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This perspective article proposes a conceptual model for the pain experience for
individuals diagnosed with knee osteoarthritis (OA). Pain in knee OA is likely a
heterogeneous, multifactorial phenomenon that involves not only the OA disease
process but also elements specific to patient psychology and pain neurophysiology.
The relevant contributions to the pain experience for any individual patient remain
difficult, if not impossible, to definitively determine, and the rationale for many
clinical treatment decisions arises primarily from a mechanistic understanding of OA
pathophysiology. The Osteoarthritis Research Society International (OARSI) recently
identified “phenotyping” of OA pain as a research priority to “better target pain
therapies to individual patients.” This perspective article proposes that contribu-
tions from 3 domains—knee pathology, psychological distress, and pain neurophys-
iology—should be considered equally important in future efforts to understand pain
phenotypes in knee OA. Ultimately, characterization of pain phenotypes may aid
in the understanding of the pain experience and the development of interventions
specific to pain for individual patients.
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The diagnosis “knee osteoarthri-
tis (OA)” has evolved over the
years into a description of

complex and varied mechanical, bio-
chemical, and structural processes
occurring primarily at the knee joint.
However, the hallmark of knee OA
that typically drives clinical decision
making is the patient’s complaint of
pain. The link between knee pain
and signs of knee pathology that
are characteristic of OA has been
described as tenuous, and the ten-
dency to attribute certain kinds of
knee pain to OA has led to a hetero-
geneous clinical population for
whom interventions often are inef-
fective at diminishing pain.1–3 A sim-
ilar heterogeneity exists across many
chronic musculoskeletal pain condi-
tions. Research efforts in other pop-
ulations—including low back pain,
fibromyalgia, and temporomandib-
ular disorder—have attempted to
reduce heterogeneity by defining
subgroups of people who have a sim-
ilar pain phenotype, with the idea
that interventions might then be
directed more specifically at an indi-
vidual’s pain experience. Similar
pain phenotyping efforts may be
important for advancing treatment
strategies in knee OA, although our
understanding of knee OA sub-
groups is now in its infancy. In this
perspective article, we propose a
model for pain in knee OA involving
a confluence of peripheral (knee
pathology) factors, psychological
factors, and neurophysiological (cen-
tral pain processing) factors. Based
on this model, future research may
be able to define the relevant vari-
ables or combinations of variables
that give rise to the clinical pain
experience for individuals with knee
OA.

Knee OA:
What’s in a Name?
Osteoarthritis is one of the most
common diagnoses in primary care;
arthropathies, in general, rank third,
behind essential hypertension and

acute respiratory infection, in rea-
sons for adult ambulatory care visits
in the United States.4 The label “knee
OA” is applied to approximately 12%
of older adults or 4.3 million Ameri-
cans.5 It has been linked to dimin-
ished physical function, poor quality
of life, and reduced life expec-
tancy.6,7 However, knee OA is also a
diagnosis known to encompass
patients across a wide range of ages,
with different levels of physical func-
tion and diverse priorities in terms of
recreational activities.8 Clinical crite-
ria for the diagnosis of OA are sub-
ject to interpretation and often used
inconsistently in practice.9 Further-
more, although knee OA is consid-
ered a degenerative condition, pro-
gression is highly variable; many
people do not exhibit signs of wors-
ening symptoms or advancing joint
degeneration, even over the course
of several years.10,11 In short, the
label “knee OA” does not appear to
provide much information regarding
the prognosis of individual patients,
and the clinical utility of knee OA as
a diagnosis has been called into
question.12

Historically, the term “osteoarthritis”
was intended to describe a common
clinical observation: the troublingly
painful and deformed joint, emblem-
atic of disability for many older
adults. Efforts to understand the
pathophysiology of this condition
led to the radiographic characteriza-
tion of articular cartilage degradation
and subchondral bone sclerosis,13

which subsequently came to define
OA in the minds of many clinicians.
Even today, radiographic signs of
OA—including joint space narrow-
ing and osteophyte formation—are
heavily relied upon in clinical prac-
tice and widely regarded by physi-
cians to be the gold standard for
diagnosis.14 However, the causal
relationship between radiographic
OA and its primary clinical signature
(ie, pain) remains poorly under-
stood. In large-scale studies of older

adults with knee pain, only about
half of the people display evidence
of radiographic OA.15,16 Conversely,
of all people with radiographic knee
OA, only about half report pain.16

This discrepancy has prompted the
speculation that radiographic signs
of knee OA, at least as classically
defined, might not represent disease
but might occur as a relatively innoc-
uous part of the aging process,17,18

perhaps explaining why some peo-
ple with severe knee degeneration
do not report concurrent knee pain.
Alternatively, other authors have
suggested that radiographic diagnos-
tic methods lack sensitivity to detect
the “active” pathology relevant to
pain,19–22 thus explaining why some
people with minimal degeneration
report high levels of pain. Recent
evidence suggests that a relationship
exists between severity of knee OA
and pain; people with more severe
radiographic evidence OA are
indeed more likely to report
pain,16,23 and people with discrepant
knees (ie, experiencing more fre-
quent knee pain in one knee com-
pared with the other) appear partic-
ularly likely to report more pain in a
knee if it displays more signs of
radiographic degeneration.15 How-
ever, in population studies where
multiple radiographic views have
been used to maximize the sensitiv-
ity to pain, the specificity of the diag-
nosis appears to markedly diminish
(ie, many people who are asymptom-
atic are identified as having knee
OA).24,25 Thus, the isolated use of
knee radiography appears to provide
limited information regarding the
experience of knee pain.

Perhaps because of the limitations
inherent to the diagnostic capabili-
ties of radiography, various factors
that could additionally contribute to
the pathophysiology of OA have
been extensively studied, and a def-
inition of OA that assimilates this
knowledge has been proposed.26
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This definition encompasses struc-
tures such as articular cartilage,
subchondral bone, ligaments, joint
capsule, synovial membrane, and
periarticular muscles, and it involves
a complex of hereditary, biochemi-
cal, and mechanical processes.
Unfortunately, this expanded defi-
nition may now be so broad as to
be largely unhelpful in clarifying
OA disease pathogenesis.27 Fur-
thermore, it fails to balance efforts
to better understand OA patho-
physiology with efforts to meet
the clinical obligation to improve
patients’ pain, function, and social
participation. Thus, a 2000 consen-
sus meeting for the National Insti-
tutes of Health (NIH) concluded that
“it is important to separate concep-
tually the disease process of OA and
the syndrome of musculoskeletal pain
and disability.”12(p642)

For clinicians, armed with inter-
ventions primarily directed at joint
pathophysiology, there is a frustrat-
ing dissonance to an approach that
separates the disease process from
pain. As Nortin Hadler wrote in his
1992 editorial “Knee Pain Is the Mal-
ady, Not Osteoarthritis,” “What phy-
sician can see an osteophyte on a
radiograph without inferring that it

reflects the process that is causing
the knee to hurt?”28(p598) Indeed,
what patient, having been diagnosed
with knee OA, can truly be expected
to treat the disease process as con-
ceptually separate from the experi-
ence of pain and disability? Clearly,
the 2 are intertwined. However, the
definition of the relevant compo-
nents of painful knee OA and the
interpretation of those components
in a heterogeneous population must
be the focus of continued research.
Pain in knee OA might be considered
a “black box.” Many factors have
been identified that have relevance
to explaining variability in the pain
experience (see examples in Fig. 1).
Each of these factors may or may
not be relevant for any individual
patient, and multiple factors may
interact to influence pain. Although
two patients might possess the
same medical diagnosis of knee OA,
the contributions to the presence
and severity of pain at the individ-
ual level remain largely unknown
(Fig. 1). Thus, Hadler’s 1992 conclu-
sion may still hold true today: “The
epidemiology of osteoarthritis and
the epidemiology of knee pain have
little in common, not nothing in
common, but surprisingly little in
common.”28(p598) Research over the

last 2 decades has provided vast
amounts of information illuminating
the complexity of pain in knee OA.
The task at hand to attempt to har-
ness this complexity to resolve the
dissonance inherent to the clinical
experience of knee pain for patients
diagnosed with knee OA.

Phenotyping Pain in
Knee OA
In a 2011 statement to the Food
and Drug Administration, the Osteo-
arthritis Research Society Interna-
tional (OARSI) identified “pheno-
typing” of OA pain as a research
priority with the goal of “better tar-
geting pain therapies to individual
patients.”29(p480) This approach
aligns with the Institute of Medi-
cine’s recent report Relieving Pain
in America: A Blueprint for Trans-
forming Prevention, Care, Educa-
tion, and Research, which promotes
the idea of “tailoring pain care to
each person’s experience.”30(p2)

Both of these directives carry an
implicit acknowledgment that pre-
vious strategies—based largely
on an anatomical, pathophysiologi-
cal understanding of pain mecha-
nisms—have tended to adopt a one-
size-fits-all approach, whereas the
clinical pain experience tends to be
complex and individualized. How-
ever, the process of understanding
heterogeneity in the context of knee
OA–related pain is only just begin-
ning. Although evidence from large-
scale databases suggests that dis-
tinct phenotypes exist in knee
OA,31 these phenotypes have been
described based on a variety of clin-
ical and research measures that are
not necessarily specific to pain. The
symptoms of knee OA undoubtedly
extend beyond pain and can include
stiffness, knee instability, and func-
tional deficits, yet pain remains a key
feature of the clinical knee OA expe-
rience, both as a criterion for diag-
nosis and as a major driver of health
care decisions.14 Of the multiple vari-
ables under the knee OA diagnostic

Figure 1.
The pain experience in knee osteoarthritis (OA) is a “black box.” Pain appears to be
influenced by certain factors—we have provided some examples in this diagram—but
the precise contributions to an individual patient’s pain experience remain unknown.
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umbrella, prioritizing relevance to
the pain experience should be an
important step in the phenotyping
process.

In general, it has been suggested that
researching phenotypes for com-
plex musculoskeletal pain conditions
should be an intentional process,
involving a series of development
and validation studies, according to
the following phases: (1) selection
of appropriate assessment tools,
(2) determination and characteriza-
tion of phenotypes in cross-sectional
and longitudinal studies, and (3) val-
idation of proposed phenotypes in
both research and clinical settings.32

In this perspective article, we pres-
ent a model for pain in knee OA that
may be used as a broad framework
for guiding each of the phases of
phenotyping research. This model
conceptualizes the “black box” of
clinical pain in knee OA as a conflu-
ence of variables related to: (1) knee
pathology, (2) psychological dis-
tress, and (3) the neurological pro-
cessing of pain (Fig. 2). Our model
shares similarities with the model
of Diatchenko et al,33 designed to
explain the etiology of idiopathic
pain disorders, in which the interac-
tion of biological, psychological, and
genetic factors was proposed to
increase the risk of pain.

Our intention in proposing this
model, with these particular
domains, is 2-pronged. First, we
believe it is important to prioritize
future research and clinical strate-
gies specifically around pain. This
focus represents a paradigm shift
from previous efforts to understand
OA pathophyisiology in isolation.
Second, we have selected domains
that—in our opinion—offer high
potential to provide a more com-
plete description of the pain experi-
ence. Although the pathological
components of OA have been well
studied, psychological and neuro-
physiological factors have garnered

growing interest for their potential
influence on the experience of knee
pain. Some research and review arti-
cles in the last few years have specif-
ically discussed the importance of
psychological and neurophysiologi-
cal factors in painful knee OA.34–36

In the following paragraphs, we will
review variables that we believe are
candidates for inclusion in this
model. We will focus primarily on
factors that are likely to be modifi-
able through therapeutic interven-
tion, although the interested reader
might identify other contributors,
such as genetic or demographic fac-
tors (eg, age, sex) that have the
potential to influence knee pain. We
do not intend to neglect the role of
such factors; we simply believe that
a nascent conceptual model such
as the one we propose retains some
measure of interpretability (and thus
usefulness in research and clinical
practice) by focusing on avenues for

potential intervention. Furthermore,
we believe that characterizing pain
“phenotypes” in knee OA will pres-
ent new research opportunities to
examine genetic or environmental
factors more specifically, as the cur-
rent phenotypic definition of OA is
somewhat vague and problematic.17

Future research will be needed to
identify the assessment tools most
relevant to knee pain, and there
undoubtedly will be opportunities to
refine or improve upon our descrip-
tions. As mentioned, the overall goal
of this perspective article is to
broaden the scope of what is con-
sidered important in clinical knee
OA to include factors across multiple
domains—peripheral, psychological,
and neurological—thus allowing for
a more complete appreciation of
what constitutes a clinically mean-
ingful pain experience.

Figure 2.
A conceptual model for pain in knee osteoarthritis, emphasizing important contribu-
tions from each of the following domains: (1) knee osteoarthritis pathology, (2) psy-
chological distress, and (3) neurophysiological changes in the processing of pain.
Variables from these domains (examples provided) are proposed to interact to result in
an individual clinical pain experience.
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Harnessing Complexity
Part 1: Knee Pathology
The archetype of knee OA—the
older adult with knee pain and bony
deformity—remains a common clin-
ical presentation. The conflation of
this presentation with the patho-
physiology of cartilage degradation
may be overly simplistic, but it is
an understandable consequence of
the utilization of radiography in
early attempts to characterize the
disease. However, many important
nociception-generating processes
are not visible on radiographic exam-
ination, and knee structures other
than cartilage and periarticular bone
also have been linked to the pain
experience. For example, magnetic
resonance imaging (MRI) has identi-
fied relationships between pain and
synovial thickening, effusion, bone
marrow lesions, and meniscal
tears.37 As with radiography, these
structural abnormalities fail to fully
account for pain severity in knee
OA,14 and each of the aforemen-
tioned MRI findings is frequently
found in people with neither pain
nor radiographic evidence of degen-
eration.38 The question that remains
is whether structural abnormalities,
either in isolation or in combination
with other factors, act to influence
pain for an individual patient or sub-
set of people diagnosed with knee
OA.

One possibility is that imaging abnor-
malities might serve as a convenient
surrogate marker of the potential
for nociception at the knee joint,
but nociception itself might remain
absent or subclinical until influ-
enced by certain biochemical or
neurophysiological processes. For
example, proinflammatory cytokines
are known to sensitize nociceptors,
and although OA has classically
been considered a noninflammatory
condition, evidence exists for both
systemic and joint-specific inflamma-
tion in people diagnosed with knee
OA.39,40 Joint effusion also is often

observed clinically and on MRI
examination, and a variety of chem-
ical inflammatory mediators have
been implicated in this process. In
particular, levels of interleukin (IL)-6
and IL-8 appear to be significantly
higher in patients with OA com-
pared with controls.39 Both serum
and synovial fluid levels of IL-6 and
IL-8 demonstrate a relationship with
joint fluid and swelling in knee OA.39

Other inflammatory factors, includ-
ing IL-1 beta and tumor necrosis fac-
tor (TNF)-alpha, have been impli-
cated in the pathophysiology of
cartilage destruction and nociceptor
sensitization.41–43 Interestingly, in a
study of the progression of knee pain
over 5 years, baseline levels of TNF-
alpha, C-reactive protein, and IL-6
were predictive of worse pain at
follow-up, even after controlling for
radiographic or MRI findings.40 One
intriguing possibility, requiring fur-
ther investigation, is that signs of
systemic inflammation represent a
common denominator to a number
of chronic conditions, including
heart disease, diabetes, obesity, and
OA.7,44–46 Thus, the presence of
multiple inflammatory comorbidities
might be helpful in identifying a clin-
ical phenotype of knee OA. How-
ever, the mechanisms by which
inflammatory processes mediate
pain, inflammation, or other signs of
disease progression in OA are not
well understood—for example, IL-6
has been shown to have anti-
inflammatory properties in addition
to its documented role in promoting
or facilitating inflammation.47

Many of these attempts to character-
ize the disease of knee OA offer a
snapshot of pathophysiology but do
not account for activity or load-
dependent changes in pain that
often accompany the clinical presen-
tation. Weakness of the quadriceps
muscle—considered to be a hall-
mark of knee OA—appears to be
strongly related to the presence of
pain,48 and the lack of an ability to

attenuate forces surrounding the
knee joint could play an important
role in the experience of knee
pain.49–53 Significant correlations
also have been observed between
pain severity and kinematic and
kinetic measures of lower extremity
loading.54,55 Malalignment of the tib-
iofemoral joint, in combination with
high body mass index (BMI) may be
particularly associated with disease
progression in knee OA.56,57

Part 2: Psychological Distress
There has been considerable
research regarding psychological
influences on the experience of pain
and the development of chronic
pain (for a recent review, see Linton
and Shaw58). Psychological pro-
cesses such as attention to pain, con-
textual beliefs about the nature and
importance of a particular noxious
stimulus, and certain behavioral
responses to pain are all thought to
be functionally important to any pain
experience.59,60 Various models have
been proposed to conceptualize
how these processes might contrib-
ute to chronic pain, and at least a few
of these models appear to have par-
ticular relevance to pain in knee OA.
For example, self-efficacy describes a
person’s ability to cope and self-
manage around a pain experience.
Self-efficacy is associated with cop-
ing behaviors and beliefs regarding
the controllability of pain. Pain cop-
ing skills can be taught to patients
with arthritis, resulting in increased
self-efficacy,61 and there is evidence
that high levels of self-efficacy and
successful self-management strate-
gies (eg, via exercise or activity mod-
ification) are associated with
improved pain levels and better
functional outcomes.62

The fear-avoidance model of chronic
pain—studied at length in patients
with low back pain—suggests that
the emotional fear of pain, pain-
related anxiety, and hyper-
attentiveness to pain (among other
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things) may contribute to maladap-
tive movement avoidance and inac-
tivity, which subsequently may exac-
erbate a cycle of worsening pain.
The application of this model to
knee OA has an intuitive appeal; it
is easy to imagine how the diag-
nosis of “knee OA,” perhaps con-
noting a progressive, degenerative
condition in the minds of patients,
could elicit fear and anxiety. Mea-
sures of psychological distress—in-
cluding depression, pain catastroph-
izing, and pain-related fear, all of
which are implicated in the fear-
avoidance model—also appear to be
influential in the pain experience for
patients diagnosed with knee OA.
These measures often appear more
strongly related to pain than radio-
graphic severity of OA.50,63 Emerging
evidence suggests that these mea-
sures may be particularly important
for establishing prognosis or predict-
ing treatment response. For exam-
ple, preoperative measures of
depression and pain catastrophizing
have been shown to predict contin-
ued pain after knee replacement
surgery.64–66

Part 3: Pain Neurophysiology
Pain is a perception, a construct of
the nervous system, not equivalent
to (although likely influenced by)
sensory nociceptive input from the
periphery. Nociception is known to
undergo modulation at multiple loca-
tions in afferent pathways, and there
are opportunities at each of these
locations for clinically relevant
changes in the neurophysiological
processing of pain. In knee OA, the
areas of the central nervous system
that appear to play a role in the per-
ception and modulation of pain
include (but probably are not limited
to) the spinal cord, brain stem, thal-
amus, somatosensory and motor cor-
tices, prefrontal cortex, cingulate
cortex, and limbic system.67–69 With
chronic knee pain, the overall gain of
this system is thought to increase,
likely via plastic changes in synaptic

connections throughout the relevant
networks, resulting for some patients
in a central nervous system sensi-
tized to pain. As in other chronic
pain conditions, central sensitization
in knee OA is hypothesized to con-
stitute a clinical condition unto
itself,35 and research is now under
way to characterize and address cen-
tral sensitization in knee OA as an
entity separate from pathology at the
knee joint.70

Various experimental measures have
been used to detect central sensitiza-
tion in knee OA. These measures are
designed to allow researchers and
clinicians to rule in a diagnosis of
central sensitization by identifying
signs of systemic hyperalgesia, by
looking for reduced pain thresholds
or increased temporal summation of
pain, or by characterizing enlarged
areas of referral pain or detecting
impairments in descending antinoci-
ceptive processes. Recently, Arendt-
Neilsen et al71 demonstrated reduc-
tions in pressure pain threshold in
patients with knee OA compared
with a control group of individuals
who were healthy, both at the knee
joint and at anatomically distant
sites, suggesting the presence of cen-
tral sensitization to noxious mechan-
ical stimuli in patients with knee OA.
Patients with knee OA also reported
increased areas of referred pain in
response to hypertonic saline injec-
tions.71 Some studies have demon-
strated a tendency for patients with
knee OA to report increasing levels
of pain with the repetitive applica-
tion of the same noxious stimulus
(so-called “temporal summation of
pain,” thought to be indicative of
nociceptive amplification at the level
of the spinal cord).71,72 Descending
modulation of nociception, via brain
structures such as the rostral ventral
medulla and periaqueductal gray,
also appears to be disrupted in peo-
ple with OA.71–74 Some patients with
knee OA have been shown to dem-
onstrate symptoms such as fatigue,

sleep disturbance, and cognitive dif-
ficulties, which also are thought to
be indicative of a centrally driven
pain experience.75

Future Directions
We propose that variables from
peripheral, psychological, and neu-
rophysiological domains should be
considered equally important to
understanding the individual clinical
pain experience for patients with
knee OA. In particular, we believe
that measures from each of these
domains might be used to construct
“pain phenotypes” in order to guide
future clinical strategies. In our view,
such phenotypes would be valuable
to at least 3 aspects of clinical prac-
tice: (1) diagnosis—through this
phenotyping approach, diagnostic
categories may be made more rele-
vant to the experience of pain; (2)
prognosis—pain phenotypes could
be examined longitudinally to char-
acterize potentially different natural
histories; and (3) treatment—pheno-
types may demonstrate differential
responses to currently available
treatment strategies, and novel treat-
ment strategies may be developed to
target the confluence of factors
unique to a particular phenotype.

Diagnosis
Given the number of measures and,
therefore, the complexity of poten-
tial interactions among peripheral,
psychological, and neurophysiologi-
cal domains, characterization of pain
phenotypes could lead to new diag-
nostic criteria for knee OA with con-
siderably more relevance to pain. As
mentioned, the diagnosis “knee OA”
currently relies heavily on radio-
graphic evidence of osteoarthritic
changes in the joint, with the ratio-
nale that joint degeneration is the
primary contributor to the experi-
ence of knee pain. This diagnosis
has resulted in the identification of
pathophysiological elements (eg,
cartilage loss, changes to synovium
and surrounding tissues) that appear
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to have an inconsistent relationship
to pain. The knee OA diagnostic
umbrella—having grown to assimi-
late multiple elements of OA patho-
physiology—now encompasses a
heterogeneous population with a
wide range of impairments that do
not necessarily imply a particular
course of physical therapy treat-
ment. However, the diagnosis of
pain phenotypes in knee OA, even in
the absence of evidence on progno-
sis or treatment response, may help
to guide clinical decision making.
For example, a patient with a presen-
tation of moderate levels of struc-
tural joint involvement and high lev-
els of psychological distress (patient
1, Fig. 3) appears to warrant a differ-
ent management strategy than a
patient with moderate levels of
peripheral joint involvement and
low levels of psychological distress
(patient 2, Fig. 3). Physical therapists
are already accustomed to modifying
treatment approaches to address sce-
narios such as this, perhaps most
notably for populations with well-

documented psychosocial comorbid-
ity (eg, patients with low back or
neck pain). The identification of pain
phenotypes may help to formalize
similar clinical pathways for physical
therapy treatment of knee pain in
patients diagnosed with knee OA.

Prognosis
Currently, pain prognosis in knee
OA appears to be highly variable.
Although many people experience
worsening degeneration and wors-
ening pain over a period of time,
approximately 30% of people report
improvements in knee pain even
after several years have elapsed.76

Previous prognostic studies have
tended to adopt a biomedical, patho-
physiological perspective on knee
OA, focusing more on predictors of
radiographic degeneration or “dis-
ease progression” than on changes in
pain.77,78 Still, there is evidence that
psychosocial factors (measured at
baseline) affect changes in pain sta-
tus. Preoperative depression was
predictive of worse pain following

total knee arthroplasty (TKA),64,65

and social deprivation was predic-
tive of worsening knee pain over 7
years in one cohort study.76 Interest-
ingly, this study also identified hyper-
tension, comorbid cardiovascular
disease, and BMI as predictors of pro-
gressing pain.76

Identification of phenotypes could
further our understanding of pain
prognosis in knee OA. The interac-
tion of variables across domains,
which should be considered in the
phenotyping process, appears likely
to influence prognosis. For example,
it may be that moderate levels of
joint involvement and moderate lev-
els of psychological distress, in com-
bination with altered signs of pain
neurophysiology, (patient 1, Fig. 4)
predispose patients to worse pain
over time (ie, the variables have an
additive effect on pain presentation
or pain prognosis) compared with
patients possessing only apparent
joint involvement (patient 2, Fig. 4).
Currently, the number of potential
interactions prohibits these multi-
variable predictive analyses in all
but the largest available datasets
(which, in turn, may not contain
all of the variables of interest). There-
fore, characterization of pain pheno-
types could offer a helpful interme-
diary. Each pain phenotype could act
as a surrogate marker for multiple
factors, thus simplifying the vast
array of potential interactions that
would have to be examined longitu-
dinally into a single categorical vari-
able. Future research then could
focus on validating knee OA pain
phenotypes over time (ie, assessing
phenotype stability) and exploring
the influence of phenotype on prog-
nosis to determine whether pheno-
typic variations help explain the vari-
ability that has been observed in
knee pain prognosis.

Treatment
Current approaches to treating the
pain associated with knee OA have

Figure 3.
Patients may present with similar pain reports but with different pain phenotypes.
Patient 1 demonstrates moderate levels of joint involvement with high levels of psy-
chological distress. Patient 2 demonstrates moderate levels of joint involvement with
low levels of psychological distress. These 2 patients would likely warrant different
treatment approaches.
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demonstrated variable success rates.
Even the most effective intervention
(ie, TKA) may not relieve pain for up
to 34% of patients.2 Certain psycho-
social factors (namely, depression
and pain catastrophizing)64–66,79,80

have been identified as preoperative
risk factors for continued pain fol-
lowing TKA, prompting the idea
that alternative treatments or reha-
bilitation strategies may be war-
ranted for individual patients with
these psychosocial comorbidities.
Recently, Riddle et al81 demon-
strated that coping strategies train-
ing prior to TKA, for individuals
with high levels of pain catastro-
phizing, resulted in improved pain
outcomes following surgery com-
pared with a previous cohort of sim-
ilar patients. This encouraging, albeit
preliminary, finding suggests that
treatment approaches might be
combined to optimize reductions in
pain for patients diagnosed with
knee OA. The study by Riddle et al
also demonstrated how interven-
tions might be tested in a subpopu-
lation of patients to reduce hetero-
geneity and maximize apparent
treatment effects. Further investiga-
tion along these lines is a topic of
ongoing research.82 Objective char-
acterization of pain phenotypes
could serve to augment these efforts,
as additional variables (other than
catastrophizing and joint damage)
also might be targeted with com-
bined treatment approaches.

Phenotyping efforts that examine
the interaction of variables across
domains may help to prioritize our
understanding of the impairments
most relevant to pain, thereby
prompting investigations into novel
treatment strategies to address
these impairments (or combina-
tions of impairments). For exam-
ple, a recent study investigated the
combined influence of radiographic
OA and signs of central sensitization
on pain reports for patients with
knee OA.83 Mild radiographic OA in

Figure 4.
Pain phenotype could influence patients’ prognosis. Patient 1 demonstrates moderate
levels of joint involvement, in combination with moderate psychological distress and
moderate signs of altered pain neurophysiology. Patient 2 demonstrates moderate
levels of joint involvement with low levels of psychological distress and minimal changes
to pain neurophysiology. In this depiction, involvement of multiple variables across
domains has a cumulative effect, leading to poor prognosis.

Figure 5.
The clinical report of pain may be modified by variables in each domain. Patient 1
demonstrates how the presence of central sensitization might serve to augment the
pain resulting from apparently low levels of joint involvement. Patient 2 demonstrates
the capacity for the nervous system to modulate pain, diminishing the pain experience
in cases of severe joint involvement.
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conjunction with signs of central
sensitization was shown to result in
reports of higher levels of pain
(exemplified by patient 1, Fig. 5),
whereas patients with severe radio-
graphic OA, lacking signs of central
sensitization, tended to report lower
levels of pain (exemplified by patient
2, Fig. 5). These findings suggest that
the changes in the neurophysiologi-
cal processing of pain have the
potential to augment or inhibit the
pain experience resulting from
radiographic indicators of joint dam-
age. Such knowledge may lead phys-
ical therapists to select treatment
strategies that harness patients’
innate ability to modulate nocicep-
tion. A patient who possesses the
capacity to modulate nociceptive
information might benefit from inter-
ventions that involve a short-term
increase in pain—through manual
therapy techniques or aggressive
strengthening interventions—to
achieve long-term benefits. Con-
versely, patients who lack the ability
to endogenously modulate nocicep-
tion might warrant strategies that
seek to diminish sensitivity of the
nervous system, through modalities
such as transcutaneous electrical
nerve stimulation or other emerging
techniques.84,85

Again, future research will be
needed to operationalize our under-
standing of pain phenotypes based
on multiple factors across domains.
By empirically characterizing pheno-
types from a diagnostic standpoint
(and perhaps most productively via
data-driven approaches, including
specific subgrouping analytical tech-
niques such as those that have been
used in other chronic pain popula-
tions86–90), physical therapists ulti-
mately may be better equipped to
address individual rehabilitation
needs across the heterogeneous
diagnosis of knee OA.

Conclusion
The painful, deformed knee joint
often seen in older adults remains a
common clinical presentation. Knee
pain continues to affect 1 in 4 older
adults, it is commonly reported as a
major health issue, and it is a major
driver of knee-related health care,
including the desire to undergo joint
replacement surgery.91 Efforts to
define this condition have—over the
years—resulted in an impressive list
of variables related to structural, bio-
chemical, and mechanical abnormal-
ities of the knee joint that have come
to define the pathophysiology of
knee OA. Measures related to psy-
chological distress and the neuro-
physiological processing of pain
have recently garnered growing rel-
evance to our understanding of knee
pain, but our ability to incorporate
this knowledge into the process of
diagnosis, prognosis, and treatment
remains a work in progress. In many
ways, the pain experience in knee
OA remains a “black box”; there
are factors known to be important,
but the essential components of
any individual pain experience are
unknown.

A new conceptual framework is
needed—one that acknowledges the
heterogeneity in clinical knee OA
and seeks to characterize interac-
tions between variables across mul-
tiple domains related to the pain
experience. We have proposed a
model where knee pain in people
diagnosed with OA is composed of
variables from the following domains:
(1) knee pathology, (2) psychologi-
cal distress, and (3) pain neurophys-
iology. We believe that specific com-
binations of variables across domains
will help define different pheno-
types of pain. Shifting the emphasis
from the mechanisms of joint patho-
physiology toward a greater under-
standing of how combinations of fac-
tors influence pain from knee OA
ultimately may provide: (1) clinical
diagnostic techniques that consider

factors beyond joint degeneration,
(2) a better sense of patient progno-
sis and how these factors interact to
determine outcomes, and (3) ideas
for novel interventions that are
matched to the pain phenotype and,
therefore, are specific to the individ-
ual’s pain experience.
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