
for effusion [32]; thus, it would seem logical to pref-
erentially give them to those with effusions. There 
are some early case series data suggesting that TNF 
blockade will also work in those with effusions 
[33], but this needs confirmation in a randomized 
trial. NSAIDs help pain in OA; however, there are 
limited data on who they may work best in [34].

Other knee structures
There is generally consistent evidence that knee 
bone size, subchondral bone density, meniscal 
extrusion and cartilage volume are not associated 
with pain [8, Jones G et al., Unpublished Data].

Obesity
Obesity is a very strong independent correlate of 
knee pain that is consistently associated with OA 
in many studies [8,23,35]. BMI is most strongly 
associated with diffuse knee pain [36] and, again, 
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Figure 1. MRI of the knee showing a large femoral bone marrow lesion, 
patella cartilage defects, Hoffa’s synovitis, a posterior horn meniscal tear, 
effusion and large osteophytes (all of which have been independently 
associated with pain).
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this association is independent of structural 
change in the knee. In the NHANES study, the 
age- and BMI-adjusted prevalence of knee pain 
increased by approximately 65% from 1974 to 
1994 among non-Hispanic white and Mexican–
American men and women and among African–
American women [37], while in the FOA study, 
the age- and BMI-adjusted prevalence of knee 
pain and symptomatic knee OA approximately 
doubled in women and tripled in men over 
20 years [37]. BMI appeared to be responsible 
for 10–25% of this increase based on modeling. 

There is level one evidence that weight loss 
improves knee symptoms [34,38], although, inter-
estingly, weight gain is more strongly associated 
with worsening pain than weight loss being asso-
ciated with improvements in pain, implying lim-
ited reversibility [39]. Nevertheless, in the over-
weight patient with limited structural pathology 
weight loss should be the main objective. 

Weak muscles
Similar to obesity, weak muscles, especially 
quadriceps strength, are independently associ-
ated with pain both in cross-sectional [8] and 
longitudinal [40] studies. In subjects from the OA 
Initiative, knees with frequent pain demonstrate 
lower maximal cross-sectional areas and force of 
the quadriceps (but not of other thigh muscles) 
compared with contralateral knees without knee 
pain with the same radiographic stage [41]. There 
is level one evidence that both strengthening 
and aerobic exercises help pain in knee and hip 
OA [34]. Whether these therapies work better in 
those with weaker muscles is unknown.

Central factors & genetics
It is clear that pain in OA is also mediated by 
a number of central factors but it is not clear 
if these factors are specific to OA. Depression 
is consistently linked with pain experience in 
rheumatic diseases [42]. In the OA Initiative, 
depression had a small but significant effect 
on knee pain prospectively [43]. Catastrophiza-
tion (the tendency to view or present a situa-
tion as considerably worse than it actually is) 
is associated with pain severity in most rheu-
matic diseases including OA [42]. Indeed, the 
tendency to catastrophize (rather than disease 
severity) appears to explain the well-known sex 
differences in OA pain [44]. Acceptance and 
self efficacy also appear to correlate with pain 
[45]. Finally, a positive attitude also appears to 
 influence the participation in daily walking [46].

Knee pain has a strong heritable component 
[47]. Recently, there have been studies implicating 

specific genes. These include TRPV1, COMT 
and PCSK6. TRPV1 primarily has a role in affer-
ent sensory neuron function and has been well 
demonstrated in both discovery and replica-
tion cohorts as having an association with pain 
(but not with radiographic OA) [48]. COMT is 
involved in central pain processing and has been 
linked in a single association study with hip OA 
in women. However, the data from this cohort 
on knee and hand were not published and it has 
not been replicated elsewhere, suggesting that 
this may be a false-positive result [49]. It has led 
to calls for OA of the knee to be considered a 
central pain problem, but this seems premature 
based on the evidence. Central changes occur 
on functional MRI scans in those with chronic 
pain [50]; however, this is not specific to those 
with OA, being seen in many other patients 
with chronic pain. The last study on PACE4 
again used a discovery and replication cohort 
and suggests that a variant in PCSK6 is strongly 
associated with protection against pain in knee 
OA [51]. 

There are limited data regarding therapy, but 
there are two trials suggesting that duloxetine (a 
combination antidepressant) has a modest, but 
significant, effect on pain in OA of the knee [52]. 
It is not clear whether this reflects treatment of 
depression, fibromyalgia or other mechanisms 
of pain. 

Weather
The association between weather and symptoms 
was thought to be a medical myth, but there are 
a number of studies in this area. Perhaps the 
best designed study was from McAlindon and 
colleagues [53]. The study included 200 partici-
pants with knee OA participating in a clinical 
trial with matched (but independently collected) 
meteorological data. There were consistent asso-
ciations between pressure change and ambient 
temperature with pain severity and sugges-
tive data for dew point (which reflects relative 
humidity at a given temperature).

�n Hand
There is limited literature for the hand and 
most studies are cross-sectional in design. Grip 
strength is associated with pain in a population-
based family sample [54]. There are also data 
in this sample showing a modest correlation 
between radiographic change and pain with 
a correlation of 0.26, which appears greater 
compared with the knee studies. There is also a 
specific association between isolated thumb OA 
and thumb pain [55]. In a systematic review, key 
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factors associated with hand pain severity were 
age, impact, frustration, patient expectation 
of a long disease time course and self-reported 
diagnosis of the cause of the hand problem [56]. 
Recently, there has been literature indicating 
that a number of MRI features are associated 
with joint tenderness in a clinic population. 
These include MRI-defined moderate/severe 
synovitis, BMLs, erosions and attrition but not 
osteophytes (odds ratio [OR]: 1.4; p = 0.10) 
[57]. Interestingly, no significant associations 
were found with questionnaire assessments of 
pain or function, possibly owing to all patients 
being symptomatic. While it is desirable to con-
firm these findings in a less selected population, 
they do suggest a commonality to pathological 
processes and associations with the knee. Some 
recent trial data with adalimumab in erosive 
hand OA [58]. This demonstrated no overall 
effect, but a post hoc analysis suggested that this 
agent was effective for both symptoms and dis-
ease progression in those with soft-tissue swell-
ing. This suggests adalimumab works where 
there is significant local inflammation. Such a 
hypothesis needs to be tested in a prospective 
design, but would be consistent with the rheu-
matoid arthritis literature where adalimumab 
works primarily on synovitis. Such a trial is 
underway in Australia [Jones G, Pers. Comm.], while 
a trial of hydoxychloroquine is underway in the 
UK [Conaghan P, Pers. Comm.]. 

�n Hip
When compared with the knee, data for the hip 
are much more limited. This contrasts with the 
osteophyte associations reported for the knee as a 
minimum joint space width of ≤2.0 mm was the 
radiographic criterion having the closest associa-
tion with self-reported hip pain. Interestingly, 
composite OA scores emphasizing the formation 
of cysts, osteophytes and subchondral sclerosis 
added little to joint space width [59]. Birrell et al. 
also reported a strong association of pain with 
severe hip OA (OR: 17.4; 95% CI: 3.0–102), 
but a weaker and nonsignificant association with 
mild/moderate OA (OR: 1.4; 95% CI: 0.4–4.7) 
[60]. In a younger sample, independent predic-
tors of hip pain onset were cumulative exposure 
to sitting for prolonged periods, lifting weights 
>50 lb (23 kg) and walking as a leisure activity 
[61]. The population-attributable risk associated 
with each of these activities was 21, 13 and 16%, 
respectively, suggesting that certain activity pat-
terns can explain up to 50% of the pain. Cam 
deformity of the hip is considered to be a pre-
osteoarthritic malformation causing premature 

hip joint degeneration. However, in a large study, 
there was no association between cam deformity 
and hip pain, casting doubt on the clinical sig-
nificance of this abnormality [62]. Finally, the 
authors found an association between hip joint 
space narrowing and knee pain that was inde-
pendent of all other factors measured in and 
around the knee, indicating that referred pain 
from the hip is also a common source of knee 
pain [8]. 

�n Foot
Again, this is an area where there are limited 
data [63–65]. The evidence indicates: a strong 
association between increased BMI and nonspe-
cific foot pain; and a strong association between 
increased BMI and chronic plantar heel pain. 
In particular, fat mass (but not lean mass) is a 
strong correlate of diffuse foot pain while the 
severity of hallux valgus is associated with foot 
pain and quality of life in a nonathletic popula-
tion. The evidence is inconclusive regarding the 
relationship between BMI and specific disorders 
of the foot (hallux valgus, tendonitis, OA and 
flat foot).

�n Back
Back pain is multifactorial in nature and it is 
beyond the scope of this review to cover this area 
in depth. It is also difficult to determine what 
represents OA of the spine. The same general 
comments appear to relate to the association 
between radiographic change and pain with 
weak or no association reported in most studies 
[66]. It is relevant to mention Modic change as 
the appearance of this appears similar to BMLs 
at other sites. There is consistent evidence linking 
these changes with pain; however, the strength 
of the association varies with ORs ranging from 
2.0 to 19.9 [67]. Interestingly, there is a study in 
the bone literature demonstrating that zoledro-
nate improved back pain in a clinical trial, and 
this was independent of changes in bone mass or 
fracture risk. The mechanism is uncertain but it 
is reasonable to  hypothesize that it may be helping 
Modic change [68].

Conclusion & future perspective
Notwithstanding the above definitions it would 
seem more logical to regard knee (and perhaps 
other forms of) OA as an umbrella term for a 
number of different pathological processes that 
result in cartilage loss. Symptomatic OA would 
be where the individual has a structural abnor-
mality and pain. It would seem most appropriate 
to remove x-ray from these diagnostic criteria 
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Executive summary

 � There is a weak correlation between radiographic changes and pain in osteoarthritis.

 � MRI allows a more in-depth view of the joint and has identified structural factors that are important for pain, cartilage loss 
and/or both.

 � Factors outside the joint are also important for pain.

 � Management should be tailored to the cause of pain in an individual.

CME

given that joint space narrowing merely reflects 
the final common pathways of not only cartilage 
loss but also cartilage defects, meniscal tears and 
extrusion, while osteophytes are of uncertain 
relevance to the pathophysiology (either pain 
or cartilage loss). This would allow the devel-
opment of pathophysiology-specific therapies, 

such as bone agents for BMLs, weight loss for 
the obese or exercise for the weak, rather than 
assuming that the same treatment works more 
or less the same for all patients with OA. Data 
are at too early a stage to comment with any cer-
tainty; however, the hand and hip data  suggest 
p athology may well be similar at other sites.
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Activity evaluation: where 1 is strongly disagree and 5 is strongly agree.

1 2 3 4 5

The activity supported the learning objectives.

The material was organized clearly for learning to occur.

The content learned from this activity will impact my practice.

The activity was presented objectively and free of commercial bias.

1. You are seeing a 70-year-old woman with previous diagnoses of osteoarthritis (OA) 
of the knees, hips, and hands. She has been experiencing more pain in general over 
the past 3 months and she wants to review her previous x-ray and MRI results with 
you. What can you tell her about the association between radiology studies and 
knee pain in OA?

£ A Only osteophytes on knee radiographs are causally related to pain

£ B Only joint space narrowing on knee radiographs are causally related to pain

£ C X-ray abnormalities are not helpful in selecting treatment for OA

£ D Synovitis on MRI reliably discriminates between painful and non-painful knees in cases of 
OA

2. The patient’s MRI of the knee demonstrates cartilage defects. Which of the 
following statements regarding these changes is most accurate?

£ A Cartilage defects are more common among men 

£ B Even full-thickness cartilage defects with subchondral cortical bone defects do not 
predict a higher risk of knee pain

£ C Cartilage defects correlate well with bone marrow lesions (BMLs)

£ D Any association between cartilage defects and knee pain is mediated by BMLs
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3 Which of the following statements regarding other variables which might influence 
pain in this patient’s knee is most accurate?

£ A Body mass index (BMI) is most strongly associated with diffuse knee pain

£ B Any weight loss is associated a greater relative improvement in pain compared with 
increases in pain associated with weight gain

£ C The vastusmedialis oblique is the muscle group most identified with knee pain

£ D Cold weather accurately predicts a higher risk of knee pain

4 What can you tell this patient about OA pain in other parts of her body?

£ A Grip strength does not predict hand pain

£ B Radiographic changes do not predict hand pain

£ C Joint-space narrowing of the hip is associated with the degree of pain

£ D The biggest predictor of OA pain in the foot is female sex


