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ABSTRACT
Osteoarthritis (OA) is the most common 
form of arthritis, with knee OA itself be-
ing among the most common conditions 
and a leading cause of disability among 
older adults worldwide. Pain is a key 
symptom in the decision to seek medi-
cal attention, yet available therapies 
for managing OA are limited with only 
minimal or moderate efficacy. Current 
approaches to pain management in OA 
have been rather non-specific, limited 
to acetaminophen or NSAIDs primarily, 
without targeting underlying structural 
lesions that may be contributing to pain 
in OA. With the advent of MRI, a num-
ber of studies have noted the importance 
of bone marrow lesions and synovitis/
effusion to the pain experience in OA. 
These pathologic features are therefore 
attractive treatment targets, with some 
proof-of-concept studies demonstrating 
the potential efficacy of targeting these 
lesions. Another increasingly recog-
nised important contribution to pain in 
OA is sensitisation, which is associated 
with pain severity. Synovitis/effusion 
have been identified as potentially lead-
ing to development and worsening of 
sensitisation. Much work remains to be 
done in understanding the mechanisms 
by which structural pathology causes 
pain; such insights are urgently needed 
to develop new treatment approaches to 
help millions of people worldwide who 
are burdened by pain from OA.

Introduction
Musculoskeletal pain is common, with 
joint pain being the most commonly 
reported type of pain among US adults 
(Fig. 1). Osteoarthritis (OA) is the 
most common joint disorder, with knee 
OA being among the most common 
musculoskeletal conditions worldwide 
(Fig. 2), estimated to affect 250 million 
(1). Overall, approximately 10–12% of 
the adult population have symptomatic 
OA of any joint (2, 3). From 1995 to 
2005, the number affected with clinical 
OA grew from 21 million to nearly 27 

million in the US, and is expected to 
continue to rise with the aging of the 
population and prevalence of obesity 
(4, 5). Knee OA is particularly burden-
some as a leading cause of disability 
among older adults, accounting for a 
greater risk of mobility disability than 
any other medical condition in people 
aged 65 and over (6, 7). Pain from knee 
OA is a key symptom in the decision to 
seek medical care and an important an-
tecedent to disability. With no therapies 
available proven to alter structural pro-
gression, treatment is aimed primarily 
at ameliorating symptoms, yet sympto-
matic management is poor, with only 
minimally or moderately efficacious 
pharmacologic pain treatments availa-
ble, often with limiting side effects and 
contraindications. Further compound-
ing this is the limited understanding of 
the aetiology of pain in OA.
One barrier to understanding the gene-
sis of pain in OA is the so-called “struc-
ture-symptom discordance”, which 
reflects the observation that some indi-
viduals have radiographic changes with 
minimal symptoms, while others have 
more significant pain with only mini-
mal (if any) structural pathology noted 
on radiograph. OA is typically defined 
in epidemiologic studies on the basis 
of radiographic assessments, with pro-
totypical findings of osteophytes with 
joint-space narrowing characterised as 
radiographic OA, while its combina-
tion with symptoms (i.e., pain, aching, 
stiffness) in the same joint attributable 
to OA is considered to be symptomatic 
OA. Such nomenclature highlights the 
recognised discordance between struc-
ture and symptoms noted in OA. This 
has contributed to the ambiguity of the 
importance of structural contributions 
of OA pathology to the pain experience.
While there have been reports of weak 
correlations between radiographic se-
verity of OA and pain, the discordance 
diminishes with more severe stages of 
disease. Nonetheless, in a systematic 
review, 15–76% of those with knee pain 
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had radiographic OA, and 15–81% of 
those with radiographic OA had knee 
pain (8). A number of factors influence 
the widely varying estimates, includ-
ing imaging of only the tibiofemoral 
joint rather than also including the pa-
tellofemoral joint, which can certainly 
contribute to symptoms; acquisition 
of radiographs of both components of 
the knee joint improves the degree of 
concordance. Differences in the way in 
which pain symptoms are ascertained 
and the nature of the study sample 
(e.g., age, sex distribution) also affect 
the prevalence of these findings and 
the degree of concordance. It has also 
been increasingly recognised that ra-
diographs are relatively insensitive to 
numerous pathologic changes occur-
ring in OA that are better visualised on 
MRI, with the recognition that OA is 
a disease of the whole joint. As proof-
of-concept that something within the 
knee must be contributing to symp-
toms, one can look to the example of 
joint replacement, which is highly ef-
fective in improving symptoms for the 
majority of individuals, suggesting that 
the removed structure must have been 
contributing to pain. Another example 
is that of a clinical trial of intra-articu-
lar lidocaine injection which decreased 
knee pain compared with placebo injec-
tion (9).
An often overlooked issue in interpret-
ing studies of pain in OA is the fact 
that pain is a subjective experience, 
influenced by many factors that differ 
between individuals, including psycho-
logical factors (e.g., catastrophising, 
coping skills), genetics, sociocultural 
environment, etc. Without adequately 
controlling for such factors, the struc-
ture-symptom relationship remains 
confounded, preventing one from ob-
taining valid insights into its true na-
ture. A challenge, of course, is that not 
all factors are necessarily measured or 
even understood to enable comprehen-
sive control of these extraneous factors 
to ‘unmask’ the true contribution of 
structural pathology to the experience 
of pain in OA. Through use of a within-
person knee-matched design in which 
all of those between-person differences 
are inherently controlled for, a strong 
relationship between radiographic stage 

and pain severity can be demonstrated 
(Fig. 3) (10).
While these examples support joint 
pathology as contributing to pain, ra-
diographic studies and response to 
intra-articular therapy or joint replace-
ment do not provide insights into what 
particular articular structures may be 
contributing to pain. The subchondral 
bone, periosteum, ligaments, periar-
ticular muscle, outer third of the me-
niscus, synovium, and joint capsule are 
richly innervated and the likely sources 
of nociception in OA, particularly early 
in the course of disease. In an arthros-

copy study, an awake, unanesthetised 
evaluation of the knee joint identified 
the synovium, joint capsule, infrapatel-
lar fat pad, and outer layers of the me-
niscus as being painful, while cartilage, 
which is aneural in healthy joints, was 
not painful (bone was not probed as it 
is known to be painful) (11). However, 
as OA progresses, neurovascular in-
vasion may disrupt the osteochondral 
junction (12), accompanied by growth 
of sensory nerves and increased ex-
pression of nerve growth factor (NGF), 
which can facilitate sensitisation, an-
other pertinent mechanism for pain in 

Fig. 1. 

Source: NHIS 2007
http://www.cdc.gov/nchs/data/series/sr_10/SR_10_240.pdf
Summary Health Statistics for U.S. Adults: National Health Interview Survey, 2007. Vital and Health Statistics, Series 
10, Number 240, May 2009. DHHS publication no. (PHS) 2009-1568.

Source: Global Burden of Disease 2010
March L, Smith EUR, Hoy DG, Cross MJ, Sanchez-Riera L, Blyth F, Buchbinder R, Vos T, Woolf AD: Burden of dis-
ability due to musculoskeletal (MSK) disorders. Best Practice & Research Clinical Rheumatology. 2014; 28: 353-366.

Fig. 2. 
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OA, as discussed by Arendt-Nielsen in 
this issue (13). 
Further insights into structural patho-
logic contributions to OA pain can be 
gleaned from MRI studies. A number of 
MRI studies have highlighted the im-
portance of subchondral bone, particu-
larly bone marrow lesions (BMLs) and 
synovitis/effusion as contributors to 
pain in OA (14-16). Of note, BMLs and 
synovitis/effusion have been associated 
not only with pain presence or severity, 
but also with pain fluctuation (17). Two 
recent clinical trials, one using IV zole-
dronic acid and the other using a patel-
lofemoral knee brace, demonstrated re-
duction in pain along with reduction in 
BML volume, with the patellofemoral 
knee brace trial showing an effect on 
patellofemoral BMLs without affecting 
tibiofemoral BMLs (18, 19), supporting 
the targeting of this particular pathol-
ogy to achieve symptom benefit. Syno-
vitis is another attractive treatment tar-
get, with intra-articular corticosteroid 
injection commonly used, providing 
relatively short-term symptom relief for 
the most part (20). However, a recent 
trial did not demonstrate a longer term 
(2-year period) benefit despite enroling 
subjects with evidence of synovitis/ef-
fusion by ultrasound; it is possible that 

an adequate dose was not used and that 
transient shorter-term benefits were 
missed (21). While menisci are inner-
vated and are potential contributors to 
pain in OA, meniscal lesions are com-
mon in OA and their contributions to 
symptoms is controversial. In a large 
epidemiologic study, meniscal tears 
were equally as prevalent among those 
with knee pain as those without (22). 
It should also be noted that interpreta-
tion of MRI abnormalities in knees of 
older adults can be challenging as 89% 
without any radiographic evidence of 
knee OA have at least one MRI feature 
of OA, with similar prevalence in both 
painful and pain-free knees (23). 
Thus, while there is strong, supportive 
evidence for an important role of struc-
tural pathology to the contribution of 
knee pain in OA, there are also other 
factors that importantly influence symp-
toms. More recently, the importance of 
neurobiological mechanisms has been 
recognised, particularly of sensitisa-
tion, as discussed in greater detail by 
Arendt-Nielsen in this issue (13). Of 
relevance to understanding the struc-
tural pathologic contributions to pain, 
insights into the relation of OA pathol-
ogy to sensitisation has been reported. 
While pain sensitisation is strongly as-

sociated with pain severity in knee OA, 
sensitisation itself is not associated with 
radiographic OA severity (24, 25). On 
the other hand, synovitis and effusion, 
but not BMLs, were associated with 
worsening or development of sensitisa-
tion (26). 

Conclusions
In summary, the contribution of struc-
tural joint pathology to the pain expe-
rience in OA remains incompletely un-
derstood, but the advent of MRI and ap-
propriate approaches to study designs 
have begun to shed light onto specific 
pathologic features that likely play an 
important role in the etiology of pain in 
OA. Gaining further insights into these 
relationships will provide much-needed 
guidance for pertinent treatment targets 
in knee OA. At the same time, clinicians 
and investigators must bear in mind that 
factors beyond structural pathology also 
contribute to the pain experience that 
should ideally be addressed, including 
psychological factors. Other factors 
that may offer new avenues for treat-
ment targets, such as pain sensitisation 
and the overall efficiency of CNS pain 
modulating mechanisms, merit further 
evaluation, particularly to understand 
whether structural pathology contrib-
utes to sensitisation. A better under-
standing of the mechanisms by which 
structural pathology contributes to pain 
in OA is urgently needed to enable pur-
suit of novel treatment targets to help 
the millions of people worldwide who 
are burdened by pain from OA.
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