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summary
The pain of osteoarthritis (OA) has multifaceted etiologies within and outside the joint. It is believed to be
driven by both nociceptive and neuropathic mechanisms, as well as abnormal excitability in the pain pathways
of the peripheral and central nervous system. Inflammation in the joint triggers a cascade of events that leads
to peripheral sensitization, increased sensitivity of nociceptive primary afferent neurons, and hyperexcitability
of the nociceptive neurons in the central nervous system. Pain receptors have been found in the synovium,
ligaments, capsule, subchondral bone and surrounding tissues, with the exception of articular cartilage. The
bone-related causes of pain in OA include subchondral microfractures, bone stretching with elevation of the
periosteum due to osteophyte growth, bone remodeling and repair, bone marrow lesions, and bone angina
caused by decreased blood flow and increased intra-osseous pressure. Central factors alter pain processing by
setting the gain in such a way that, when a peripheral input is present, it is processed against a background of
central factors that can enhance or diminish the experience of pain. As a complex phenomenon with a strong
subjective component, pain can also be influenced by the nature of the underlying disease, personal predisposition (biological and psychological), and environmental and psychosocial factors.
This review examines the current literature regarding the sources and mechanisms of pain in OA.
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n INTRODUCTION

steoarthritis (OA) has been described
as a condition characterized by wearand-tear related joint pain experienced on
most days in any given month, for which
no other cause is apparent (1). Joint pain
is usually the main aspect of symptomatic
OA that leads patients to seek medical attention.
Despite the exciting progress and growth
in our understanding of the molecular and
cellular mechanisms of OA, pain remains a
challenging clinical entity to treat.
A large body of evidence suggests that OA
is a heterogeneous condition that involves
not only the articular cartilage, but also
an adaptive response of the bone and the
synovium to a variety of environmental,
genetic and biomechanical stresses (2, 3).
It is also increasingly recognized that central pain sensitization and psychosocial
factors are important determinants of pain
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severity in OA patients (3, 4). Recent studies of animal models provide support for
the central sensitization of nociceptive
pathways (5). In addition, the presence of
hyperalgesia, abnormal pain sensitivity and
referred pain have been widely documented (6-11).
This review examines the current literature
regarding the sources and mechanisms of
pain in OA.
n EPIDEMIOLOGY
OF PAIN IN OA
AND CLINICAL IMPLICATIONS
OA is a major cause of musculoskeletal
pain and the major cause of disability and
handicap in Western industrialized countries (12).
It has been estimated that over 26 million
people in the US were suffering from OA
in 2005 (13). The prevalence of OA varies
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OA is also a considerable community
healthcare burden in terms of lost working
days, early retirement and significantly increased welfare costs. The economic burden of OA is a result of both direct and indirect costs. Indirect costs include the loss
of resources and productivity due to the
disease.
Direct costs are related to medical expenditure.
Our previous multi-centric study showed
that the total amount of direct medical
costs (hospitalization, diagnosis and treatments) and indirect non-medical costs
(transport, temporary caregivers and auxiliary devices) was more than € 553,000; the
annual cost per patient was € 2170 (95% CI
€ 1694-2647); and 57% of the overall costs
were indirect costs (20).
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greatly depending on the definition used,
age, gender and geographical area. The
overall prevalence of symptomatic OA in
Italy has been estimated as being 8.95%
(95% CI 6.81-10.7) (14).
The most common site of OA is the knee,
with a prevalence of 5.39% (95% CI 3.417.99), followed by the hand (1.95%, 95%
CI 1.22-2.48) and hip (1.61%, 95% CI
1.39-1.87) (14). OA of the knee has been
identified as one of the main causes for
physical disability in non-institutionalized
elderly subjects (15). A number of studies
have confirmed the severe multidimensional impact of OA on health-related quality
of life (16-19) (Fig. 1). Older adults with
OA of the lower extremities usually report
a poorer physical and mental health status
than those without (17).

Figure 1 - Impact of health status on key areas (or domains) in symptomatic knee osteoarthritis (n=304 patients) using the generic Medical Outcomes Study (MOS) 36-item Short-Form
Health Survey (SF-36) questionnaire: comparison with rheumatoid arthritis (n=78 patients).
From Salaffi, 2003 (16).
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It is believed that OA-related pain is the result of a complex interaction between local
tissue damage, inflammation, and the peripheral and central nervous systems. Various studies have shown that it is driven by
both nociceptive and neuropathic mechanisms (21, 22).
Nociceptive pain arises from the stimulation of peripheral nociceptors. The nociceptive signal is transmitted through the
spinal cord to the brain via the ascending
pathway and a number of neurotransmitters (e.g. glutamate, aspartate, substance P,
etc.) (23) (Fig. 2).
The inputs from the nociceptors are transmitted to the spinal cord through three
types of fibers: myelinated Aδ (group III)
and unmyelinated C fibers (group IV),
which innervate the synovial membrane,

joint capsule, periarticular ligaments, menisci, adjacent periosteum and subchondral
bone; and myelinated Aß fibers (group II),
which innervate the synovial membrane,
joint capsule, periarticular bursae, fat pad,
ligaments, menisci and adjacent bony periosteum (21, 22).
Ab fibers are usually activated by joint
movement, whereas Aδ and C fibers are
activated by noxious mechanical, chemical
or thermal stimuli (21, 22).
Increasing or decreasing pain perceptions
depend on the severity of the pain signal
travelling through the descending pathways from the brain to the spinal cord (21,
22). Pain can also be generated by the activation of central nociceptive pathways (e.g.
dysregulated neurotransmission or damage
to the central nervous system) without involving peripheral nociceptors (21, 22).
Although OA has been classified as a form
of non-inflammatory arthritis, there is increasing evidence that inflammation oc-
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n BIOCHEMICAL PATHWAYS
AND NEUROPEPTIDES
IN OSTEOARTHRITIS

Figure 2 - Neurological pain pathways in osteoarthritis. EAA, essential amino acids; CGRP,
calcitonin gene-related peptide; GABA, γ-aminobutyric acid.
Reumatismo 1/2014

59

review

F. Salaffi, A. Ciapetti, M. Carotti

n JOINT DAMAGE/PAIN
RELATIONSHIP
IN OSTEOARTHRITIS

e

on
ly

Although a key pathological hallmark of
OA is abnormal articular cartilage, cartilage is avascular and aneural, and so
damaged cartilage cannot generate pain
directly (29). However, subchondral bone,
periosteum, periarticular ligaments, periarticular muscles, synovium and joint
capsule are all richly innervated, and can
therefore represent the nociceptive source
of pain (Fig. 2).
Pain is reported by 10% of subjects with
normal radiographs, and 40-79% of patients with the significant radiographic
joint abnormalities typical of OA (30). A
number of studies indicate that only half
of the patients with radiographic OA feel
pain, and that there is a weak correlation
between pain severity and radiographic
changes (31-34).
Even studies showing significant associations between changes in joint structure
and symptoms have found that 51% of the
subjects with knee pain for >1 year do not
show any typical radiographic joint changes, and that up to 50% of patients with the
radiographic changes of OA have no symptoms (35).
This suggests that the ability of radiography to distinguish painful and non-painful
knees in the general population is limited,
possibly because of a lack of sensitivity in
detecting structural changes, differences in
pain susceptibility, other personal determinants of OA symptoms, and obscure structure/pain relationships (36).
The bone changes in OA usually occur in
two phases: a destructive phase (i.e. bone
eburnation and/or deformation and cyst
formation, especially at level of the joint
exposed to pressure) and a productive
phase (i.e. progressive remodeling, such as
osteophytes). Following the disappearance
of articular cartilage, subchondral bone undergoes various cellular and hypervascular
processes, characterized by radiologicallydetectable bone eburnation due to the formation of new bone over existing trabecular bone.
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curs as cytokines and metalloproteinases
are released into the joint (24).
Recent studies have shown the relationship between pain and the inflammatory
response in OA by identifying associations
between psychophysical pain measures and
pro-inflammatory cytokine levels (21, 22).
The fact that OA patients are more sensitive to pressure stimuli at multiple sites
suggests defects in central pain processing.
In particular, pain and inflammation seem
to play interactive roles: the inflammation
contributes to enhancing pain sensitivity,
and this may stimulate inflammatory responses (21, 22).
The inflammation markers released into the
joint are involved in the matrix degradation
that characterizes the cartilage degeneration that is typical of OA (24). The various
cytokines (e.g. tumor necrosis factor) and
mediators (pro-inflammatory interleukins,
chemokines, nerve growth factor, leukotrienes, prostaglandins and matrix metalloproteinases) released in damaged tissue
and the spinal cord induce a cascade of
events that lead to peripheral sensitization,
increased sensitivity of the nociceptive
primary afferent neurons, and hyperexcitability of nociceptive neurons in the central
nervous system (25).
The inflammatory mediators (e.g. bradykinin, substance P) released by chondrocytes as a consequence of cartilage damage induce hyperalgesia, and contribute
to a self-propagating cycle in which more
inflammatory mediators are released (21,
22). Macrophage-mediated inflammation
may lead to angiogenesis by stimulating
endothelial cells and fibroblasts to produce
angiogenic factors (e.g. vascular endothelial growth factor) (26, 27). The hypoxia in
inflamed tissues can stimulate angiogenesis and causing further inflammation (21,
26, 27).
Although OA-related pain is mainly considered to be a combination of nociceptive
pain and local inflammatory processes,
neuropathic mechanisms may also contribute to the pain experience. This is especially true when the local joint damage leads to
the involvement of peripheral nerves and,
consequently, neuropathic pain (28).
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pain, radiographically-assessed structural
features of knee OA, and MRI findings
(40). Nevertheless, no single MRI or radiographic finding performed well in discriminating painful and non-painful knees,
which suggests that other factors can also
substantially contribute to determining
OA-related joint pain.
MRI has shown that significant anatomical
changes such as bone marrow lesions (37,
41), sub-articular bone attrition (characterized by changes in subchondral bone height
and contours) (42), synovitis, and effusion
(43, 44) are related to knee pain (Fig. 5).
Bone marrow lesions play a pivotal role in
generating symptoms, and lead to disease
progression (37), and it has recently been
demonstrated that there is a relationship
between bone marrow lesions and pain severity (41).
MRI allows the visualization of bone marrow edema, which appears as an area of
hyperintense signal on T2-weighted fat-
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Cysts are an important sign of OA and are
defined in various ways: synovial cysts,
sub-chondral cysts, sub-articular pseudocysts, necrotic pseudocysts and vugs (Fig.
3).
The causes of pain in patients with OA include sub-chondral microfractures, bone
stretching with lifting of the periosteum
due to the formation of osteophytes, the remodeling and repair of lesions in the bone
marrow, and bone angina due to reduced
blood flow and increased intra-osseous
pressure (37) (Fig. 4).
Magnetic resonance imaging (MRI) of the
joints has enabled the three-dimensional
measurement of structural features, including the direct assessment of cartilage
damage that may cause pain, but cannot
be visualized by conventional radiography, such as effusions, synovitis and subchondral bone edema (38) (Fig. 5). Javaid
et al. (39) have recently confirmed previous reports of a correlation between knee

Figure 3 - Anteroposterior radiograph of the knee of a patient with osteoarthritis. Note the
varus malalignment (resulting in bow-legs) due to loss of cartilage and joint space in the medial
compartment, subchondral cysts and osteophyte formation.
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ance from bone and increased intra-osseous pressure in the bone marrow near the
painful joint (55-58). However, the cause
of the resulting pain is still unknown, although increased trabecular bone pressure,
ischemia, and inflammation are all possible
stimuli.
The synovial reaction in OA includes synovial hyperplasia, fibrosis, thickening of the
synovial capsule, activated synoviocytes
and, in some cases, lymphocytic infiltration (59). However, the presence of inflammatory cells (e.g. macrophages and lymphocytes) does not seem to be as important in OA as in rheumatoid arthritis (60).
Synovitis is frequently present in OA, and
studies have shown a correlation between
synovitis and pain (42, 44), even in patients
without any radiographic evidence of OA
(61). Moreover, synovitis can predict anatomical changes as a recent MRI study of
patients with knee OA (62) documented a
significant correlation between synovitis
and cartilage damage.
The site of infiltration of the synovium by
inflammatory markers is clearly important
because the intra-articular fat pad is one
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suppressed scans (Fig. 5) (37). A histopathological study of patients with OA (45)
has shown that the pattern of bone marrow
edema correlates with bone infarction or
necrosis, bone fibrosis, bone marrow necrosis, and abnormal trabecular bone. Another study (46) has found that fibrovascular tissue also correlates with bone marrow
edema. A number of studies of knee OA
have shown a close correlation between
bone marrow edema and pain (37, 47-49).
For example, Felson et al. (37) studied 401
patients and found a higher incidence of
bone edema (78% of those with knee pain
against 30% of asymptomatic subjects) and
MRI-detected anatomical joint damage.
However, other studies have not documented any relationship (50-52).
Other bone-related causes of pain include
periostitis associated with osteophyte formation (53), sub-chondral microfractures
(54) and bone angina due to decreasing
blood flow and increasing intra-osseous
pressure (55). The pathophysiology of intra-osseous hypertension remains unclear,
although phlebographic studies of OA patients have found impaired vascular clear-

Figure 4 - Pathophysiological mechanisms and sites of pain in osteoarthritis. The different
anatomical sites involved in the degenerative process contribute to the genesis and maintenance of pain.
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severe alterations in its cellular composition and structure during the course of OA.
This process is characterized by blood vessels penetrating the calcified cartilage from
subchondral bone, and the presence of
perivascular sensory nerve structures may
partially explain the painful component related to neoangiogenesis.
Non-myelinated nerve fibers can amplify
the inflammatory response by releasing vasoactive substances (neuropeptides) such
as substance P and CRGP. Additionally,
hypoxia in the inflamed tissue is a potent
stimulator of angiogenesis, and causes
further inflammation and pain due to the
formation of new vessels and their innervation. Endochondral ossification and the
formation of osteophytes occur at the osteochondral junction in response to angiogenesis, thus exacerbating the inflammation and associated pain.
The bone-related causes of pain in OA include sub-chondral microfractures, bone
stretching with elevation of the periosteum
due to osteophyte growth, bone remodeling
and repair, bone marrow lesions and bone
angina caused by decreased blood flow and
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of the most densely innervated structures
of the joint, and can act as a rich source
of inflammatory activity. The synovial
causes of pain include irritation of sensory
nerve endings within the synovium due to
osteophytes, and synovial inflammation,
which is at least partially due to the release
of prostaglandins, leukotrienes, proteinases, neuropeptides and cytokines (63). It
has been shown that synovial thickening
around the infra-patellar fat pad, which
can be visualized by means of non-contrast
MRI, histologically corresponds to chronic
synovitis (64).
A different source of joint pain in OA may
be the involvement of nerves. Following
joint injury and ligamentous rupture, the
nerves responsible for re-innervating the
healing soft tissue release an over-abundance of algesic chemicals, such as substance P and calcitonin gene-related peptide (CGRP).
One recent hypothesis suggests a correlation between neoangiogenesis and OArelated pain (65). The articular cartilage is
separated from the subchondral bone by a
layer of calcified cartilage that undergoes

Figure 5 - Magnetic resonance imaging of a patient with knee osteoarthritis showing a bone
marrow lesion, meniscal tear, osteophytes, a synovitis-like signal in Hoffa’s fat pad, effusion in
the supra-patellar pouch, cartilage loss and a popliteal cyst.
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high intra-osseous pressure (26, 37). MRIdetected bone marrow lesions (also called
bone edema) seem to reflect bone infarction and are associated with higher levels
of OA pain and a greater likelihood of disease progression (37).

and tricyclic antidepressants) in altering
pain neurotransmitters centrally (69, 70).
n CONSTITUTIONAL
AND BIO-PSYCHOSOCIAL
FACTORS OF
OSTEOARTHRITIS PAIN
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Central sensitization in OA can be defined
as a state in which neurons activated and
sensitized by nociceptive stimuli become
hyper-responsive to further stimuli (66).
It is believed that peripheral sensitization
plays an important role in the development
and maintenance of central sensitization
(4). A persistent, intense or repeated input
from peripheral nociceptors can modulate
the activity of spinal cord pain-transmitting
neurons, decrease the activation of pain
thresholds and increase synaptic excitability (4).
Central sensitization may lead to pain
threshold changes and the generation of
pain hypersensitivity. A number of studies
of OA have shown that an excess nociceptive ascending input and deficient inhibitory input may lead to the development and
maintenance of central pain sensitization
(66, 67). In addition, the sensitization of
bone marrow neurons and peripheral nociceptive stimuli can be determined by
changes in the regulatory tone (lack of
inhibition or stimulation) that is normally
guaranteed by the descending pathways of
supraspinal centers.
Possible changes in the algogenic threshold may therefore be the result of supraspinal center stimulation or a reduction in
inhibitory activity (4).
It has been clearly shown that patients with
OA (and those with other chronic rheumatic diseases) have lower overall pain
thresholds and less descending analgesic
activity than healthy subjects (24, 68).
Furthermore, the role of centralized pain
in OA has recently been confirmed by randomized controlled studies demonstrating
the efficacy of medications such as serotonin or norepinephrine (e.g. duloxetine

The sources of pain in OA and other regional pain syndromes are still unclear. It
is mainly considered to be the result of a
bio-psychosocial network in which each of
many biological, psychological and social
factors plays a significant role (2, 3, 7173). Pain is considered a better predictor of
disability than the degree of radiographic
damage (74).
Pain receptors have been found in the
synovium, ligaments, capsule, subchondral
bone and surrounding tissues with the exception of articular cartilage (Fig. 3 and 4).
The perception of pain is regulated at the
spinal and cortical level (Fig. 2) and is often influenced by psychosocial conditions.
Factors underlying OA such as psychosocial factors, mood and coping can influence
pain severity, and should be considered in
the light of age, gender, anatomical site,
body mass index (BMI), comorbidities,
educational level, and other psychological
factors (75, 76).
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n CENTRAL SENSITIZATION
OF PAIN IN OSTEOARTHRITIS
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Age
Although elderly subjects are vulnerable to
OA pain, previous studies have not shown
any significant difference between subgroups of OA patients stratified by age
(<65 vs >65 years) (18, 77), and other researchers have failed to find an association
between age and physical function or the
presence or severity of pain in OA (78-80).
Gender
Some community studies (80, 81), but not
others (79), have found that women tend to
report knee pain more frequently than men,
and our own findings confirm earlier observations (80, 81) that females usually report
more severe knee pain (77, 82, 83). Some
investigators have suggested that genderrelated differences may be due to the fact
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Comorbidities
Evidence of clinical associations between
the radiographic features of OA and comorbidities have been recently provided
by Addimanda et al. (97), who noted significant associations between hand OA and
hypercholesterolemia (odds ratio: 2.10)
and autoimmune thyroiditis (odds ratio:
4.85). Massengale et al. (98) have also
reported an association between coronary
heart disease and the intensity of chronic
pain in hand OA (98).
The pain and functional limitation of the
knee often reported by elderly subjects does
not seem to be correlated to the pathological process in the knee, but to the involvement of hip or spine, and can therefore be a
confounding element when interpreting the
origin of pain (99, 100).
Data from the National Health Interview
Survey Supplement on Aging (101-103),
the Longitudinal Supplement on Aging
(101-103), the Ontario Health Survey
(104), and the Women’s Health and Aging
Study (105) have demonstrated the role of
comorbidities in the relationship between
OA and disability, and we have reported a
significant relationship between pain and
the number of comorbidities in patients
with symptomatic hip and knee OA (17,
77).
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Localization of osteoarthritis
Allen et al. (87) observed differences in
daily pain ratings depending on the site of
the affected joint: hand OA was associated
with less pain range and severity, whereas
the pain ratings of patients with hip and
knee OA were relatively similar. Hand OA
is usually considered to be less painful
than hip or knee OA, but no differences in
within-day pain ranges have been reported. The smaller pain range in the case of
hand OA may be related to the absence of
the weight-bearing loads sustained by hip
and knee throughout the day. In a study by
Cimmino et al. (88) and one of our previous studies (17), hip OA was rated as being
more painful than knee OA, but patients
with generalized OA report high levels of
overall pain (83, 89, 90).

functional limitations (96). However, no
statistically significant associations were
found between BMI and functional disability assessed using the Western Ontario and
McMaster Universities (WOMAC) Osteoarthritis Index questionnaire (77).

ci

that women are more sensitive to pain (84)
and therefore report pain more frequently
(85). Other studies have also shown gender differences in terms of coping with
pain (86), which may be indirectly related
to factors such as physical activities, marital status or age. Furthermore, it has been
found that there are statistically significant
differences in pain ratings by gender (17).
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Overweight
Overweight is more common in knee OA
patients than in the general population (91).
Although BMI is clearly a strong risk factor
for anatomical damage, it does not closely
correlate with pain (81, 92, 93). Nevertheless, population-based studies have shown
an association between excess weight and
knee OA: in the Amsterdam osteoarthritis
cohort, BMI was independently associated
with knee pain and activity limitations in
patients with knee OA (94), and Paradowski et al. (95) showed that overweight may
predispose for variations in pain and function over two years.
Various mechanisms have been suggested
to explain the associations between BMI,
knee pain and activity limitations in patients with knee OA, including increased
mechanical stress. Overweight increases
the load on the knees during weight-bearing activities, which may lead to pain and

Educational level
It has been reported that a shorter formal
education is a risk factor for knee pain
and physical function in the community,
and we have found that educational level
is related to mobility, arm function, pain
and working ability as measured by Arthritis Impact Measurement Scales (AIMS2)
(83), WOMAC subscores (77), and the SF36 MCS scale score (17).
This suggests that formal education should
be included among the dependent variables
in clinical trials involving patients with
Reumatismo 1/2014
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of other chronic conditions, strategies for
coping have proved to be crucial in managing the pain and disability associated with
knee OA (120).
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knee and hip OA (106). The mechanism by
which education influences pain severity
or psychological processes is unclear, but
it may be related to enhanced self-efficacy
and a sense of control over pain that allow
patients to take advantage of a greater number of pain-reducing modalities. Like others (31, 78, 107, 108), we have found (18)
that radiographic severity as measured by
the K/L grade (17) is not associated with
pain severity. There are frequent discordances between radiographic findings and
reports of joint pain in OA. In a survey of
people aged 40-79 years in Nottingham,
UK, 37.7% of those with knee pain had
no radiographic evidence of OA compared
with 58.7% of those without knee pain
(109). In a further study of women aged
45-64 years, nearly 50% of the patients
with radiographic knee OA did not report
any pain (110).
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Psychological factors
It has long been recognized that pain is a
complex sensory and emotional experience
(111), and therefore requires consideration
of the environmental processes and psychological and social factors that mediate
an individual’s response if it is to be fully
understood (112). A number of studies support the importance of psychological factors in understanding OA pain (113), and
it has been reported that pessimism is associated with poor physical outcomes (114).
Observational studies also suggest that a
negative mood is often related to polyarticular disease and a greater degree of physical disability (115), and qualitative studies
have shown that patients with OA declare
less satisfaction with their lives, and that
depression and anxiety are their main psychological problems (116). The activities
most frequently involved in the degenerative process are leisure activities (e.g.
trips), social activities, personal relationships, work, and heavy housework (117).
Although the majority of OA patients
show a good capacity for symptom selfmanagement (118), some with long-standing OA perceive the disease as a threat to
their identity and sense a lack of power to
change their situation (119). As in the case
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