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■ James Jackson, Ravi Iyer, Jennifer Mellor, Wenhui Wei

Introduction: To evaluate, from the patient’s perspective, the burden of pain associated with hip/knee osteoarthritis (OA) in the 
USA and selected European Union (EU) countries.

Methods: Data were drawn from the 2017 global Adelphi OA Disease Specific ProgrammeTM (DSP). Patients with hip/knee OA 
were stratified based on pain intensity and the presence/absence of current opioid use. Outcomes included Western Ontario and 
McMaster Universities Osteoarthritis Index scores, functional limitations, unmet treatment needs, Charlson Comorbidity Index, rel-
evant comorbid conditions, the 5-dimension 5-level EuroQol, and the Work Productivity and Activity Impairment 

Results: The study population comprised 2170 patients (US: n = 623 [28.7%]; EU: n = 1547 [71.3%]) with knee (54.9%), hip 
(24.6%), or knee/hip (20.5%) OA. Mean (SD) age was 66.4 (11.2) years. Patients had no/mild pain without opioid use (39.6%), no/
mild pain with opioid use (10.2%), moderate/severe pain without opioid use (30.6%), and moderate/severe pain with opioid use 
(19.7%). Compared with the reference group, patients with moderate/severe pain reported significantly (p\0.05) higher functional 
limitations, greater use of C 3 treatments and treatment dissatisfaction, reduced quality of life, and impaired work productivity and 
activity. The burden was highest with moderate/severe pain with opioid use. Results were generally similar in the US and  E cohorts.

Conclusions: The results from this multinational cross-sectional study indicate that the impact of OA pain is multidimensional, 
worsened by increasing pain intensity, and may not be adequately addressed by current treatment strategies. 

Keywords: Comorbidity; Daily activity; Healthrelated quality of life; Opioid; Osteoarthritis; Pain; Physical functioning; Work pro-
ductivity.

ABSTRACT :

INTRODUCTION

The Burden of Pain Associated with Osteoarthritis
in the Hip or Knee from the Patient’s Perspective:
A Multinational Cross-Sectional Study

Osteoarthritis (OA) is a chronic joint disease that represents 
a major global public health problem [1,2]. Affecting more 

than 300 million adults globally [2], OA is the most common form 
of arthritis and a leading cause of disability [1]. Although OA 
can involve any synovial joint [1], the most commonly affected 
sites are the hips, knees, and hands [2]. Risk factors for OA in-
clude joint injury, increasing age, female sex, obesity, and pre-
disposing genetic factors [3]. An aging population and increased 
rates of obesity are contributing to the growing incidence of 
OA [1]. OA can be defined in terms of radiologic changes as well 
as symptoms, although there may be a discordance between 
these findings, with some patients having radiologic findings 
without symptoms [4]. Pain is the disease characteristic that 
most often drives patients to seek medical attention [4], and it 
negatively affects multiple aspects of a patient’s life, including 
mobility, sleep, mood, and healthrelated quality of life (HRQoL) 
[5]. OA is also associated with a substantial economic burden 
[4,6]. Although there is no cure for OA, a variety of therapies are 
available for OA pain, including non-pharmacologic approaches 
(e.g., physical therapy and weight management) and pharmaco-
logic agents (e.g., acetaminophen [paracetamol], nonsteroidal 
anti-inflammatory drugs [NSAIDs], and opioids) [7].    Opioids 
have been traditionally recommended as options for OA pain 

[8,9] and are still being prescribed in some patients [10]. Howev-
er, use of opioids to manage OA pain remains controversial. 
Results from randomized controlled trials (RCTs) demonstrated 
that opioids provide few benefits relative to other analgesics 
for relieving OA pain [11–14]. Furthermore, opioids are associated 
with a number of safety concerns, including toxicities and the 
risk of abuse and dependency [15–17]. Conseqeuntly, the recently 
updated guidelines from the Osteoarthritis Research Society In-
ternational (OARSI) strongly recommend against opioid use for 
OA pain [18]. In addition, the most recent guidelines from the 
American College of Rheumatology (ACR)/Arthritis Foundation 
(AF) conditionally recommend against the use of opioids in pa-
tients with OA, acknowledging that these agents may be used 
after exhausting other treatment options [19].

The objective of this multinational crosssectional study was to 
evaluate the burden of pain associated with OA in the hip and/
or knee from the perspective of adult patients in the US and 
selected countries in the European Union (EU). In this study, pa-
tients with hip/knee OA were stratified based on pain intensity 
and the presence/absence of current opioid use. Given that OA 
exerts multiple effects on patients’ lives, this study examined a 
spectrum of measures of disease burden, including functional 
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burden, unmet treatment needs, comorbid-
ity burden, HRQoL, work productivity, and 
daily activity. 

METHODS

Study Design
This study utilized data from the Adelphi 
Disease Specific Programme (DSP)TM, which 
is a large, multinational, observational study 
designed to capture a cross-section of re-
al-world data for a range of common chron-
ic diseases [20]. This study used de-identified, 
aggregated patient data and was granted 
exceptions from requiring ethics approval. 
Patients provided consent to participate. 
Data were collected in clinical practice set-
tings by physicians who provided relevant 
information on consecutive patients con-
sulting for the disease of interest.
Patients were invited to participate by com-
pleting an independent questionnaire. Data
were drawn from the 2017 global Adelphi 
OA DSP, which surveyed primary care phy-
sicians, rheumatologists, orthopedists, and 
their patients with OA during their regular 
office visits. Physician and patient data were 
collected at the same time. Participating 
physicians and patients were each assigned 
a study number to aid anonymous data col-
lection and to allow linkage of data during 
data collection and analysis. This study in-
cluded patients from the US and the five 
most populated EU countries at the time 
of the analysis (Germany, France, UK, Ita-
ly, and Spain [21]) who were diagnosed with 
OA of the knee and/or hip by their consult-
ing physicians. For each included patient, 
during the visits physicians completed a 
patient record form on the patient’s history 
of OA treatment regimens, current use of 
opioids and other treatments for OA pain, 
and comorbidities. Patients who agreed to 
participate completed a self-assessment 
form that included quetions and validated 
measures for evaluating disease burden. OA 
pain intensity in the past 48 h was measured 
using the Western Ontario and McMaster 
Universities Osteoarthritis Index (WOMAC) 
Numerical Rating Scale (NRS) 3.1, a widely 
used, validated, self-administered, disease- 
specific questionnaire [22,23]. Using the pain 
component of the WOMAC, patients were 
stratified by no/mild pain (score 0–3) and 
moderate/severe pain (score 4–10) and at 
the same time by the presence or absence 
of current opioid use, resulting in four 
groups: no/mild pain without current opioid 

use; no/mild pain with current opioid use; 
moderate/severe pain without current opi-
oid use; moderate/severe pain with current 
opioid use.

Outcome Measures
Outcomes included measures for physical 
functioning, unmet treatment needs, co-
morbidity, HRQoL, and work productivity 
and daily activity. Physical functioning was 
reported by patients using physical function 
and stiffness scores from the WOMAC NRS 
3.1, which are scored on a range from 0 to 
10, with higher scores indicating a worse 
condition over the past 48 h [22,23]. Physical 
functioning was also assessed by patient 
responses to stand-alone questions related 
to functional limitations (‘‘Has your mobility 
been impacted due to your OA?’’ ‘‘Do you 
need an aid to get around, either inside or 
outside of your house due to your OA?’’ ‘‘Do 
you need anyone to help you with any daily 
activities or tasks?’’ ‘‘Have you ever suffered 
a fall inside or outside of your home that you 
believe was because of your OA?’’); these 
questions were not previously validated. Un-
met treatment needs were measured by the 
use of C 3 treatment regimens for OA and 
patient-reported dissatisfaction with treat-
ment. Comorbidity burden was evaluated 
by the physician using the Charlson Comor-
bidity Index (CCI) [24]. To further examine rel-
evant comorbidities, rates of any cardiovas-
cular condition, hypertension, depression or 
anxiety, osteoporosis, and chronic low back 
pain were recorded by the physician.

HRQoL was measured using the 5-dimen-
sion, 5-level EuroQol (EQ-5D-5L), a generic,
patient-reported measure of health status 
[25]. The EQ-5D-5L consists of five dimen-
sions (mobility, self-care, usual activities, 
pain/discomfort, and anxiety/depression), 
with five levels of impairment responses, 
and a health state visual analog scale (VAS; 
0 = worst health state, 100 = best health 
state). Patient responses on the five dimen-
sions are used to generate a utility index 
that represents a health state with anchors 
at 0 (death) and 1 (perfect health), although 
index scores\0 are possible. For the EQ-5D-
5L utility index, individual country value sets 
were used for the US and EU countries. The 
minimally important difference (MID) for the 
EQ-5D-5L utility index is estimated to be a 
difference of[0.037 to 0.069 points [26].

Work productivity and daily activity over the

Key points

Why carry out this study?
•	 Osteoarthritis (OA) is a chronic 

joint disease that represents a 
major global public health prob-
lem; pain is the main symptom 
of OA and the disease character-
istic that most often drives pa-
tients to seek medical attention.

•	 The objective of this cross-sec-
tional study was to evaluate the 
burden of pain associated with 
knee, hip, or knee and hip OA 
from the perspective of adult 
patients in the USA and selected 
countries in the European Union 
(EU).

What was learned from 
the study?
•	 Of 2170 patients with OA, those 

with moderate/severe pain re-
ported significant burdens that 
affected multiple aspects of their 
lives.

•	 The burdens were higher among 
patients with moderate/severe 
pain versus no/mild pain and 
among patients with current 
opioid use versus patients with-
out current opioid use, regard-
less of pain intensity.

•	 These results indicate that the 
multidimensional impact of OA 
pain is worsened by increasing 
pain intensity and may not be 
adequately addressed by opi-
oid therapy, underscoring the 
need for alternative therapeutic 
agents for the management of 
knee/hip OA pain.
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past 7 days were assessed using the pa-
tient-reported Work Productivity and Activi-
ty Impairment Questionnaire: Specific Health 
Problem (WPAI:SHP) version 2.0, with OA as 
the specified disease [27]. Activity impairment 
was assessed among all patients; work pro-
ductivity was assessed among employed pa-
tients only.Assessed WPAI:SHP scales were 
impairment while working due to problem 
(‘‘presenteeism’’), work time missed (‘‘ab-
senteeism’’), overall work impairment, and 
activity impairment.

Statistical Analysis
STATA v16.0 software was used in the sta-
tistical analysis. Bivariate testing was used 
to compare outcomes for patients with no/
mild pain without current opioid use versus 
those with no/ mild pain with current opioid 
use, moderate/ severe pain without current 
opioid use, and moderate/severe pain with 
current opioid use. Statistical significance 
was set at p\0.05.

RESULTS

Patient Characteristics
The study sample comprised 2170 patients 
with OA of the knee and/or hip from the 
2017 global Adelphi OA DSP (Table 1). The 
mean age was 66.4 years, 57.9% of pa-
tients were female, and 88.4% were white 
or Caucasian. OA was reported in the knee 
(without hip), hip (without knee), or both 
hip and knee in 54.9%, 24.6%, and 20.5% 
of patients, respectively (OA may have been 
present in joints other than the knee or hip). 
Participating patients were from the US (n 
= 623; 28.7%) and EU (n = 1547; 71.3%).

Among the study sample, 1090 patients 
(50.2%) had moderate/severe pain and 648
patients (29.9%) were currently receiving 
opioids. Despite current opioid treatment, 
427 of the 648 patients (65.9%) still re-
ported moderate/ severe pain. Based on 
pain severity and opioid use, patients were 
grouped into four categories: 859 patients 
(39.6%) had no/mild pain without opioid 
use, 221 patients (10.2%) had no/mild pain 
with opioid use, 663 patients (30.6%) had 
moderate/severe pain without opioid use, 
and 427 patients (19.7%) had moderate/ 
severe pain with opioid use (Supplementary
Fig. 1). Demographic and clinical charac-
teristics were generally consistent across 
the four categories, although patients with 
moderate/severe pain with opioid use were 

older, had a higher proportion of females, 
had a higher incidence of OA affecting both 
the knee and hip, and had a higher inci-
dence of obesity (Table 1). Moderate/ severe 
pain was reported by 248 of 623 US pa-
tients (39.8%) and 842 of 1547 EU patients
(54.4%), and opioids were used by 141 US
patients (22.6%) and 507 EU patients 
(32.8%; Supplementary Fig. 1). Opioids 
were used by 46.1% of patients in Spain, 
39.8% of patients in the UK, 29.7% of pa-
tients in Italy, 27.4% of patients in Germa-
ny, and 25.5% of patients in France (Supple-
mentary Fig. 2). Despite receiving opioids, 
93 patients (14.9%) in the US cohort and 
334 patients (21.6%) in the EU cohort still
reported moderate/severe pain (Supplemen-
tary Fig. 1). The proportion of patients with 
moderate/ severe pain and opioid use was 
33.3% in Spain, 25.7% in the UK, 23.9% in 
Italy, 16.7% in France, and 15.0% in Ger-
many (Supplementary Fig. 2).

Among current opioid users (n = 648) in the
total population, 463 patients (71.5%) used
weak opioids (e.g., codeine, hydrocodone, 
or tramadol), 171 patients (26.4%) used 
strong opioids (e.g., morphine, hydromor-
phone, or oxycodone), and 14 patients 
(2.2%) used weak and strong opioids in 
combination (Supplementary Fig. 3). In the 
total population, strong opioids were used 
more frequently in patients with moderate/
severe pain than in those with no/mild pain 
(29.0% versus 21.3%). Strong opioids were 
used most frequently in Germany (53.9%), 
followed by Italy (39.1%), Spain (32.6%), 
the US (13.5%), France (11.5%), and the 
UK (8.3%) (Supplementary Fig. 4).

Physical Functioning
In the total population, patients with mod-
erate/ severe pain reported higher scores in
WOMAC physical function and stiffness 
than patients with no/mild pain, which was 
indicative of higher functional impairment 
(Fig. 1). In addition, patients with opioid 
use reported more physical function limita-
tions than those without opioid use at the 
same pain level (i.e., patients with no/mild 
pain with opioid use had more limitations 
than those with no/mild pain without opioid 
use, as did patients with moderate/ severe 
pain with opioid use versus those without 
opioid use; Fig. 1a). Patients with moderate/
severe pain with opioid use experienced the 
most limitations in physical function and 
joint stiffness. WOMAC physical function 

Key points

•	 Osteoarthritis (OA) is a chronic 
joint disease that represents a 
major global public health prob-
lem. Affecting more than 300 
million adults globally, OA is the 
most common form of arthritis 
and a leading cause of disability. 
Although OA can involve any sy-
novial joint, the most common-
ly affected sites are the hips, 
knees, and hands. Risk factors 
for OA include:

•	       Joint injury
•	       Increasing age
•	       Female sex
•	       Obesity
•	       Predisposing genetic factor
•	 An aging population and in-

creased rates of obesity are 
contributing to the growing inci-
dence of OA. OA can be defined 
in terms of radiologic changes 
as well as symptoms, although 
there may be a discordance be-
tween these findings, with some 
patients having radiologic find-
ings without symptoms.
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Table 1 Characteristics of patients with hip and/or knee OA in the total population (US and EU cohorts;= 2170) by
pain intensity and opioid use

Total
(N = 2170)

No/mild pain
without opioid
use (n = 859)

No/mild pain
with opioid
use (n = 221)

Moderate/severe
pain without opioid
use (n = 663)

Moderate/severe
pain with opioid
use (n = 427)

Age

No 2170 859 221c 663c 427c

Mean (SD),a years 66.4 (11.2) 64.5 (10.9) 68.0 (9.7) 66.2 (11.6) 69.8 (10.8)

Sex

No 2170 859 221 663c 427c

Male 914 (42.1) 389 (45.3) 101 (45.7) 266 (40.1) 158 (37.0)

Female 1256 (57.9) 470 (54.7) 120 (54.3) 397 (59.9) 269 (63.0)

Race/ethnicity

No 2170 859 221 663 427c

White/Caucasian 1919 (88.4) 747 (87.0) 204 (92.3) 604 (91.1) 364 (85.2)

Hispanic/Latino 88 (4.1) 31 (3.6) 6 (2.7) 22 (3.3) 29 (6.8)

African American 72 (3.3) 41 (4.8) 6 (2.7) 13 (2.0) 12 (2.8)

Others 91 (4.2) 40 (4.7) 5 (2.3) 24 (3.6) 22 (5.2)

Country

No 2170 859 221c 663c 427c

US 623 (28.7) 327 (38.1) 48 (21.7) 155 (23.4) 93 (21.8)

Germany 468 (21.6) 178 (20.7) 58 (26.2) 162 (24.4) 70 (16.4)

France 377 (17.4) 153 (17.8) 33 (14.9) 128 (19.3) 63 (14.8)

Spain 306 (14.1) 77 (9.0) 39 (17.6) 88 (13.3) 102 (23.9)

UK 241 (11.1) 78 (9.1) 34 (15.4) 67 (10.1) 62 (14.5)

Italy 155 (7.1) 46 (5.4) 9 (4.1) 63 (9.5) 37 (8.7)

Site of OAb

No 2170 859 221c 663 427c

Knee (without hip) 1192 (54.9) 516 (60.1) 102 (46.2) 371 (56.0) 203 (47.5)

Hip (without knee) 533 (24.6) 183 (21.3) 73 (33.0) 167 (25.2) 110 (25.8)

Both knee and hip 445 (20.5) 160 (18.6) 46 (20.8) 125 (18.9) 114 (26.7)

BMI

No 2169 859 221 662 427c

Mean (SD), kg/m2 28.1 (5.2) 27.7 (4.8) 28.0 (4.9) 28.0 (5.2) 29.2 (5.7)

Obese

(BMI [ 30 kg/m2)

641 (29.6) 221 (25.7) 65 (29.4) 189 (28.5) 166 (38.9)
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Table 1 continued

Total
(N = 2170)

No/mild pain
without opioid
use (n = 859)

No/mild pain
with opioid
use (n = 221)

Moderate/severe
pain without opioid
use (n = 663)

Moderate/severe
pain with opioid
use (n = 427)

Employment status

No 2150 849 217 658c 426c

Working full-time 545 (25.3) 286 (33.7) 46 (21.2) 157 (23.9) 56 (13.1)

Working part-time 124 (5.8) 54 (6.4) 6 (2.8) 43 (6.5) 21 (4.9)

On long-term sick leave 17 (0.8) 2 (0.2) 0 5 (0.8) 10 (2.3)

Homemaker 256 (11.9) 93 (11.0) 26 (12.0) 72 (10.9) 65 (15.3)

Student 2 (0.1) 0 0 2 (0.3) 0

Retired 1156 (53.8) 406 (47.8) 136 (62.7) 364 (55.3) 250 (58.7)

Unemployed 50 (2.3) 8 (0.9) 3 (1.4) 15 (2.3) 24 (5.6)

Values are the number (%), unless indicated otherwise
BMI body mass index, EU European Union,OA osteoarthritis,SD standard deviation
a Patients aged 90 years were coded as being 90 years of age
b OA may have been present in joints other than the knee or hip
c p\ 0.05 compared with patients with no/mild pain without opioid use

and stiffness scores were more than two-
fold higher among patients with moderate/
severe pain with or without opioid use com-
pared with those with no/mild pain without 
opioid use (6.3 and 5.7 versus 2.5 [p\0.05] 
and 6.3 and 5.7 versus 2.7 [p\0.05], respec-
tively). Patterns were similar in the US and 
EU cohorts (Fig. 1). 

Higher rates of mobility limitation, need for
a walking aid, need for help with daily ac-
tivities, and suffering a fall were noted with 
moderate/ severe pain than with no/mild 
pain (Table 2). Similarly, the prevalence of 
these limitations was higher among those 
with opioid use relative to those without 
opioid use at the same pain level (Table 
2). These burdens were highest in patients 
with moderate/severe pain with opioid use 
and when compared with those with no/
mild pain without opioid use showed more 
than a twofold higher need of a walking 
aid (67.3% versus 30.0%; p\0.05), almost a 
fivefold higher need for help with daily ac-
tivities (48.9% versus 10.2%; p\0.05), and 
more than a twofold higher fall rate (45.3% 

versus 17.6%; p\0.05). Patterns for func-
tional burdens were similar in the US and 
EU cohorts (Supplementary Tables 1 and 2).

Treatment Needs
Treatment needs (i.e., the requirement for 
three or more treatment regimens for OA 
pain or dissatisfaction with treatment) were 
higher with moderate/severe pain than with 
no/mild pain and with opioid use than with 
no opioid use at the same pain level (Table 
2). Patients with moderate/severe pain with 
opioid use reported the greatest treatment 
needs. Among patients with moderate/se-
vere pain with opioid use in the total popu-
lation, approximately half (50.1%) reported 
using three or more treatment regimens for 
OA pain and more than one-third (38.1%) 
reported being dissatisfied with their treat-
ment. Patterns in treatment needs were 
similar across the US and EU cohorts (Sup-
plementary Tables 1 and 2).

Comorbidity
In the total population, the mean CCI score 
was approximately twofold higher among 

Key points

•	 Opioids have been traditionally 
recommended as options for 
OA pain and are still being pre-
scribed in some patients. How-
ever, use of opioids to manage 
OA pain remains controversial. 
Results from randomized con-
trolled trials (RCTs) demonstrat-
ed that opioids provide few 
benefits relative to other an-
algesics for relieving OA pain. 
Furthermore, opioids are asso-
ciated with a number of safety 
concerns, including toxicities 
and the risk of abuse and de-
pendency.
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patients with current opioid use than those 
without opioid use at the same severity level 
(Fig. 2). Patients with moderate/severe pain 
with opioid use had the highest mean CCI 
score, which was significantly higher than 
those with no/mild pain without opioid use 
(0.74 versus 0.30, respectively; p\0.05; Fig. 
2). These trends were also observed in the 
US and EU cohorts.

Relevant comorbid conditions were more 
prevalent among patients with moderate/
severe pain than among those with no/mild 
pain, as well as among patients with opioid 
use than among those with no opioid use at 
the same pain level (Table 2). Patients with 
moderate/ severe pain with opioid use had 
the highest rates of comorbid conditions. 
Rates of depression or anxiety, osteoporo-
sis, and chronic low back pain were more 
than twofold higher among patients with 
moderate/severe pain with opioid use com-
pared with those with no/mild pain without 
opioid use (p\0.05). The majority of patients 
with moderate/severe pain with zopioid 
use had been diagnosed with any cardio-
vascular condition (72.1%) or hypertension 
(66.3%); more than one-third of these pa-
tients (34.4%) suffered from anxiety or de-
pression. Rates of comorbidities were slight-
ly higher in the US than in the EU cohort, 
although trends were similar between the 
two cohorts (Supplementary Tables 1 and 
2).

HRQoL
HRQoL, as assessed by the EQ-5D-5L VAS 
and index scores, was lower among patients 
with moderate/severe pain than among 
those with no/mild pain as well as among 
those with opioid use than among those 
with no opioid use at the same pain lev-
el (Fig. 3). Differences in EQ- 5D-5L index 
scores between patients with no/ mild pain 
without opioid use and patients in the other 
three study groups were clinically relevant 
(i.e., exceeding the estimated MID of 0.037 
[25]). Patients with moderate/severe pain 
with opioid use reported the poorest HRQoL. 
Mean EQ-5D-5L VAS and index scores were 
significantly lower among patients with 
moderate/ severe pain with or without opi-
oid use than among those with no/mild pain 
without opioids (p\0.05). EQ-5D-5L VAS and 
utility index scores were slightly lower in the 
EU cohort than in the US cohort, although 
overall trends were similar.

Work Productivity and Daily Activ-
ity
In the total population, patients with mod-
erate/ severe pain reported greater percent-
ages of work time missed due to problem 
(absenteeism; Fig. 4a), impairment while 
working due to problem (presenteeism; 
Fig. 4b), overall work impairment (Fig. 4c), 
and activity impairment (Fig. 4d) than pa-
tients with no/mild pain, as assessed by the 
WPAI:SHP. In addition, patients with opioid 
use generally reported greater percentage 
impairment on all WPAI:SHP scales than 
those without opioid use, regardless of pain 
level. The percentage of impairment due to
presenteeism (Fig. 4b) exceeded that of ab-
senteeism (Fig. 4a), regardless of pain level 
or opioid use.

In the total population, the greatest per-
centage impairment in WPAI:SHP scales was
reported by patients with moderate/severe 
pain with opioid use. Patients with mod-
erate/severe pain with or without opioid 
use, compared with those with no/mild 
pain without opioid use, reported signifi-
cantly greater work productivity and daily 
activity impairment (p\0.05; Fig. 4). Across 
WPAI:SHP scales, reported impairment was 
more than twofold higher in patients with 
moderate/severe pain with opioid use com-
pared with those with no/mild pain without 
opioid use. WPAI:SHP results were gener-
ally consistent across US and EU cohorts. 
However, among patients with moderate/
severe pain with opioid use, the percentage 
of overall work impairment was substantial-
ly greater in the EU cohort than in the US 
cohort (60.9% versus 41.8%; Fig. 4c), and 
absenteeism was more evident in the EU co-
hort than in the US cohort (Fig. 4a).

DISCUSSION

In this cross-sectional study, patients from 
the US and five EU countries with moderate/
severe OA pain, regardless of opioid use,r 
ported significant burdens that encom-
passed reductions in physical functioning, 
greater treatment needs, more comorbid-
ities, reduced HRQoL, and impairments in 
work productivity and daily activities. The 
burdens were also generally higher among 
patients with current opioid use compared 
with those without current opioid use, re-
gardless of pain intensity; patterns were 
generally similar across US and EU cohorts.
Among the total study population, approx-

Key points

•	 Treatment needs (i.e., the re-
quirement for three or more 
treatment regimens for OA pain 
or dissatisfaction with treat-
ment) were higher with mod-
erate/severe pain than with no/
mild pain and with opioid use 
than with no opioid use at the 
same pain level.

•	 Patients with moderate/severe 
pain with opioid use reported 
the greatest treatment needs. 
Among patients with moderate/
severe pain with opioid use in 
the total population, approxi-
mately half (50.1%) reported 
using three or more treatment 
regimens for OA pain and more 
than one-third (38.1%) report-
ed being dissatisfied with their 
treatment.
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Fig. 1 WOMAC scores in patients with hip and/or knee
OA by pain intensity and opioid use.Physical function
scores.b Sti�ness scores. Scale ranges from 0 to 10, with
higher scores indicating worse condition. 0.05 versus

no/mild pain without opioid use. European Union,
OA osteoarthritis, SD standard deviation,WOMAC
Western Ontario and McMaster Universities Osteoarthri-
tis Index

imately half of patients with OA had mod-
erate/ severe pain, almost a third were cur-
rently receiving opioids, and approximately 
one-fifth still reported moderate/severe pain 
despite current opioid use.

OA is associated with a significant function-
al burden that can result in disability [4,5]; 
not surprisingly, the results from this study 
demonstrated greater functional impacts 
with higher pain intensity. Patients with 
moderate/ severe pain were more likely than 
patients with no/mild pain to report impair-
ment in physical function and stiffness, sp 
cific needs such as for a walking aid or help 
with daily activities, and that they suffered 
a fall. These results are consistent with ev-
idence showing that pain is a major con-
tributing factor to the functional limitations 
associated with OA [4].

The results from this study also demon-
strated greater functional impacts among 
patients with OA pain using opioids. Pa-
tients using opioids reported more physical 
fun tional limitations than those not using 
opioids at the same pain level. These results 
suggest that opioids provided no benefit 
in some patients and may have even con-
tributed to worse functional outcomes. The 
increased frequency of physical functional 
limitations, use of a walking aid, and falls 

with opioid use may potentially be related 
to opioid-related adverse events, specifi-
cally dizziness and somnolence. The results 
of this study also revealed greater unmet 
treatment needs among patients treated 
with opioids. In particular, more than half 
of patients with moderate/severe pain with 
opioid use reported using three or more 
treatment regimens for OA, possibly indi-
cating the lack of efficacy with one or two 
regimens. Additionally, more than onethird 
of these patients reported treatment dissa 
isfaction, suggesting that management with
opioids may not adequately address OA 
pain. Treatment dissatisfaction with opioids 
may be related to the toxicity and low effi-
cacy in OA that are well-recognized issues 
associated with this drug class. These results 
are consistent with those from RCTs show-
ing that opioids provide limited benefit to 
patients with OA pain [11–14] and suppor the 
recently updated OARSI and ACR/AF guide-
lines, which strongly recommend against 
the use of opioids for managing OA pain 
[18,19]. 

The results of this study confirm previous 
work showing high comorbidity among 
patients with OA [28–31] and further revealed 
that patients with higher pain intensity with 
current opioid use have the greatest level of
comorbidity. Mean CCI scores were approx-

Key points

•	 In this cross-sectional study, pa-
tients from the US and five EU 
countries with moderate/severe 
OA pain, regardless of opioid 
use, reported significant burdens 
that encompassed reductions in:

•	      Physical Functioning
•	      Greater Treatment Needs
•	      More Comorbidities
•	      Reduced HRQoL
•	      Impairments In Work Pro	

     ductivity
•	      Daily Activities
•	 The burdens were also generally 

higher among patients with cur-
rent opioid use compared with 
those without current opioid 
use, regardless of pain intensity; 
patterns were generally similar 
across US and EU cohorts.
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Table 2 Burdens in patients with hip and/or knee OA in the total population (US and EU cohorts;
intensity and opioid use

No/mild pain
without opioid use
(n = 859)

No/mild pain
with opioid use
(n = 221)

Moderate/severe pain
without opioid use
(n = 663)

Moderate/severe pain
with opioid use
(n = 427)

Physical function

Mobility limitation
(n = 2094)

432 (52.4) 149 (69.0) 498 (78.2)c 362 (87.0)c

Need for walking aid
(n = 1427)

129 (30.0) 67 (45.3) 225 (46.1)c 243 (67.3)c

Need for help with
daily activities
(n = 2059)

83 (10.2) 46 (21.4) 183 (29.3)c 197 (48.9)c

Su�ered a fall
(n = 2115)

148 (17.6) 47 (21.7) 195 (30.6)c 189 (45.3)c

Treatment needs

Use of C 3 treatment
regimens for OA
(n = 1965)

102 (13.9) 90 (40.7) 132 (22.7) 214 (50.1)c

Dissatisfaction with
treatment
(n = 1859)

40 (5.8) 22 (10.6) 144 (25.5)c 153 (38.1)c

Comorbidity (N = 2170)

Any cardiovascular
condition

421 (49.0) 151 (68.3) 379 (57.2)c 308 (72.1)c

Hypertension 388 (45.2) 142 (64.3) 355 (53.5)c 283 (66.3)c

Depression or anxiety 129 (15.0) 49 (22.2) 146 (22.0)c 147 (34.4)c

Osteoporosis 51 (5.9) 22 (10.0) 67 (10.1)c 65 (15.2)c

Chronic low back pain 52 (6.1) 25 (11.3) 85 (12.8)c 93 (21.8)c

Values are the number (%)
EU European Union,OA osteoarthritis
a Among those who reported mobility limitation
b Among those currently treated
c p\ 0.05 versus no/mild pain and no opioid use
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Fig. 2 CCI scores in patients with hip and/or knee OA by pain intensity and opioid use.0.05 versus no/mild pain
without opioid use.CCICharlson Comorbidity Index,EU European Union,OA osteoarthritis,SD standard deviation

imately two-fold higher with opioid use 
relative to no opioid use at the same sever-
ity level. Moreover, rates of depression or 
anxiety, osteoporosis, and chronic low back 
pain were more than twofold higher among 
patients with moderate/severe pain with 
current opioid use compared with those 
with no/mild pain without current opioid 
use. The majority of patients with moder-
ate/severe pain with or without opioid use 
reported suffering from a cardiovascular 
condition or hypertension. Comorbidities 
are clinically relevant because they may pre-
dispose patients to the adverse effects of 
analgesics (e.g., the gastrointestinal and/or 
cardiova cular adverse effects of opioids [15] 
and NSAIDs [32]) and may ultimately affect 
the choice of pharmacotherapy. These con-
cerns may be most important in patients ex-
periencing greater pain (because they likely 
have the highest comorbidity burden and 
require a more intensive analgesic regimen) 
and in elderly patients (because they may be 
at higher risk for treatmentrelated toxicity 
than younger patients). 

OA negatively impacts HRQoL [33–38]. Because 
HRQoL is a multidimensional concept that 
spans several domains of patient health (i.e., 
physical functioning, psychologic function-
ing, social functioning, cognitive function-
ing, and general well-being), it may be a 
useful outcome for assessing treatment ef-
fects on patients [38]. In this study, HRQoL, as 
measured by the EQ-5D-5L VAS and utility 
index, was significantly lower among pa-
tients with moderate/ severe pain with or 
without opioid use compared with those 

with no/mild pain without opioid use, and 
the differences in the EQ- 5D-5L utility index 
scores were clinically relevant, exceeding the 
estimated MID [26]. HRQoL was also lower 
among patients who used opioids versus 
those who did not. The impact on HRQoL 
observed here may have been related to 
both symptoms of OA and the untoward ef-
fects of treatment. Therefore, therapies that 
are both effective at controlling OA-related 
pain and have a low risk-benefit ratio may 
likely have the most benefit for HRQoL [38].

Previous studies have demonstrated an
association between OA and reduced work 
productivity and daily activity [37, 39–41], and 
such impairments were also reported by 
patients in this study. These impairments, 
which were measured using the WPAI:SHP, 
were associated with higher pain level and 
the use of opioids. Work productivity and 
daily activity impairments were more than 
twofold higher in patients with moderate/
severe pain with opioid use than in those 
with no/mild pain without opioid use. Im-
pairment while working due to problem 
(i.e., presenteeism) was more prevalent than 
work time missed due to problem (i.e., ab-
senteeism) and was thus the main driver of 
work impairment in this study. This finding 
is consistent with the results of other stud-
ies in OA showing that presenteeism exert-
ed more of an impact on work productivity 
than absenteeism [37, 39, 41, 42]. In this 
study, notable differences were observed 
in work impairment between the US and 
EU cohorts, especially with regard to great-
er absenteeism in the EU, possibly reflect-

Key points

•	 OA is associated with a signifi-
cant functional burden that can 
result in disability; not surpris-
ingly, the results from this study 
demonstrated greater functional 
impacts with higher pain inten-
sity. Patients with moderate/ 
severe pain were more likely 
than patients with no/mild pain 
to report impairment in physical 
function and stiffness, specific 
needs such as for a walking aid 
or help with daily activities, and 
that they suffered a fall.
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Fig. 4 WPAI:SHP scores in patients with hip and/or knee
OA by pain intensity and opioid use.Percentage of work
time missed.b Percentage o�mpairment while working.
c Percentage of overall work impairment.d Percentage of
activity impairment. Activity impairment was assessed
among all patients; work productivity was assessed among

employed patients only. p\ 0.05 versus no/mild pain
without opioid use.bAbsenteeism.cPresenteeism.EU
European Union,OA osteoarthritis,SD standard devia-
tion,WPAI:SHP Work Productivity and Activity Impair-
ment Questionnaire: Specific Health Problem

Fig. 3 EQ-5D-5L scores in patients with hip and/or knee
OA by pain intensity and opioid use.a VAS scores.
b Utility index scores. Higher scores indicate better quality
o�ife. ap\ 0.05 versus no/mild pain without opioid use.

EQ-5D-5L 5-dimension 5-level EuroQol,EU European
Union, OA osteoarthritis,SD standard deviation,VAS
visual analog scale
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ing cultural differences in the approach to 
health and disability in the workplace. Over-
all, these results underscore the pervasive 
impact of OA pain on patients’ lives, with 
disease-related burdens placing limitations 
on recreational, social, and work activities.

This study also demonstrated discrepan-
cies in opioid use for OA pain between the 
US and the five EU countries combined as 
well as between the individual EU coun-
tries. Opioids were used less frequently in 
the US than in the EU countries (23% ver-
sus 33% of patients). Among the EU coun-
tries, opioids were used most frequently in 
Spain (46%), followed by the UK (40%), 
Italy (30%), Germany (27%), and France 
(25%). Although it is not clear what factors 
contributed to these differences, they may 
have been related to regional variability in 
treatment practices, regulations for opioid 
prescriptions, and patient populations.

The major strength of this study is that patic-
ipating patients reflected the consulting OA 
population from real-world clinical practice;
however, there are limitations that should 
be considered. This study may have been 
affected by selection bias given that pa-
tients who consulted with their physician 
more frequently had a greater likelihood of 
being included in the DSP and information 
on patients not participating in the survey 
was not available. There is also an inherent 
limitation of unmeasured confounding by 
baseline demographic or disease charac-
teristics because this is a real-world study, 
and no adjustments were made for po-
tentia confounders. In addition, given the 
cross-sectional nature of the study, rela-
tionships should be considered associative 
rather thacausal. Furthermore, pairwise 
comparisons were not conducted between 
the patient groups, although current opioid 
use appeared to be associated with a high-
er burden relative to no opioid use at the 
same pain level. Recall and social desirability 
bias may have influenced the results of pa-
tient-reported outcomes, although for recall 
bias, the recall periods were generally short 
(WPAI had the longest recall at 7 days). Oth-
er limitations are the lack of information re-
lated to non-opioid analgesic use and equi-
analgesic opioid dosages (i.e., dosing of two
opioids required to produce the same an-
algesic effect). Despite these potential lim-
itations, these results are strengthened by 
the large sample size and the variety of out-
comes assessed using validated measures 

(WOMAC, CCI, EQ- 5D-5L, and WPAI:SHP) 
[22–27].

CONCLUSIONS

In this multinational cross-sectional study,
patients with moderate/severe OA pain and
those currently using opioids reported sig-
nificant burdens affecting multiple aspects 
of their lives. These results indicate that the 
impact of OA pain is multidimensional, is 
worsened by increasing pain intensity, and 
may not be adequately addressed by current 
treatment strategies.
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current opioid use. The majority 
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evant because they may pre-
dispose patients to the adverse 
effects of analgesics (e.g., the 
gastrointestinal and/or car-
diovascular adverse effects of 
opioids and NSAIDs and may 
ultimately affect the choice of 
pharmacotherapy.
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■ Ali Mobasheri, Mark Batt 

ABSTRACT :

An update on the pathophysiology of osteoarthritis

Introduction: : Osteoarthritis (OA) is one of the most common forms of arthritis. There is accumulating evidence to suggest that 
OA is an inflammatory disease of the entire synovial joint and has multiple phenotypes. This presents the OA research community 
with new challenges and opportunities. The main challenge is to understand the root cause of the disease and identify differences 
and similarities between OA phenotypes. The key opportunity is the possibility of developing personalized and individualized pre-
vention and treatment strategies for OA patients with different phenotypes of the disease. Indeed, it has been suggested that this 
is the era of ‘personalized prevention’ for OA. The aim of this mini-review paper is to focus on the pathophysiological aspects of OA 
development and progression, review the current concepts and discuss the future of personalized medicine for OA.

Methods: The PubMed/MEDLINE bibliographic database was searched using the keywords ‘pathophysiology’ and ‘osteoarthritis’.

Results: The PubMed/MEDLINE search yielded more than 12,000 relevant papers. A selection of these papers is reviewed here.

Conclusions: : There has been slow but steady progress in our understanding of the pathophysiology of OA over the last two 
decades. However, large gaps remain in our knowledge of OA pathogenesis and this impacts negatively on patients and drug de-
velopment pipeline. In the absence of new pharmaceutical agents and disease modifying osteoarthritis drugs (DMOADs) it is clear 
that lifestyle modification and physical activity are important and may delay the need for surgical intervention.

1. INTRODUCTION

Osteoarthritis (OA), also known as osteoarthrosis or dege 
erative joint disease, is a disease of synovial joints [1]. It is 

characterized by progressive deterioration and loss of articular 
cartilage with concomitant structural and functional changes in 
the entire joint, including the synovium, meniscus (in the knee), 
periarticular ligaments, and subchondral bone [2]. OA is actually 
one of the most common, costly and disabling forms of joint 
disease, being far more common than rheumatoid arthritis (RA) 
and other forms of joint disease [3]. Cohort studies have demon-
strated that after age, obesity and metabolic disease are major 
risk factors for the development of OA [4,5]. OA is now generally 
accepted to be an inflammatory and biomechanical whole-or-
gan disease that is influenced by a number of factors including 
joint shape and dysplasia [6], obesity [7], synovitis [8– 10], comple-
ment proteins [11], systemic inflammatory mediators [1,12], inflam-
maging [13,14], innate immunity [15], the low-grade inflammation 

[16] induced by metabolic syndrome [1,17] and diabetes mellitus [18]. 
However, despite the fact that all joint tissues are implicated in 
disease initiation and progression in OA, it is the articular car-
tilage component that has received the most attention in the 
context of aging, injury and disease [2]. Articular cartilage is a 
flexible and mechanically compliant connective tissue found at 
the end of long bones in articulating joints and in the interverte-
bral disc [2]. Its main function is to provide a smooth, lubricated 
surface for articulation and to facilitate the transmission of loads 
with a low frictional coefficient [19]. Throughout life, cartilage 
is continually remodeled as chondrocytes replace the degrad-
ed matrix macromolecules with newly synthesized components, 
although it is recognized that this is an exceptionally slow pro-
cess in adults; proteoglycan turnover can take up to 2 decades 
whereas the half-life of collagen is estimated to range from sev-
eral decades to more than 100 years [20–22]. Although articular 
cartilage can tolerate a tremendous amount of intensive and 
repetitive physical stress, it manifests a striking inability to heal

even a minor injury [2]. This makes joints particularly sensitive to
degenerative processes and the development of OA. The root 
cause of OA is not completely understood. However, the bio-
mechanical forces that place inappropriate levels of stress on 
the joints (e.g., excessive or abnormal load bearing, postural or 
orthopedic abnormalities, or traumatic injuries) that destabilize 
the joint are thought to interact with other environmental, sys-
temic (i.e. biochemical, metabolic) and genetic factors to con-
tribute to the pathogenesis of OA. The disease has traditionally 
been defined as a prototypical non-inflammatory arthropathy, 
but today there is compelling evidence to suggest that in addi-
tion to being a disease of biomechanics [23], it has inflammatory 
and metabolic components [1,16,24–27].

The aim of this concise review article is to provide an update on 
the pathophysiology of OA. We focus on the pathophysiology 
and pathogenesis of OA, review some of the current concepts in 
OA research and discuss the future of personalized medicine for
OA. In the absence of disease modifying OA drugs (DMOADs) 
personalized therapy should include lifestyle evaluation, physi-
cal therapy and rehabilitation. Even if structure modifying drugs 
for OA are on the horizon, it will take decades before we have 
epidemiological data on efficacy. Therefore, as we eagerly antic-
ipate the development of novel DMOADs it would be prudent to 
focus on OA prevention rather than treatment. We will set the 
scene by providing an update on the global burden of OA and 
the spiraling cost of treatment [3] before discussing the patho-
physiology of OA and the need for identifying early inflamma-
tory events and targeting these alterations [12] to ameliorate the 
major symptoms such as inflammation and pain in OA patients 
[24].
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2. The global burden of OA

OA is the leading cause of chronic disability 
globally in individuals older than 70 years 
and has been designated a ‘priority disease’ 
by the World Health Organization (WHO) 
(report WHO/ EDM/PAR/2004.71). OA is 
one of the ten most disabling diseases in 
industrialized countries. In the Global Bur-
den of Disease 2010 study, hip and knee 
OA was ranked as the 11th highest contrib-
utor to global disability [3]. The prevalence 
of OA is set to increase in parallel with the 
increase in the number of people aged 60 
years and older and the rise in obesity across 
the world. In the United States alone OA is 
the highest cause of work loss and affects 
more than 20 million individuals, costing 
the US economy greater than US$100 bil-
lion annually [28,29]. OA represents one of the 
top 5 healthcare costs in Europe [3]. In the 
United Kingdom a third of people aged 45 
and over (8.75 million people) have sought 
treatment for OA, and at least half of these 
individuals have knee OA (half of all people 
seeking treatment for OA have knee OA). 
The number of people in the UK with knee 
OA is estimated to increase to 6.5 million 
by 2020 (allowing for the increasing size of 
the aging population and the rising levels 
of overweight and obesity). In France, the 
direct and indirect costs of OA have been 
estimated by Le pen et al., in the ‘‘COART’’ 
France study [30]. The authors used a top-
down approach with nationwide data from 
2001 to 2003 and estimated the direct costs 
of OA at s1.6 billion, representing approxi-
mately 1.7% of the budget of the French 
health insurance system. The authors re-
ported a 156% increase in direct medical 
costs compared with 1993, which was re-
lated to an increase in the number of OA 
patients (+54%). In Canada 4.5 million (one 
in six) Canadians aged 15 years and older 
report having arthritis and by 2031, approx-
imately seven million Canadians (one in five) 
are expected to have arthritis. In Australia 
OA is the leading cause of chronic pain, dis-
ability and early retirement due to ill health 
and AU$2 million people live with OA; the 
annual cost of OA to health system is AU$2 
billion AUD in joint replacements for OA 
with AU$1.3 billion paid for welfare pay-
ments annually. There are no up-to-date 
estimates of the global economic cost of OA 
although a 1997 analysis of the economic 
costs of musculoskeletal disorders in the 
world’s 5 industrialized countries (Australia, 

Canada, France, United Kingdom, and Unit-
ed States), in which OA was the most com-
mon of these disorders, found a rising trend 
of costs that had, by then, reached between 
1% and 2.5% ofthe gross national product
of these countries [31]. Even if an updated re-
port of global economic burden had been 
published more recently, it would undoubt-
edly underestimate the true cost burden to 
the world’s health and social care systems.

3. Modifiable and non-modifi-
able OA risk factors

Certain factors have been shown to be as-
sociated with a greater risk of developing 
OA. According to the US Centers for Dis-
ease Control and Prevention2 and the Mayo 
Clinic3 some of these risk factors for OA 
are modifiable whereas others are not. The 
most important OA risk factors are age, gen-
der, overweight/obesity, joint trauma/sports 
injuries (and the consequent joint instability 
and muscle laxity), certain occupations that 
place repetitive stress on a particular joint, 
genetics (well beyond the scope of this re-
view), bone deformities, metabolic disease 
(i.e. diabetes), endocrine disorders and hav-
ing previously had other rheumatic diseases 
such as RA and gout. The risk of developing 
most types of arthritis increases with age 
and OA is certainly no exception [32]. Gender 
is another critical risk factor for OA. Indeed 
most types of arthritis are more common in 
women and 60% of all people with arthritis 
are women so perhaps it is not surprising 
that the female sex also represents a sig-
nificant risk factor for OA [33]. It has been 
hypothesized that leptin may be a systemic 
or local factor that mediates the metabolic 
link between obesity and OA [33]. Leptin and 
other adipocytokines (adipokines) may actu-
ally be the missing links accounting for the 
gender disparity toward the disease [34–36].

Some of the above are non-modifiable risk 
factors for the development of OA. There 
is clinical evidence to suggest that the risk 
for developing OA can be mitigated and 
reduced by weight management, avoiding 
obesity/overweight, maintaining high levels 
of mobility and avoiding sedentary lifestyles. 
The challenge will be managing comorbid-
ities (i.e. diabetes, cardiovascular diseas-
es) and mitigating the risks of joint injury. 
Some of the above are likely to influence the 
course of disease progression. Experimental 
approaches using animal models and clinical 

Key points

•	 Osteoarthritis (OA), also known 
as osteoarthrosis or degenera-
tive joint disease, is a disease of 
synovial joints. It is characterized 
by progressive deterioration 
and loss of articular cartilage 
with concomitant structural and 
functional changes in the entire 
joint, including the synovium, 
meniscus (in the knee), periartic-
ular ligaments, and subchondral 
bone.

•	 OA is actually one of the most 
common, costly and disabling 
forms of joint disease, being far 
more common than rheumatoid 
arthritis (RA) and other forms of 
joint disease.

•	 OA is now generally accepted 
to be an inflammatory and bio-
mechanical whole-organ disease 
that is influenced by a number of 
factors including:

•	 Joint Shape and Dysplasia
•	 Obesity
•	 Synovitis
•	 Complement Proteins
•	 Systemic Inflammatory Medi-

ators
•	 Inflammaging
•	 Innate Immunity
•	 The Low-Grade Inflammation
•	 Induced By Metabolic Syndrome
•	 Diabetes Mellitus
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2. The global burden of OA

OA is the leading cause of chronic disability 
globally in individuals older than 70 years 
and has been designated a ‘priority disease’ 
by the World Health Organization (WHO) 
(report WHO/ EDM/PAR/2004.71). OA is 
one of the ten most disabling diseases in 
industrialized countries. In the Global Bur-
den of Disease 2010 study, hip and knee 
OA was ranked as the 11th highest contrib-
utor to global disability [3]. The prevalence 
of OA is set to increase in parallel with the 
increase in the number of people aged 60 
years and older and the rise in obesity across 
the world. In the United States alone OA is 
the highest cause of work loss and affects 
more than 20 million individuals, costing 
the US economy greater than US$100 bil-
lion annually [28,29]. OA represents one of the 
top 5 healthcare costs in Europe [3]. In the 
United Kingdom a third of people aged 45 
and over (8.75 million people) have sought 
treatment for OA, and at least half of these 
individuals have knee OA (half of all people 
seeking treatment for OA have knee OA). 
The number of people in the UK with knee 
OA is estimated to increase to 6.5 million 
by 2020 (allowing for the increasing size of 
the aging population and the rising levels 
of overweight and obesity). In France, the 
direct and indirect costs of OA have been 
estimated by Le pen et al., in the ‘‘COART’’ 
France study [30]. The authors used a top-
down approach with nationwide data from 
2001 to 2003 and estimated the direct costs 
of OA at s1.6 billion, representing approxi-
mately 1.7% of the budget of the French 
health insurance system. The authors re-
ported a 156% increase in direct medical 
costs compared with 1993, which was re-
lated to an increase in the number of OA 
patients (+54%). In Canada 4.5 million (one 
in six) Canadians aged 15 years and older 
report having arthritis and by 2031, approx-
imately seven million Canadians (one in five) 
are expected to have arthritis. In Australia 
OA is the leading cause of chronic pain, dis-
ability and early retirement due to ill health 
and AU$2 million people live with OA; the 
annual cost of OA to health system is AU$2 
billion AUD in joint replacements for OA 
with AU$1.3 billion paid for welfare pay-
ments annually. There are no up-to-date 
estimates of the global economic cost of OA 
although a 1997 analysis of the economic 
costs of musculoskeletal disorders in the 
world’s 5 industrialized countries (Australia, 

Canada, France, United Kingdom, and Unit-
ed States), in which OA was the most com-
mon of these disorders, found a rising trend 
of costs that had, by then, reached between 
1% and 2.5% ofthe gross national product
of these countries [31]. Even if an updated re-
port of global economic burden had been 
published more recently, it would undoubt-
edly underestimate the true cost burden to 
the world’s health and social care systems.

3. Modifiable and non-modifi-
able OA risk factors

Certain factors have been shown to be as-
sociated with a greater risk of developing 
OA. According to the US Centers for Dis-
ease Control and Prevention2 and the Mayo 
Clinic3 some of these risk factors for OA 
are modifiable whereas others are not. The 
most important OA risk factors are age, gen-
der, overweight/obesity, joint trauma/sports 
injuries (and the consequent joint instability 
and muscle laxity), certain occupations that 
place repetitive stress on a particular joint, 
genetics (well beyond the scope of this re-
view), bone deformities, metabolic disease 
(i.e. diabetes), endocrine disorders and hav-
ing previously had other rheumatic diseases 
such as RA and gout. The risk of developing 
most types of arthritis increases with age 
and OA is certainly no exception [32]. Gender 
is another critical risk factor for OA. Indeed 
most types of arthritis are more common in 
women and 60% of all people with arthritis 
are women so perhaps it is not surprising 
that the female sex also represents a sig-
nificant risk factor for OA [33]. It has been 
hypothesized that leptin may be a systemic 
or local factor that mediates the metabolic 
link between obesity and OA [33]. Leptin and 
other adipocytokines (adipokines) may actu-
ally be the missing links accounting for the 
gender disparity toward the disease [34–36].

Some of the above are non-modifiable risk 
factors for the development of OA. There 
is clinical evidence to suggest that the risk 
for developing OA can be mitigated and 
reduced by weight management, avoiding 
obesity/overweight, maintaining high levels 
of mobility and avoiding sedentary lifestyles. 
The challenge will be managing comorbid-
ities (i.e. diabetes, cardiovascular diseas-
es) and mitigating the risks of joint injury. 
Some of the above are likely to influence the 
course of disease progression. Experimental 
approaches using animal models and clinical 

Key points

•	 Articular cartilage is a flexible 
and mechanically compliant 
connective tissue found at the 
end of long bones in articulat-
ing joints and in the interverte-
bral disc. Its main function is to 
provide a smooth, lubricated 
surface for articulation and to fa-
cilitate the transmission of loads 
with a low frictional coefficient.

•	 Throughout life, cartilage is con-
tinually remodeled as chondro-
cytes replace the degraded ma-
trix macromolecules with newly 
synthesized components, al-
though it is recognized that this 
is an exceptionally slow process 
in adults; proteoglycan turnover 
can take up to 2 decades where-
as the half-life of collagen is es-
timated to range from several 
decades to more than 100 years.

•	 Although articular cartilage can 
tolerate a tremendous amount 
of intensive and repetitive phys-
ical stress, it manifests a striking 
inability to heal even a minor 
injury. This makes joints partic-
ularly sensitive to degenerative 
processes and the development 
of OA. The root cause of OA is 
not completely understood.
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7.Disruption in circadian 
clocks and rhythms

The circadian rhythm is a 24-hour cycle in 
the physiological processes of all animals. 
Circadian rhythm are strictly set, tightly 
regulated and endogenously generated, al-
though they can be modulated by external 
cues such as light and dark cycles. The study
of circadian clocks and circadian rhythms 
is starting to make a significant impact on 
rheumatology, orthopedics and cartilage 
biology [48]. Studies in murine chondrocytes 
have shown that the circadian clock regu-
lates genes controlling key aspects of car-
tilage homeostasis [49]. Indeed the catabolic 
cytokines implicated in the pathophysiology 
of OA can disrupt the circadian clock and 
the expression of clock-controlled genes in 
cartilage via an NFkBdependent pathway 
[50]. The chondrocyte core clock gene and 
transcription factor BMAL1 is one of the key 
genes that controls cartilage homeostasis 
and integrity. A new study by Dudek and 
colleagues shows that BMAL1 is disrupted 
in human OA cartilage and in aged mouse 
cartilage. The authors also show that target-
ed Bmal1 ablation in murine chondrocytes 
abolishes their circadian rhythm and causes 
progressive degeneration of articular carti-
lage. The BMAL1 gene directs the circadian 
expression of many genes implicated in car-

tilage homeostasis, including those involved 
in chondrocyte apoptosis, catabolic and an-
abolic pathways. Ablation of this gene de-
creases expression of the major extracellular 
matrixrelated genes Sox9, Acan, and Co-
l2a1. This is the first study that links BMAL1 
to the maintenance and repair of articular 
cartilage. This paper suggests that circadi-
an rhythm disruption is a risk factor for the 
pathogenesis and progression of degenera-
tive joint diseases such as OA. Clock genes 
are also believed to regulate reactive oxygen
species (ROS) homeostasis and oxidative 
stress responses suggesting that disruption 
of circadian rhythms may exacerbate inflam-
maging and enhance ROS levels and oxida-
tive stress signaling in OA [51].

8. Sleep disturbance and de-
pression in OA

The relationship between OA and sleep 
might seem obvious if we focus on pain, 
which clearly is an important part of the 
equation, but recent research suggests that 
the connection goes beyond pain and OA 
symptoms. Indeed,the relationship is far 
more complex and could indeed be recip-
rocal. Rather than OA causing insomnia, the 
two conditions are thought to coexist and 
may be mechanistically linked. Parmelee et 
al. have proposed that sleep disturbance 

Key points

Osteoarthritis

Chondrosenescence

InflammagingAgeing Lifestyle  choices

Overweight/
obesity

Poor diet

Fig.  1.  The  convergence  of  aging,  obesity  and  lifestyle  choices  in  the  development  of  inflammaging  and  chondrosenescence  in  OA.

•	 The prevalence of OA is set to 
increase in parallel with the in-
crease in the number of people 
aged 60 years and older and the 
rise in obesity across the world. 
In the United States alone OA is 
the highest cause of work loss 
and affects more than 20 million 
individuals, costing the US econ-
omy greater than US$100 billion 
annually. OA represents one of 
the top 5 healthcare costs in Eu-
rope.

•	 In the United Kingdom a third of 
people aged 45 and over (8.75 
million people) have sought 
treatment for OA, and at least 
half of these individuals have 
knee OA (half of all people seek-
ing treatment for OA have knee 
OA). The number of people in 
the UK with knee OA is estimat-
ed to increase to 6.5 million by 
2020 (allowing for the increas-
ing size of the aging population 
and the rising levels of over-
weight and obesity).
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in OA is linked with pain, disability, and 
depressive symptoms [52]. Their work high-
lights the link between sleep disturbance, 
pain and disability in OA. Although this is a 
new and under-researched area, papers are 
gradually emerging to support the notion 
that lack of sleep and disease progression 
are closely linked in humans and animals 
[53]. The study by Parmelee and colleagues 
has identified a new and important point 
of intervention that may provide a new 
preventive strategy for OA-related function-
al decline among patients whose sleep is 
disrupted by OArelated pain[52]. Aside from 
sleep disturbance another potentially im-
portant factor in OA progression is depres-
sion. Depression appears to play a strong 
role in the sleep-pain linkage, particularly 
when pain is particularly severe. The unique 
predictive role of sleep in the progression of 
disability requires further study but may be 
an important point of i tervention to prevent 
OA-related functional decline among per-
sons whose sleep is disrupted by OArelated 
pain. It will be very interesting to establish 
whether drugs that can improve the quali-
ty of sleep might slow disease progression 
in cohorts of OA patients. Future work in 
this area should provide further insight into 
the inte play between circadian rhythms and 
cartilage homeostasis and may reveal new 
therapeutic targets for the treatment of OA.
On a more practical level, OA patients may 
wish to explore ways to improve their sleep 

without using sleep aids and sleep medi-
cines that can have undesired side effects. 
However, hormones such as melatonin are 
being used as a pharmacologic aid to sleep, 
especially in sleep disorders affecting circa-
dian rhythms. Interestingly, melatonin has 
anti-oxidant properties and is thought to 
modulate the pathogenesis of inflammatory
autoimmune diseases. However, we know 
nothing about the effects of melatonin on 
articular cartilage and chondrocytes. These 
suggestions and sleep strategies may seem 
trivial but they represent good common 
sense:
•	 not eating a heavy meal before bed–

eating a heavy meal before bedtime 
can disrupt sleep rhythms;

•	 not drinking heavily caffeinated bever-
ages or large quantities of alcohol be-
fore bed;

•	 not watching television and tablets in 
the bedroom before sleeping;

•	 keeping the bedroom comfortably cool 
(65–68 8F, 18–20 8C), quiet and dark 
(avoiding external light pollution).

9. Exercise and physical activi-
ty in the prevention and man-
agement of OA

According to reports published by the 
WHO,4 we live in a world where the popu-
lation is becoming increasingly overweight, 

Key points

Moderate intensity 
exercises

recommended for OA 
patients

Fig.  2.  Moderate  intensity  exercises  that  are  recommended  for  OA  patients.

•	 The risk of developing most 
types of arthritis increases with 
age and OA is certainly no ex-
ception. Gender is another crit-
ical risk factor for OA. Indeed 
most types of arthritis are more 
common in women and 60% 
of all people with arthritis are 
women so perhaps it is not sur-
prising that the female sex also 
represents a significant risk fac-
tor for OA.

•	 It has been hypothesized that 
leptin may be a systemic or local 
factor that mediates the meta-
bolic link between obesity and 
OA. Leptin and other adipocyto-
kines (adipokines) may actually 
be the missing links accounting 
for the gender disparity toward 
the disease. 
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obese and sedentary. This toxic combination 
is contributing to an increasing burden of 
long-term conditions that for most health 
services in the world is financially unsus-
tainable. Whilst obesity is a well-known risk 
factor for many chronic diseases through 
the metabolic syndrome a lack of physical 
activity is also an independent risk factor, 
as is the number of hours spent sitting or 
lying (sedentariness) [54]. Consequently, 
healthcare systems around the world are 
developing strategies trying to encourage 
health and wellness through increased lev-
els of daily physical activity. Physical activi-
ty, exercise and sport form a continuum of 
human exertion. The precise definitions are 
less important for a public health message, 
which should encourage more people to be 
more active more of the time. Nonetheless 
it is appreciated that some of these activities 
can potentially result in joint damage, injury 
and OA. In this section we summarize the 
existing data and current opinion.

Physical activity is essential for optimal 
health. It is acknowledged that increasing 
physical activity and reducing sedentary 
hours would go a long way to preserving 
health (physical and mental) and preventing 
increasing burden of long-term conditions. 
Moreover, it is recognized that physical ac-
tivity may be used as treatment for several 

chronic diseases whose etiology includes 
poor lifestyle choices. Globally there is an 
understanding that physical activity and 
exercise are beneficial with much data to 
support its prescription, however, the exact 
prescription program is yet to be found. This 
is fundamental as most healthcare systems
around the world have shrinking resources 
and thus it is important to define a commis-
sionable product with known effectiveness.
There is increasing appreciation of a dichot-
omy in the effects of exercise and sport on 
the health of the musculoskeletal system 
and particularly joints. Non-elite or rec-
reational activities typically confer health 
benefits. A number of moderate intensity 
exercises are actually recommended for OA 
patients (Fig. 2).

Conversely, participation in elite level activ-
ities, particularly contact or collision sports, 
which are associated with injury, are more 
associated with post-traumatic OA [55,56]. 

There is increasingly good evidence that 
recreational running, as an example of a 
non-contact/collision activity, is not associ-
ated with an increased prevalence or pro-
gression of knee OA [57,58]. These studies 
suggest that long-distance running among 
healthy older individuals is not associated 
with accelerated radiographic OA. In fact, 
long-distance running might even have a 

Key points

Vigorou s inte nsity  
exercises that are  not 
suitable  for  patients 
with established  OA

Fig.  3.  Vigorous  intensity  exercises  that  are  not  suitable  for  patients  with  established  OA.

•	 The relationship between OA 
and sleep might seem obvious if 
we focus on pain, which clear-
ly is an important part of the 
equation, but recent research 
suggests that the connection 
goes beyond pain and OA symp-
toms. Indeed, the relationship is 
far more complex and could in-
deed be reciprocal. Rather than 
OA causing insomnia, the two 
conditions are thought to coex-
ist and may be mechanistically 
linked.
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protective effect against joint degeneration. 
However, a number of vigorous intensity ex-
ercises may not be suitable for patients with
established OA (Fig. 3).

Another important issue that is worthy of 
discussion is the effect of acute injury on 
lower limbs and the risk of OA develop-
ment. The order of prevalence of lower limb 
OA is typically knee, hip and lastly foot and 
ankle. However, the association with OA in 
these joints is almost reverse when one con-
siders injury as a key etiological factor – it is 
the ankle that ranks first with nearly 80% 
of ankle OA being post-traumatic in origin. 
However, unlike the knee there is a signif-
icant latency between injury and onset of 
symptomatic ankle OA [59,60]. Thus for ce tain 
joints injury is the primary risk factor for the 
subsequent development of OA, although 
the mechanisms have yet to be fully eluci-
dated. It is also appreciated that injury with-
in a given ‘node’ of the kinetic chain can 
predispose to injury elsewhere – so that an 
incompletely rehabilitated ankle sprain may 
act as a precursor to a subsequent knee in-
jury.

Reviewing the risks and benefits of phys-
ical activity and overall musculoskeletal 
health and OA is beyond the scope of a 
commissioned article entitled:‘‘Pathophysi-
ology of Osteoarthritis’’. However, there is 
an increasing body of evidence to suggest 
that physical activity is essential for cardio-
vascular, metabolic,musculoskeletal and 
mental health. A recent systematic review 
of exercise for knee OA extracted data from 
54 studies to provide high-quality evidence 
to indicate that land-based therapeutic ex-
ercise provides benefits for patients [61]. The 
study reports that short-term benefits were 
sustained for at least two to six months af-
ter cessation of formal treatment in terms 
of reduced knee pain. There was moder-
ate-quality evidence shows improvement in 
physical function among people with knee 
OA. Interestingly, since the participants 
in the trials that were included in this sys-
tematic review were aware of the nature of 
their treatment, this may have contributed 
to their improvement. Another recent sys-
tematic review has evaluated the effects of 
aquatic exercise for people with knee or hip 
OA. The study provides moderate quality ev-
idence that aquatic exercise may have small, 
short-term, and clinically relevant effects on 
patient-reported pain, disability, and quality
of life in people with knee and hip OA [62]. 

Promoting and encouraging physical activi-
ty in older adults at risk for developing OA 
is important and has been shown to be as-
sociated with maintained physical function 
mediated by muscle strength [63]. Positive 
effects have been reported across a wide 
range of physical activities, including one of 
the simplest forms of exercise: walking. A 
positive effect has also been associated with 
more daily walking plus intensive diet and 
exercise among adults with painful knee OA 
[64,65]. This positive effect may be an import-
ant psychological factor to consider for pro-
moting physical activity among people with 
painful knee OA.

10. Conclusions

It has been over a decade since Wim van 
den Berg and Johanne Martel-Pelletier pub-
lished short papers on the ‘‘Pathophysiology 
of osteoarthritis’’ [66,67]. Knowledge of the 
pathophysiology of OA is rapidly expanding. 
Recently published reviews on OA suggest 
that the disorder is complex and multifac-
torial, with numerous genetic, biological, 
and biomechanical components [68]. OA is 
now viewedas an inflammatory disease with 
multiple phenotypes [32]. This presents the 
OA research community with new challeng-
es and opportunities. The key challenge is 
identifying the differences and similarities 
between the phenotypes. The main oppor-
tunity is the possibility of developing per-
sonalized and individualized prevention and 
treatment strategies for OA patients with 
different forms of the disease [69,70]. Chron-
ic, low-grade inflammation in OA is now 
known to contribute to symptoms and dis-
ease progression and multiple mediators are 
emerging as regulators of this process [12]. 
However, in the absence of new pharma-
ceutical agents and disease modifying os-
teoarthritis drugs (DMOADs) it is clear that 
lifestyle modification and physical activity 
are important and may delay the need for 
surgical intervention. This concept should be
especially relevant to the Annals of Physical 
and Rehabilitation Medicine and the readers 
of this Special Issue on ‘‘Osteoarthritis’’.
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•	 the effects of melatonin on artic-
ular cartilage and chondrocytes. 
These suggestions and sleep 
strategies may seem trivial but 
they represent good common 
sense:
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Diagnosis and Clinical Presentation of Osteoarthritis
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KEY POINTS :
•	 Osteoarthritis (OA) has a marked variability of clinical presentation and prognosis.
•	 OA targets specific joints (eg, knees, hips, finger IPJs, thumb bases, first metatarsopha- langeal joints, and spinal facet joints).
•	 Frequent symptoms and signs include usage-related joint pain, morning-related or inactivity-related stiffness of short duration, 

locomotor restriction, coarse crepitus, bony enlargement, and joint-line tenderness.
•	 Rest pain, night pain, and deformity suggest severe OA.
•	 Painful periarticular soft tissue disorders frequently coexist with knee, hip, and first meta- tarsophalangeal OA.
•	 The diagnosis of OA may be reached without any laboratory or radiographic investigations in the at-risk population in the 

presence of typical signs and symptoms.
•	 Associated calcium pyrophosphate and basic calcium phosphate crystal deposition is common, especially in the elderly, and 

may be associated with inflammatory symptoms and signs.

1. INTRODUCTION

Osteoarthritis (OA) is a condition of synovial joints that 
represents failed repair of joint damage that results from 

stresses that may be initiated by an abnormality in any of the 
synovial joint tissues.1 OA may be localized to 1 joint, to a few 
joints, or be general- ized.1 It is the commonest arthropathy, 
and presents with joint pain, locomotor restric- tion, and varying 
degrees of functional impairment.2,3 It has a marked variability 
of phenotypic expression. The age of onset, pattern of joint in-
volvement, and rate of progression vary from person to person 
and from site to site. For example, OA may be an asymptomatic 
incidental finding on clinical or radiographic examination, or be 
a progressive, painful, and disabling disorder at different joints 
in the same person. Thus there is an imperfect overlap between 
the disease OA (structural changes visu- alized on imaging) and 
the illness OA (patients’ reported symptoms).1 This article de-
scribes the clinical features of OA with an emphasis on symp-
toms and signs at the key target sites.

CLINICAL FEATURES

Pain, stiffness, and locomotor restriction are the main symptoms 
of OA (Table 1).3 Other symptoms include crepitus, joint defor-
mity, or joint swelling (caused by bony remodeling, excessive 
osteophytosis, or joint subluxation). These symptoms typically 
begin in just 1 or a few joints in a person of middle or older age. 
Pain worse with joint use and relieved by rest (usage or mechan-
ical pain) is often the most troublesome symptom. The origin of 
pain in OA is not completely understood. Pain may arise from 
the nociceptive fibers and mechanoreceptors in the synovium, 
subchondral bone, periosteum, capsule, tendons, or ligaments. 
Pain in large joint OA (eg, knee or hip) is also thought to arise 
from bone marrow lesions, and synovitis/ effusion by stimulation 
of nociceptive fibers and intra-articular hypertension, respec-
tively,4,5 and a similar mechanism may also operate in the small 
joints. However, hyaline cartilage is aneural, and is not a source 
of pain in OA. Whatever its source, both central and peripheral 
sensitization perpetuate and amplify pain in OA. Pain general-
ly progresses through 3 stages (Table 2).6 However, pain pro-

gression may be arrested at any stage, and not all patients go 
through 3 distinct stages.

Temporal and seasonal variations in OA pain have been report-
ed as for other arthropathies. Pain in OA is reported to be worst 
on waking up in the morning, with an improvement in the next 
2 hours.7 It then worsens in the late afternoon/early evening to 
again reduce later in the evening.7 However, night pain can be 
present in OA, which interferes with sleep and leads to fatigue, 
lack of well-being, and increased pain sensitivity. Such non-
usage night pain is thought to arise largely from the subchon- 
dral bone. In some people, the pain has a burning (neuropathic) 
quality, is widespread around the joint, and associates with ten-
derness and paresthesiae.6 Such features also suggest comorbid 
fibromyalgia, another common pain syndrome in older people.

Painful periarticular soft tissue lesions may coexist with large 
joint OA8 (eg, pes- anserine bursitis, greater trochanter pain syn-
drome) and it may be difficult to identify the cause of the pain. 
One solution to this problem is to ask the patient to point to 
the most painful area and then to map out the area that feels 
uncomfortable. Periarticular soft tissue lesions cause localized 
pain away from the joint line, whereas OA pain more commonly 
is most severe over the joint line except for proximal joints (hip, 
shoulder), which may have the maximal site of pain distal to the 
originating joint (radiated pain).

Stiffness is also common in OA. Stiffness may be thought of as a 
difficulty or discomfort during movement caused by a perceived 
inflexibility of the joint. Stiffness is usually most noticeable early 
in the morning, but may also occur later in the day, typically af-
ter periods of inactivity. Early morning stiffness is present both in 
classic inflammatory arthritis (eg, rheumatoid arthritis [RA]), and 
in OA. It can be considered an inflammatory symptom when 
prolonged and present for at least 30 minutes before maximal 
improvement. The morning stiffness in OA is typically short lived 
(usually a few minutes, but in general <30 minutes). Short-lived 
stiffness (gelling) may also be brought on by inactivity. In pa
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tients with OA, both morning and inactivi-
ty-related stiffness quickly improve and re-
solve with joint use, whereas the joint pain 
subse- quently worsens with continued use.

Locomotor restriction and the resulting 
functional impairment depend on the site 
and severity of OA. For example, first carp 
metacarpal joint (CMCJ) OA may cause 
difficulty in gripping, whereas knee or hip 
OA may impair the ability to get up from a 
chair and walk. The resulting participation 
restriction depends on the individual’s daily 
activities and occupational/recreational re-
quirements.

The main physical signs of OA are coarse 
crepitus, joint-line tenderness, bony swell-
ing, deformity, and reduced range of move-

ment.
Crepitus is a coarse crunching sensation or 
sound caused by friction between damaged 
articular cartilage and/or the bone. It may 
be more prominent during active movement 
than during passive movement during phys-
ical examination. It is often present through-
out the range of movement.9 Crepitus may 
be exacerbated by stress- ing the joint sur-
faces (eg, patellofemoral joint [PFJ] crepitus 
is increased by applying downward pressure 
on the patella with the examining hand 
during knee flexion).10 Transmitted crepitus 
(felt on the adjacent periarticular bone) sug-
gests a full- thickness cartilage defect on the 
affected side.10

Tenderness in and around the joint is com-
mon in OA. Joint-line tenderness suggests

Table 1
Principal manifestations of OA

Symptoms

emitatastniojwefot1stceffayllausUniaptnioJ
Insidious onset: slow progression over months to years
Variable intensity throughout the day and the week
May be intermittent and relapsing
Increased by joint use and impact
Relieved by rest
Night pain may occur in severe OA

ssenffitsgninromylrae)nim03<(devil-trohSssenffitS
Short-lived inactivity-related sti�ness (gelling)

ro/dnagnillewshtiwtneserpstneitap)AOladon,ge(emoSgnillewS
deformity

y04>egA a

Constitutional symptoms
(eg, weight loss, sweats, fever)

Absent

Signs

ynobyllausu(gnillewSecnaraeppA �uid/soft tissue)
Resting position (attitude)
Deformity
Muscle wasting (global: all muscles acting over the joint)

Feel Absence of warmth
Swelling: bony or e�usion
E�usion if present is usually small and cool
Joint-line tenderness
Periarticular tenderness (especially knee, hip)

Movement Coarse crepitus b

Reduced range of movement
Weak local muscles

a Major joint injury and certain rare conditions may predispose to OA before the age of 40 years.
b Audible crepitus may be a symptom of knee OA.

Adapted from Abhishek A, Doherty M. Disease diagnosis and clinical presentation. In: Henrotin Y,
Hunter DJ, Kawaguchi H, editors. OARSI Online Primer. OARSI; 2011.
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One solution to this problem is 
to ask the patient to point to the 
most painful area and then to 
map out the area that feels un-
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Table 2
Stages of pain in OA

Stage 1
(Early)

Predictable sharp pain, usually brought on by a mechanical insult that
eventually limits high-impact activities. There may only be a minimal e�ect
on function.

Stage 2
(Mild-moderate)

Pain becomes a more regular feature, and begins to a�ect daily activities.
There may be unpredictable episodes of sti�ness.

Stage 3
(Advanced)

Constant dull/aching pain, punctuated by short episodes of often
unpredictable intense, exhausting pain that results in severe functional
limitations.

 an articular disorder, whereas tenderness 
away from the joint line suggests a periartic-
ular soft tissue disorder. Both joint-line and 
periarticular tenderness may be present si-
multaneously because of a high frequency 
of periarticular soft tissue disorders near 
joints with OA. Reduced range of move-
ment (equal for both active and passive 
movements) mainly results from marginal 
osteophytosis and capsular thickening, but 
synovial hyperplasia and effusion also con-
tribute. Fixed flexion deformities (the inabil-
ity to fully extend the joint) occurs at the 
knees, hips, or elbows in advanced severe 
OA. Bony swelling, which may be evident in 
both small (eg, IPJ, first metatar- sophalan-
geal) and large (eg, knee) joint OA, occurs 
because of a combination of bony remodel-
ing, marginal osteophytosis, and joint sub-
luxation. Deformity and instability are signs 
of marked joint damage. Muscle wasting 
suggests advanced OA.

HOLISTIC ASSESSMENT

Patients with OA should be assessed in a ta 
geted manner for depression, sleep depri- 
vation, hyperalgesia, central sensitization, 
and catastrophization.11–14 Each of these 
has the potential to increase the pain sev-
er ty. An attempt must similarly be made to 
assess the presence of joint pain at other 
sites as it increases pain severity at the index 
joint.15 Mobility assessment and neuromu 
cular examination should be per- formed 
for patients with suspected hip or knee OA 
because these both associate with muscle 
weakness, impaired joint position sense, 
and falls.16 The risk of falls may be further 
increased by postural hypotension, visual or 
vestibular impairment, and polypharmacy, 
which are common in the elderly. Fibro-

myalgia is another common comorbidity in 
the elderly and should be considered and 
sought (by examination for widespread hy-
peralgesic tender sites) in anyone present-
ing with musculoskeletal pain, especially if 
they report nonrestorative or nonrefreshing 
sleep. Adverse risk factors (Box 1) should be 
sought and considered in the management 
plan. In addition, illness perceptions regard-
ing joint pain and OA should be explored 
and discussed with the patient because 
these may influence treatment adherence 
and outcome.17

ROLE OF INVESTIGATIONS

OA is a clinical diagnosis. It may be diag-
nosed without recourse to laboratory or 
radio-graphic investigations in the presence 
of typical symptoms and signs in the at-risk 
age group.2,22,23 Peripheral joint OA may be 
diagnosed confidently on clinical grounds
alone if there is:
•	 Persistent usage-related joint pain in 1 

or a few joints
•	 Age 45 years
•	 Only brief morning stiffness (30 min-

utes).2

Other features listed in Table 1 add to the 
diagnostic certainty.2 This approach to a 
clinical diagnosis of OA is supported by the 
poor correlation between radiographi- cal-
ly assessed structural changes and symp-
toms in OA.24 The American College of 
Rheumatology (ACR) clinical classification 
criteria for knee, hip, and hand OA have a 
high sensitivity, and at least a moderate to 
high specificity for discriminating OA from 
other rheumatic conditions in a hospital 
setting.9,25,26 However, the ACR criteria are 
not diagnostic, and failure to meet the clas-

•	 Pain, stiffness, and locomotor re-
striction are the main symptoms 
of OA. Other symptoms include:

•	 Crepitus
•	 Joint deformity or joint swelling 

caused by-
	 o Bony remodeling
	 o Excessive osteophytosis
	 o Joint subluxation
•	 These symptoms typically begin 

in just 1 or a few joints in a per-
son of middle or older age. Pain 
worse with joint use and relieved 
by rest (usage or mechanical 
pain) is often the most trouble-
some symptom. The origin of 
pain in OA is not completely un-
derstood.

•	 Pain may arise from the nocicep-
tive fibers and mechanorecep-
tors in the synovium, subchon-
dral bone, periosteum, capsule, 
tendons, or ligaments. Pain in 
large joint OA (eg, knee or hip) is 
also thought to arise from bone 
marrow lesions, and synovitis/ 
effusion by stimulation of noci-
ceptive fibers and intra-articular 
hypertension, respectively, and a 
similar mechanism may also op-
erate in the small joints.
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sification criteria does not exclude OA. They 
also have a low sensitivity and specificity for 
classifying mild-moderate OA in the com-
munity setting.27 However, appropriate im-
aging and laboratory assessments should be 
performed:
•	 In younger individuals (ie, <45 years in 

age) in the absence of preceding major
       joint trauma,
•	 If symptoms and signs are atypical; for 

example, not usual target sites for OA,
       symptoms and signs of significant joint   	
        inflammation, marked rest and/or night
       pain, rapidly progressive pain,
•	 If there is weight loss or constitutional 

upset,
•	 If there is true locking at the knee, 

which suggests additional mechanical
       derangement.

Inflammatory markers (C-reactive protein, 
erythrocyte sedimentation rate, plasma 
viscosity) are normal or only minimally in-
creased in OA, and may be useful in ex-
cluding other diagnoses. Radiographic ex-
amination may be used to support a clinical 
diagnosis of OA. However, patients with a 
clinically robust diagnosis of OA may have 
normal radiographs, and vice versa. Thus, ra-
diographic examination should not be used 
to establish a diagnosis of OA by itself, and 
neither should a normal plain radiograph 
be used to refute a clinical diagnosis of OA; 
86% of middle-aged community-dwelling 

residents (mean age 45 years) with knee 
pain for more than 3 months develop ra-
diographic knee OA over the next 12 years, 
suggesting that knee pain may be the first 
sign of OA.28 However, such patients should 
be examined carefully to exclude any other 
cause of joint pain, such as periarticular soft 
tissue lesions, before arriving at a diagnosis 
of OA and more sensitive examination of 
the joint (eg, ultrasound or magnetic res-
onance imaging) may be warranted. How-
ever, radiographic examination may have 
a role in defining the prognosis of patients 
with OA. In a prospective study of more 
than 1507 patients with knee OA, those 
with more severe joint space narrowing at 
baseline progressed more rapidly to com-
plete joint space loss over time than those 
with no joint space narrowing at baseline.29 
Global OA severity had a similar but smaller 
role.29 In summary, OA may be diagnosed 
on clinical grounds alone in the at-risk pop-
ulation, with radiographs being used more 
for prognostic than diagnostic purposes.

Synovial fluid examination is not routinely 
required to support a diagnosis of OA. How-
ever, joint aspiration and synovial fluid anal-
ysis are indicated if there is a suspicion of 
coexistent crystal deposition. Both monsodi-
um urate and calcium pyrophosphate (CPP) 
crystal deposition (CPPD) associate with OA 
and may cause acute synovitis or     more 

Box 1
Risk factors for poor prognosis in OA

Age

Obesity

Knee malalignment (varus-valgus), hindfoot malalignment

Lower limb length inequality ( 1–2 cm)

Presence of OA in multiple joints (eg, generalized OA [GOA])

Excess or no joint use

Muscle wasting and weakness

Joint laxity

Poor mental health, lack of self-e�cacy, and poor social support (for worsening symptoms
only)

Data from Refs. 18–21
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•	 OA is a complex condition and 
that disease onset may be trig-
gered by pathology in multiple 
tissues. Therefore, there is no 
single drug that can be used 
for the treatment of all OA pa-
tients. A drug that inhibits the 
structural disease progression of 
OA with symptomatic relief was 
defined as a disease modifying 
osteoarthritis drug (DMOAD).

•	 Fibroblast growth factor 18 
(FGF-18) binds to its receptor in 
cartilage and stimulates chon-
drogenesis and cartilage matrix 
production. Sprifermin is a syn-
thetic form of human FGF-18. A 
randomized, double-blind, pla-
cebo-controlled, proof-of-con-
cepttrial was conducted in 180 
patients with symptomatic knee 
OA.



Fig. 1. Joints targeted by OA. ( Reproduced from Abhishek A, Doherty M. Disease diagnosis
and clinical presentation. In: Henrotin Y, Hunter DJ, Kawaguchi H, editors. OARSI Online
Primer. OARSI; 2011; with permission.)

Key points chronic inflammation in OA joints. Commu-
nity-based studies suggest that coexistent 
self-reported gout and OA of the knee and 
hip occur in 1.1% and 0.8% of patients 
older than 25 years, respectively,30 whereas 
coexistent knee chondrocalcinosis (a mark-
er of CPPD) and knee OA occur in 2.4% of 
patients older than 40 years.31 Basic calcium 
phosphate (BCP) crystal deposition is also 
common in OA but requires sophisticated 
techniques (eg, scanning electron microsco-
py) for accurate identification, and its pres-
ence is not sought routinely.

DISTRIBUTION OF JOINTS AFFECTED BY 
OA

OA can affect any synovial joint. Howev-
er, it targets the knees, hips, first CMCJs, 
finger IPJs, first metatarsophalangeal (bun-
ion) joints (first metatarsophalangeal joints 
[MTPJs]) and apophyseal (facet) joints of the 
lower cervical and lower lumbar spine (Fig. 
1).32

CLASSIFICATION

OA can be classified according to the nu 
ber of affected joints, presumed cause, age 
of onset, radiographic appearance (hypertr 
phic vs atrophic), presence of calcium crys-
tals, and rate of progression. Several classif 
cation systems have been proposed. Each 
has its own strengths and weaknesses. We 
present a simplified system adapted from 
the original ACR classification9 and that is 
possibly better suited for clinical use (Box 2).

GOA

Although it was recognized earlier, Kellgren 
and Moore33 described a polyarticular sub-
set of OA particularly involving the distal 
IPJs (DIPJs), thumb bases (first CMCJs and 
trapezioscaphoid joints), first MTPJs, facet 
joints, knees, and hips, and coined the term 
GOA for this subset. GOA is characterized 
by a slow accumulation of multiple joint i 
volvement (compared with RA, which us 
ally affects multiple joints synchronously). 
Symptoms usually commence in the hand 

•	 Stiffness is also common in OA. 
Stiffness may be thought of as 
a difficulty or discomfort during 
movement caused by a per-
ceived inflexibility of the joint. 
Stiffness is usually most notice-
able early in the morning, but 
may also occur later in the day, 
typically after periods of inac-
tivity. Early morning stiffness is 
present both in classic inflam-
matory arthritis (eg, rheumatoid 
arthritis [RA]), and in OA.

•	 It can be considered an inflam-
matory symptom when pro-
longed and present for at least 
30 minutes before maximal im-
provement. The morning stiff-
ness in OA is typically short lived 
(usually a few minutes, but in 
general &lt;30 minutes).

•	 Short-lived stiffness (gelling) may 
also be brought on by inactivity. 
In patients with OA, both morn-
ing and inactivity-related stiff-
ness quickly improve and resolve 
with joint use, whereas the joint 
pain subsequently worsens with 
continued use.
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Box 2
Simpli�ed clinical approach to identifying OA subsets

1. Number o�oints involved

a. Localized: 1–2 joint regions involved only (specify location)

b. GOA: 3 joint regions involved, with spine/hands being one of the regions a�ected
(nodal GOA if nodes present)

2. Classic or atypical OA (atypical OA: unusual distribution, young age of onset [<45 years],
rapid progression)

Causes of atypical OA include:

a. Prior trauma (common): mainly monoarticular or oligoarticular OA, young onset, often with
a clear history o�njury

b. Dysplasia:

i. Localized (eg, hip): childhood or young adult onset

ii. Polyarticular (eg, spondyloepiphysial dysplasia): young onset, short stature, morphologic
features, and a positive family history may be present

c. Childhood arthropathy or derangement: eg, juvenile idiopathic arthritis, Perthes disease
and slipped femoral epiphysis of hip, septic arthritis

d. Metabolic or endocrine diseases: eg, hemochromatosis, which mainly targets
metacarpophalangeal joints (MCPJs), wrists, hips, and may be of young onset, mainly in
men; acromegaly, which has typical signs of OA with little restriction in movements,
hypermobility

e. Late avascular necrosis: predominantly hips, shoulders, and knees, more rapid progression,
risk factors present (eg, steroid use)

f. Neuropathic joints: rapid clinical progression, marked joint disorganization

i. Hindfoot, midfoot: diabetes mellitus

ii. Shoulders, elbows, wrists: syringomyelia

g. Apatite-associated destructive arthritis: old age, rapid progression; targets hips, knees, and
shoulders

3. Clinical joint in�ammation: usually absent; if present, consider:

a. Crystal deposition: CPPD and gout (OA encourages deposition of both crystal types)

b. Coexistent in�ammatory arthritis: eg, RA, seronegative spondyloarthropathy

c. Erosive OA: targets hand IPJs

Modi�ed from Abhishek A, Doherty M. Disease diagnosis and clinical presentation. In: Henro-
tin Y, Hunter DJ, Kawaguchi H, editors. OARSI Online Primer. OARSI; 2011.
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Key points
joints around middle age and affect the 
knees and other joints over the next few 
decades. The clinical marker for GOA is 
the presence of multiple Heberden nodes, 
which are po terolateral hard swellings of 
the DIPJs, associated with underlying OA.33 
Heberden nodes are often accompanied 
by less well-defined posterolateral swell-
ings of the proximal IPJs (PIPJs): so-called 
Bouchard nodes. A form of GOA showing 
identical joint targeting was subsequent-
ly identified in patients without Heberden 
nodes,34 which led to GOA being classified 
as nodal and non-nodal forms,34 the former 
being more common in women, and the 
latter mainly occurring in men.35 There is no 
universal definition of the number of joints 
that must be affected before an individual 
can be diagnosed as having GOA. Howev-
er, guidance from ACR and The Eropean 
League Against Rheumatism suggests that 
GOA is present if there is OA at the spine or 
hand, and in at least 2 other joint regions.9,23

CLINICAL FEATURES AT THE MAIN SYMP-
TOMATIC SITES

Hands
Hand OA is usually bilaterally symmetric.23,26 
Symptoms affect just 1 or a few joints at 
a time.23 Symptoms are often intermittent 
and occur at the target sites, namely DIP-
Js (w50%), thumb bases (w35%), PIPJs 
(w20%), and MCPJs (w10%), in descending
order of frequency.23,36 Individuals without 
pain may report a dull ache or stiffness.26 
The symptoms of hand OA deteriorate in 
half the patients over the next 6 years.37 The
predictors of a worse clinical outcome in-
clude a high level of functional impairment 
at baseline and a greater number of painful 
joints, with no correlation between clinical
change and radiographic progression.37

Nodal OA
Heberden and/or Bouchard nodes plus 
underlying IPJ OA (defined clinically and/
or radiologically) constitutes nodal OA.23 It 
affects women more frequently than men, 
and familial predisposition is recognized. 
Symptoms usually start in middle age, often
around the menopause, with pain, tender-
ness, and stiffness of 1 or a few DIPJs in the
hands. There may be warmth and soft tis-
sue swelling at the start. Over a period of 
months or years, involved IPJs usually be-
come less painful and signs of inflammation
subside, leaving behind firm to hard bony 

swellings on the posterolateral aspect of the
IPJs, termed Heberden (DIPJ) and Bouchard 
(PIPJ) nodes (Fig. 2). Over the next decade 
or so, other IPJs go through the same pro-
cess, in a monoarthritis multiplex manner. 
Established DIPJ (or PIPJ) nodes sometimes 
coalesce to form a single dorsal bar (see Fig. 
2). In addition to bony swelling, the affect-
ed IPJs commonly deviate laterally (radial 
or ulnar, with most deviations pointing to-
ward the middle finger) and have reduced 
range of movement. Lateral deviation at the 
IPJs without IPJ instability is a characteristic 
feature of nodal OA (Fig. 3). Nodal OA is 
most common at the index and middle fin-
gers.26 Fully evolved nodes are not painful, 
and usually associate with a good long-term 
functional outcome. However, some pa-
tients are concerned by the cosmetic aspect 
of these deformities.

The thumb base, comprising the first CMCJ 
and trapezioscaphoid joint, is another tar-
get site for OA. Thumb base OA presents 
with pain on joint use at the thumb base 
area with some distal and proximal radia-
tion. There may be radial subluxation of the 
metacarpal base or adduction at the thumb 
base, giving it a swollen, squared appear-
ance (Fig. 4).23,26 Unlike IPJ OA, thumb base 
OA associates with persistent symptoms 
and with greater functional impairment (oc-
casionally requiring surgery), so the progno-
sis is generally worse.

OA mainly targets the second, third, and 
first MCPJs, in descending order of frequen-
cy, often causing bony enlargement without 
signs or symptoms of synovitis.36 Isolated 
MCPJ OA sometimes occurs in elderly peo-
ple who have had physically demanding oc-
cupations (Missouri arthritis).38 Widespread 
MCPJ changes, especially with wrist ar-
thropathy or chondrocalcinosis, suggest the 
possibility of hemochromatosis.

Erosive OA
Erosive OA is an aggressive subset of hand 
OA. It presents with subacute or insidious 
onset of pain, stiffness, soft tissue swell-
ing, and sometimes paresthesia affecting 
multiple IPJs (synchronous polyarticular 
onset).23,39 Pain, tenderness, inflammation 
(warmth, soft tissue swelling, sometimes 
erythema) are more marked and prolonged
compared with nodal hand OA39,40 and there 
is no association with GOA. Erosive OA usu-
ally spares the thumb base and MCPJs23 and 

•	 Locomotor restriction and the 
resulting functional impairment 
depend on the site and severity 
of OA. For example, first carp 
metacarpal joint (CMCJ) OA 
may cause difficulty in gripping, 
whereas knee or hip OA may 
impair the ability to get up from 
a chair and walk. The resulting 
participation restriction depends 
on the individual’s daily activities 
and occupational/recreational 
requirements.
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Fig. 3. Heberden nodes and lateral deviation of IPJs in nodal OA.

Fig. 2. (A ) Heberden nodes appearing as discrete posterolateral swelling over the DIPJs, and
(B) coalescing to form a single dorsal bar.
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Key points targets DIPJs more commonly than PIPJs 
(Fig. 5).40 Lateral instability and ankylosis at 
the IPJs are uncommon but characteristic 
clinical findings in erosive OA (Fig. 6). There 
may rarely be an operaglass deformity,40 
and Heberden, and/or Bouchard nodes may 
coexist.41 Erosive OA is defined radiograph-
ically by subchondral erosion, cortical de-
struction, marked bone and cartilage attri-
tion, and subsequent reparative change that 
may include bony ankylosis. It has a worse 
outcome in terms of symptom persistence 
and functional impairment than nonerosive 
hand OA.23 Although erosive OA as a clini-
cal entity is rare, radiographic erosions are 
present in 1 or a few joints in up to 8.5% of 
patients with symptomatic hand OA.42 The 
differential diagnosis for hand OA is wide, 
and includes:
•	 Psoriatic arthritis: targets DIPJs or af-

fects just 1 ray
•	 RA: targets wrists, MCPJs, PIPJs
•	 Gout: may be superimposed on preex-

isting hand OA
•	 Hemochromatosis: mainly targets 

MCPJs, and wrists23

OA at Other Upper Limb Joints
OA may be present in the other upper limb 
joints, especially in the presence of occup 
tional risk factors. For example, people with 

mechanically demanding jobs can develop 
elbow, shoulder, wrist, and acromioclavic 
lar joint OA. Shoulder (glenohumeral joint) 
OA may also be a consequence of, or ass 
ciate with, rotator cuff tear. The symptom at 
these joints is as for OA in other joints (see 
Table 1) and is most commonly unilateral.

Knee
The knee is an important target site for OA. 
Knee OA alone is the commonest cause of 
lower limb disability in elderly people. It is 
usually bilateral, although symptoms may be
more pronounced on 1 side. Unilateral knee 
OA is more common in young men, and is 
often caused by prior knee injury or surgery. 
Most patients with knee OA have medial 
compartment tibiofemoral joint (TFJ) OA, 
PFJ OA, or a combination of both.43,44

Knee joint pain is felt anteriorly and the 
lcation and pattern of pain indicate the af-
fected compartment(s). Pain is anteromedial 
in medial compartment TFJ OA, and anteri-
or and behind the patella in PFJ OA.45 Pain 
from PFJ OA is typically worsened by pro-
longed sitting, standing up from low chairs, 
and climbing stairs or inclines (coming down 
often being more painful than going up). 
Generalized knee pain with distal radiation 
suggests moderate to severe knee OA.46 Per-

Fig. 4. Thumb base OA: squaring of the thumb base, caused by osteophytosis and subluxa-
tion at the �rst carpometacarpal joint.

•	 The main physical signs of OA 
are:

	 o Coarse crepitus
	 o Joint-line tenderness
	 o Bony swelling
	 o Deformity
	 o Reduced range of move	
	 ment
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Fig. 5. Erosive OA: marked radial deviation and �xed �exion deformity in the left middle
PIPJ, radial deviation with restriction in the index PIPJ, and bony swelling of both �ngers.
Note the absence of Heberden nodes. ( Reproduced from Abhishek A, Doherty M. Disease
diagnosis and clinical presentation. In: Henrotin Y, Hunter DJ, Kawaguchi H, editors. OARSI
Online Primer. OARSI; 2011; with permission.)

Fig. 6. Erosive OA: marked radial/ulnar instability. Such instability does not usually occur
with the common hand OA. ( Reproduced from Abhishek A, Doherty M. Disease diagnosis
and clinical presentation. In: Henrotin Y, Hunter DJ, Kawaguchi H, editors. OARSI Online
Primer. OARSI; 2011; with permission.)
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Fig. 7. Unilateral knee OA: swollen left knee with varus and �xed �exion deformities in
a 63-year-old man with a history of knee trauma. On palpation there was marked crepitus,
restricted �exion, bony swelling, and a small e�usion. The cruciates were intact but there was
minor varus/valgus instability on stress testing. (Reproduced from Abhishek A, Doherty M.
Disease diagnosis and clinical presentation. In: Henrotin Y, Hunter DJ, Kawaguchi H, editors.
OARSI Online Primer. OARSI; 2011; with permission.)

Key points sistent OA.46 Persistent rest and night pain 
occur in advanced OA.22 Knee OA symp-
toms usually do not cause posterior knee 
pain unless there is a complicating popliteal 
(Baker) cyst. Apart from pain, there may be 
a feeling of giving way (especially with PFJ 
OA and/or quadriceps weakness) and insta-
bility, both of which associate with falls.22

On examination, the findings are typical of 
OA (see Table 1). Tibiofemoral joint-line ten-
derness is felt anteriorly, on either side of 
the patella tendon with the knee flexed. Pain 
on patellofemoral compression, deformity 
(fixed flexion and/or varus; less commonly 
valgus deformity on weight bearing), quad-
riceps wasting and weakness, and hip mus-
cle weakness may be present (Fig. 7).22,47,48 
Knee effusion is common, and increases in 
prevalence with the severity of knee OA. 
For example, in a study, 36% of patients 
with symptomatic knee OA (Kellgren and 
Lawrence [K&L] score 2) had a clinical knee 
effusion, whereas only 16% of symptom-
atic preradiographic knee OA (magnetic 

resonance imaging cartilage score2, and 
K&L score2) had clinically detectable knee 
effusion.49 Several painful periarticular soft 
tissue disorders coexist with knee OA and 
require careful assessment (Table 3).8,50,51

Hip
Hip OA presents with pain, stiffness, and 
rstricted movement. Pain caused by hip 
OA is usually maximal deep in the anterior 
groin, but may spread to the anteromedial 
or upper lateral thigh, and occasionally the 
buttocks. Distal radiation is common, and 
pain may predominate at the knee. Some 
people present with knee pain without any 
proximal pain; unlike knee-originated pain, 
such hip-referred pain is usually more gen-
eralized, involves the distal thigh, and may 
be improved by rubbing. Pain in hip OA is 
exacerbated by rising from a seated posi-
tion, and during initial or midambulation.25 

It may be difficult to differentiate hip OA 
pain from referred spinal pain or concom-
itant knee OA,25 and intra-articular local 
anesthetic injection may be required to reso

•	 OA is a clinical diagnosis. It may 
be diagnosed without recourse 
to laboratory or radio-graphic 
investigations in the presence 
of typical symptoms and signs in 
the at-risk age group. Peripheral 
joint OA may be diagnosed con-
fidently on clinical grounds alone 
if there is:

•	 Persistent usage-related joint   
pain in 1 or a few joints

•	 Age 45 years
•	 Only brief morning stiffness (30 

minutes)

33

Syllabus



-lve any diagnostic uncertainty.52 Unlike 
knee OA, hip OA is often unilateral.53

Both active and passive hip movements may 
be painful.25 Internal rotation with the hip 
flexed is frequently the earliest movement to 
be restricted, but movements may be glob-
ally restricted in severe disease (Fig. 8).25 The 
typical end-stage deformity in hip OA is ex-
ternal rotation, adduction, and fixed flexion 
(Fig. 9). Wasting of thigh muscles, positive 
Trendelenburg test, antalgic gait, and short-
ening of the affected extremity may also be 
present.25 However, such end-stage hip OA 
should be rare in modern clinical practice.

Hip OA may be subclassified largely accord-
ing to radiographic features,
specifically54,55

1. 	 Pattern of radiographic femoral 	
	 head migration
	 a. Superior: most usual pattern 	
	 (especially in men), likely to be uni	
	 lateral at presentation 		
	 and to progress more rapidly
	 b. Axial (along the axis of the fem	
	 oral neck): progresses more slowly
	 c. Medial: mainly in women, likely 	
	 to be bilateral and associate with 	
	 Heberden nodes
2. 	 Bone response to joint space loss
	 a. Atrophic: characterized by 	
	 marked bone attrition and mini	
	 mal osteophytosis, common in el	

	 derly, associated with chondrocal	
	 cinosis
	 b. Hypertrophic: characterized by 	
	 florid osteophytosis.
In some patients, especially elderly women, 
hip OA can be rapidly progressive with a 
subacute onset of symptoms that progress-
es to joint destruction and instability in a 
matter of months rather than years. The ra-
diographs may show paradoxic widening of 
joint space (although this is reduced or ab-
sent if standing or stressed films are taken), 
marked bone attrition, destruction of the 
femoral head, and paucity of osteophyto-
sis (atrophic OA).56 Such rapidly progressive 
destructive arthropathy has been associated 
with BCP (mainly hydroxyapatite) crystals, 
and termed apatiteassociated destructive 
arthropathy (AADA).57–59 Shoulders (Milwau-
kee shoulder)60 and knees are other target 
sites for AADA. Muscle wasting, deformi-
ties, and moderate to large joint effusions 
with noninflammatory (viscous, occasionally 
hemorrhagic, low cell count) synovial fluid 
are common.

Several other disorders may lead to pain 
around the hip region.61 For example, ante-
rior groin pain may be caused by osteone-
crosis (avascular necrosis) of the femoral
head.61 With this, pain is initially usually 
night predominant, well localized, unrelated
to usage and progressive, becoming worse 
on usage and more widespread once the 
femoral bone and overlying cartilage col

Table 3
Common periarticular lesions that coexist with knee OA

Soft Tissue Disorder Signs and Symptoms

gnillewseussittfosdezilacol,niapeenklaidemorefnIsitisrubeniresnA
(rarely), tenderness over the upper medial tibia

Semimembranosus-tibial collateral
ligament bursitis

Medial knee pain, tenderness closer to the joint line
than in anserine bursitis

Medial collateral ligament (inferior
insertion) enthesopathy

Medial knee pain, localized tenderness, and pain on
stressing the medial ligament (valgus strain with knee
unlocked)

Tender medial fat pad Medial knee pain, tenderness over either the inferior or
superior fat pad below or above the joint line

Iliotibial tract (band) syndrome Lateral distal thigh and knee pain, and tenderness
maximal over the lateral femoral condyle

Key points

•	 Inflammatory markers (C-reac-
tive protein, erythrocyte sedi-
mentation rate, plasma viscosity) 
are normal or only minimally in-
creased in OA, and may be use-
ful in excluding other diagnoses. 
Radiographic examination may 
be used to support a clinical 
diagnosis of OA. However, pa-
tients with a clinically robust di-
agnosis of OA may have normal 
radiographs, and vice versa.

•	 Thus, radiographic examination 
should not be used to establish 
a diagnosis of OA by itself, and 
neither should a normal plain 
radiograph be used to refute a 
clinical diagnosis of OA; 86% of 
middle- aged community-dwell-
ing residents (mean age 45 
years) with knee pain for more 
than 3 months develop radio-
graphic knee OA over the next 
12 years, suggesting that knee 
pain may be the first sign of OA.
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Fig. 8. Patient with right hip OA showing �xed �exion and external rotation deformity.
(Reproduced from Abhishek A, Doherty M. Disease diagnosis and clinical presentation. In:
Henrotin Y, HunterDJ, KawaguchiH, editors. OARSIOnline Primer. OARSI; 2011;withpermission.)

Fig. 9. PatientwithhipOA, showingpainful restriction in internal rotation in�exion: the tight-
pack position for the hip and the �rstmovement to be a�ected. ( Reproduced from AbhishekA,
DohertyM.Diseasediagnosis and clinical presentation. In:HenrotinY, HunterDJ, KawaguchiH,
editors. OARSI Online Primer. OARSI; 2011; with permission.)
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Table 4
Common periarticular lesions near the hip

smotpmySdnasngiSredrosiDeussiTtfoS

Trochanteric bursitis/gluteus medius
tendinitis a

Lateral hip pain, worse on lying on that side
at night and reproduced by pressure over
the greater trochanter region

Iliopsoas bursitis Anterior groin pain swelling. Frequently
associates with other arthropathies

Ischiogluteal bursitis Pain over the ischia, aggravated by local
pressure brought on by sitting and lying.
Local tenderness present

Adductor tendinitis Medial groin pain aggravated by passive hip
abduction and resisted active adduction

a Most common.

lapse to result in arthropathy. Posterior 
hip and buttock pain may be caused by 
lumbar radiculopathy, iliolumbar ligament 
syndrome, sacroiliac joint pain, and hip ex-
tensor or rotator muscle strain.61 Other peri-
articular disorders that may coexist with hip 
OA are listed in Table 4.

Facet Joint OA
It is often difficult to attribute symptoms to 
facet joint OA because it commonly coex-
ists with intervertebral disk degeneration. 
However, lumbar facet joint OA is thought 
to lead to localized lumbar pain, which may 
radiate unilaterally or bilaterally to the but-
tocks, groins, and thighs, typically ending 
above the knees.62 Symptoms are worse in 
the morning and during periods of inac-
tivity, and are increased by stress, exercise, 
lumbar spine extension, rotary motions, and 
when standing or sitting.62 Lying flat and 
flexion of the lumbar spine lead to pain re-
lief.62 Cervical facet joint OA similarly may
present with ipsilateral neck pain that does 
not radiate beyond the shoulder, and is 
worsened by neck rotation or extension.63 

The osteophytes in facet joint OA may also 
impinge on nerve roots and lead to radicu-
lopathy.

First MTPJ OA
First MTPJ OA is usually bilateral, and when 
symptomatic, causes localized big toepain 
mainly on standing and during ambulation. 

Bony enlargement of the first MTPJmay be 
present (Fig. 11). Hallux valgus (distal end 
of big toe points toward the midlineof the 
foot), hallux rigidus (restricted flexion, and 
extension at the first MTPJ), and crossover 
toes are the other common deformities. 
Bony enlargement at the first MTPJ and 
hallux valgus frequently lead to the devel-
opment of a complicating bursa with addi-
tional fibrous tissue reaction on the medial 
aspect of the first MTPJ (bunion; Fig. 10). 
This joint may get inflamed (eg, by rubbing 
against footwear) and cause medial big toe 
pain. Apart from the first MTPJ, OA also 
commonly targets the talonavicular joint 
in the midfoot (aggravated by pes planus; 
see Fig. 11), and sometimes the ankle and 
subtalar joints in the hindfoot (especially in 
those with previous trauma).

OA WITH CPPD
OA with CPPD commonly occurs at the 
knee, radiocarpal joint, second to third 
MCPJs, shoulder joint, and elbow joint. Pa-
tients with OA plus CPPD are usually older 
than 60 years.64,65 More than a quarter of 
patients with knee OA who require hospital
referral, and more than half of those under-
going total knee replacement for OA, have
CPPD.44,66 The presence of CPPD may mod-
ify OA symptoms,44,67 presumably because 
CPP crystals are hard, negatively charged 
particles that can exert both proinflamma-
tory and adverse mechanical effects.68 Com

Key points

•	 Hand OA is usually bilaterally 
symmetric. Symptoms affect just 
1 or a few joints at a time. Symp-
toms are often intermittent and 
occur at the target sites, name-
ly DIPJs (w50%), thumb bases 
(w35%), PIPJs (w20%), and 
MCPJs (w10%), in descending 
order of frequency.

•	 Individuals without pain may re-
port a dull ache or stiffness. The 
symptoms of hand OA deterio-
rate in half the patients over the 
next 6 years. The predictors of a 
worse clinical outcome include a 
high level of functional impair-
ment at baseline and a greater 
number of painful joints, with 
no correlation between clinical 
change and radiographic pro-
gression.

36

Syllabus



Fig. 10. First MTPJ OA with hallux valgus and an in�amed overlying super�cial bursa
(‘‘bunion’’).

Fig. 11. Midfoot OA aggravated by pes planus. Note coexistent hallux valgus, suggesting
�rst MTPJ OA.
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Fig. 12. Knee e�usions are usually not marked in OA. This person with OA plus CPPD had
a large left knee e�usion expanding the suprapatellar pouch, giving a positive balloon
sign (�uctuance) on palpation.

pared with OA without CPPD, there may be 
a longer duration of early morning stiffness 
and more common and pronounced acute, 
intermittent, or low-grade and persistent 
synovitis (Fig. 12). Joint effusions are com-
mon, and may be hemorrhagic or turbid on 
aspiration. Large effusions, mainly at the 
knee or the shoulder, may leak into the sur-
rounding soft tissues and lead to localized 
pain, swelling, and extensive bruising. Al-
though studies give conflicting results, it is 
likely that OA with CPPD is not more rapidly 
progressive than OA alone.66,69,70 However, 
there are anecdotal reports of patients with 
CPPD developing rapidly progressive de-
structive arthropathy at knees, shoulders, or 
hips. Some patients with OA with CPPD may 
have polyarticular arthropathy involving the 
knees, wrists, and the MCPJs that superfi-
cially mimics RA.

CLINICAL FEATURES INFLUENCE THE 
MANAGEMENT OF OA

Because OA has a diverse clinical present 
tion, it is important to target the therapeutic
intervention to the patient, and to the symp-
toms. Patient education, appropriate advice 
concerning exercise and activity (ideally with 
physiotherapy and/or occupational therapy 
input), avoidance of adverse biomechanical 
factors, and adjunctive analgesia, are core 
to the management of OA. Oral parac-
etamol and topical analgesics (nonsteroidal 
antiinflamatory drugs, capsaicin) are recom-
mended analgesics to try first, mainly based 
on their safety, but subsequent choice of 
analgesic depends on the clinical feature. 
For example, patients with pain and nonre-
storative sleep may benefit from amitripty-
line, nortriptyline, or duloxetine,71 whereas 
patients with neuropathic features to their 
pain may benefit from duloxetine, pregab-
alin, or amitriptyline.72 Some patients who 

Key points

•	 Erosive OA is an aggressive sub-
set of hand OA. It presents with 
subacute or insidious onset of 
pain, stiffness, soft tissue swell-
ing, and sometimes paresthesia 
affecting multiple IPJs (syn-
chronous polyarticular onset). 
Pain, tenderness, inflammation 
(warmth, soft tissue swelling, 
sometimes erythema) are more 
marked and prolonged com-
pared with nodal hand OA and 
there is no association with 
GOA.
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Key points present with rapidly progressive severe OA 
of the knees or hips may warrant consider-
ation for joint replacement surgery, where-
as others who present with exacerbation 
of their joint symptoms may benefit from 
local intraarticular injections of corticoste-
roid to achieve short-term symptom control. 
The latter is especially true in those with 
thumb base, knee, and hip OA. Those with 
superadded acute CPP crystal arthritis may 
also derive rapid benefit from intra-articular 
corticosteroid injection and/or colchicine. In 
contrast, asymptomatic radiographic chang-
es of OA in peripheral or spinal joints in the 
elderly require no further interventions apart
from possibly modifying risk factors for the 
progression of OA (eg, obesity). The pres-
ence of comorbid fibromyalgia should be 
specifically sought and treated in patients 
who present with severe OA, and in those 

with symptomatic OA at several sites. Pa-
tients with GOA may have a worse progno-
sis than those without GOA, and should be 
targeted for risk factor modification (eg, pa-
tients with knee OA in the context of GOA 
are at higher risk of progression of their 
knee OA).19

SUMMARY

Usage-related pain, short-lived morning/i ac-
tivity stiffness, and locomotor restriction are 
the most common symptoms of OA. In pa-
tients with typical presentation at the target 
sites, clinical assessment alone is sufficient 
to allow a diagnosis of OA. Patients with 
OA should be assessed in a holistic manner, 
which should include a targeted examina-
tion for the associated comorbidities.
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■ Jeffrey N. Katz, MD, MSC, Kaetlynr. Arant, BA, Richardf. Loeser, MD

Diagnosis and treatment of hip and knee
osteoarthritis: A review

1. INTRODUCTION

Long characterized as a ‘wear and tear’ disorder, osteoarthritis 
(OA) is now understood to have a complex pathophysiology 

affecting multiple joints and joint structures, as captured by the 
Osteoarthritis Research Society International definition of OA: 
“The disease manifests first as a molecular derangement (abno 
mal joint tissue metabolism) followed by anatomic, and/or phys-
iologic derangements (characterized by cartilage degradation, 
bone remodeling, osteophyte formation, joint inflammation and 
loss of normal joint function), that can culminate in illness.”1

Worldwide, an estimated 240 million persons have symptom-
atic, activity-limiting OA.2,3 The knee and hip are two common-
ly affected joints and are the focus of this review. Nearly 30% 
of individuals greater than 45 years old have radiographic evi-
dence of knee OA, about half of whom have knee symptoms.4,5 
The prevalence of symptomatic, radiographic hip OA is around 
10%.6,7

The lifetime risk of symptomatic knee OA is greater in obese 
persons (BMI ≥ 30 kg/m2) than nonobese persons (19.7% ver-
sus 10.9%).8 Prior joint trauma, such as anterior cruciate lig-
ament rupture and ankle fracture, increases risk, accounting 
for 12% of knee OA cases.9 The prevalence of symptomatic, 
radiographic knee OA was 11.4% in women and 6.8% in men 
in one large cohort study4 and 18.7% in women and 13.5% 
in men in another large cohort study.5 As compared to males 
with OA, women have more severe radiographic findings and 
symptoms.10 Older age and female sex are risk factors for hip 

OA as well as knee OA. In addition, congenital and acquired an-
atomic abnormalities (e.g. hip dysplasia) are risk factors for hip 
OA. Regarding race, African Americans and whites have similar 
prevalence of hip OA (accounting for race, sex and body mass 
index), while African Americans, especially women, have higher 
prevalence of knee OA.5,7

OA leads to substantial cost and mortality. Forty-three percent of 
the 54 million individuals in the US living with arthritis (most of 
whom have OA) experience arthritis-related limitations in daily 
activities.11 Wage losses due to OA amount to $65 billion and di-
rect medical costs exceed $100 billion.2,12 Persons with knee OA 
spend, on average, around $15,000 dollars (discounted) over 
their lifetimes on direct medical costs of OA.13 OA is common-
ly associated with comorbidities, which may stem from lack of 
physical activity, medication toxicity, and the effects of inflam-
matory cytokines. It has been estimated that 31% of persons 
with OA have ≥5 comorbid conditions.2 Persons with hip and 
knee OA have ~20% excess mortality as compared with age-
matched controls, due in part to lower levels of physical activity.2

Methods
We searched PubMed for English-language articles on the dia 
nosis and management of hip and knee OA, using the search 
terms osteoarthritis and treatment; osteoarthritis and epidemi-
ology; osteoarthritis and diagnosis or imaging; osteoarthritis and 
disability or comorbidity. We reviewed these publications and 
relevant references in these papers. We based our conclusions 

ABSTRACT :
Importance: Osteoarthritis (OA) affects more than 240 million people worldwide and is the most frequent reason for activity lim-
itation in adults. This review focuses on hip and knee OA.

Observations: OA is the most common type of arthritis. It can involve almost any joint but typically affects the hands, knees, hips 
and feet. It is characterized by pathologic changes in cartilage, bone, synovium, ligament, muscle, and periarticular fat, leading to 
joint dysfunction, pain, stiffness, functional limitation, and loss of valued activities. Risk factors include age, female
sex, obesity, genetics and major joint injury. Persons with OA have more comorbidities and are more sedentary than those without 
OA. The reduced physical activity leads to a 20% higher age- adjusted mortality. Several physical examination findings are useful 
diagnostically, including bony enlargement in knee OA and pain elicited with internal hip rotation in hip OA. Radiographic
indicators include marginal osteophytes and joint space narrowing. The cornerstones of OA management are prescribed exercises, 
weight loss if appropriate, and education—complemented by topical or oral NSAIDs, in those without contraindications. Intraartic-
ular steroid injections provide short-term pain relief and duloxetine has demonstrated efficacy. Opiates should be avoided. Clinical 
trials have shown promising results for compounds that arrest structural progression (e.g. cathepsin K inhibitors, Wnt inhibitors, 
anabolic growth factors), or reduce OA pain (e.g. nerve growth factor inhibitors). Persons with advanced symptoms and structural 
damage are candidates for total joint replacement. Racial and ethnic disparities persist in the utilization and outcomes of joint 
replacement.

Conclusions and Relevance: Hip and knee OA are highly prevalent and disabling. Education, exercise and weight loss are corner-
stones of management, complemented by NSAIDS (in those who are candidates), corticosteroid injections, and several adjunctive 
medications. In persons with advanced symptoms and structural damage, total joint replacement effectively relieves pain.
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on treatment efficacy primarily using the 
rigorous systematic literature syntheses 
and metaanalyses that support the Osteo-
arthritis Re tudies is the standardized mean 
difference (SMD), the mean difference in 
improvement between active treatment 
and placebo, divided by the standard de-
viation of the difference. For questions not 
addressed by the metaanalyses, we provide 
results of pivotal trials.

Pathophysiology
OA arises from complex biological processes 
that include cartilage, bone, synovium, liga-
ments, periarticular fat, meniscus, and mus-
cle.15 The classic features of OA noted on 
radiographs include joint space narrowing 
due to loss of articular cartilage and menis-
cus, and bony changes including sclerosis of 
subchondral bone and osteophytes (Figure 
1A). The effects of OA on cartilage, menis-
cus, syovium, subchondral bone and other 
structures can be appreciated on magnetic 
resonance imaging (Figure 1B).

The biomechanical environment influences 
the disease process. Varus alignment of the
lower extremities (“bowlegged”) shifts load 
medially, increasing risk of medial com-
partment knee OA, while valgus alignment 
(“knocked knees”) shifts load laterally lead-
ing to lateral compartment OA. These ab-
normalities in alignment are risk factors for 
OA incidence and, more importantly, for OA 
progression.16,17 Excessive loading of bone 
may result in bone marrow lesions, seen on 
magnetic resonance imaging (Figure 1B).18 

Histologically, bone marrow lesions con-
tain microfractures with bone fragments, 
necrosis, fibrosis and abnormal adipocytes 
suggestive of focal areas of damage and re-
modeling due to abnormal loading.19

Synovitis is commonly noted in OA joints.20 

The synovitis seen in OA has a predominance 
of macrophages while the synovitis of rheu-
matoid arthritis (RA) has a predominance of 
T cells.21 This reflects activation of the innate 
immune response in OA joints, likely due to 
damage of joint tissues resulting in a chron-
ic wound type of environment.22 OA syno-
vitis is more focal than in RA; in the knee, 
it is commonly found in the suprapatellar 
pouch.23 Synovitis plays a prominent role in 
joint destruction in RA, while its role in the 
progression of OA may be limited to a sub-
set of individuals.
Many proinflammatory cytokines and 
growth factors have been identified in the 

OA joint (Figure 2.) Cytokines present at 
relatively high levels in OA synovial fluid in-
clude IL-6, MCP-1, VEGF, IP-10 and MIG.24 
The pro-inflammatory factors are respon-
sible for the progressive destruction and 
remodeling of the joint through the stimu-
lation of matrix- degrading enzymes, includ-
ing the matrix metalloproteinases.15,25 The 
growth factors that normally would stimu-
late matrix production and repair of joint tis-
sues are overwhelmed by pro-inflammatory 
mediators. Certain growth factors includ-
ing TGFβ and BMP-2 promote osteophyte 
formation and contribute to subchondral 
sclerosis. The pro-inflammatory mediators 
and anabolic factors are produced locally 
by the cells within the affected tissues in-
cluding the articular chondrocytes, synovial 
fibroblasts and immune cells in the synovi-
um, inflammatory cells in periarticular fat, as 
well as cells in bone, including osteoblasts, 
osteocytes, osteoclasts and bone marrow 
mesenchymal stem cells (Figure 3).15,26 The 
cytokines are potential targets for disease 
modification in OA; however, currently it is 
not clear which cytokines are primary drivers 
of joint destruction, and which are involved
secondarily.

Clinical presentation
Patients with OA typically present with pain 
and stiffness in the affected joint(s). Stiff-
ness is worse in the morning or on arising 
after prolonged sitting, and improves within 
30 minutes. Pain is use-related early in the 
course, but can become less predictable 
over time. While sometimes viewed as a dis-
ease of inexorable worsening, natural his-
tory studies show that most patients report 
little change in symptoms over six years of 
observation.27

Assessment and Diagnosis
The clinician must distinguish symptomatic 
OA from other entities that can cause hip or
knee pain, including inflammatory (e.g. 
rheumatoid and psoriatic) arthritis, infec-
tious and crystalline (e.g. gout, pseudogout) 
arthritis and soft tissue lesions such as bur-
sitis, tendonitis, and meniscal tear. The stiff-
ness in inflammatory arthritis may last over 
an hour. The pain of infectious arthritis and 
crystalline arthritis is typically acute. Individ-
uals with retropatellar
pain may have patellofemoral OA, which 
can exist in isolation or in the presence of
tibiofemoral OA. Because the patellofemo-
ral joint is loaded when the knee is bent,
patellofemoral OA is especially painful when 

Key points

•	 The differential diagnosis for 
hand OA is wide, and includes:

•	 Psoriatic arthritis: targets DIPJs or 
affects just 1 ray

•	 RA: targets wrists, MCPJs, PIPJs
•	 Gout: may be superimposed on 

preexisting hand OA
•	 Hemochromatosis: mainly tar-

gets MCPJs, and wrists
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Key points patients ascend and descend stairs and get 
in and out of cars or a bath.28 The syn-
drome of patellofemoral pain is common 
and often arises from malalignment of the 
patella in the femoral groove ( due for ex-
ample to asymmetric tension from the later-
al and medial quadriceps) rather than from 
OA.

On physical exam, knee effusions are gen-
erally either absent or small and cool in 
persons with OA. Those with effusions may 
have popliteal or “Bakers” cysts, which are 
extensions of the synovial swelling that can 
be palpated in the posterior aspect of the 
knee. In contrast, the knee often has warm, 
easily palpable effusions in inflammatory, 
infectious and crystalline arthritis. Soft tis-
sue lesions such as anserine bursitis and tro-
chanteric bursitis are extra-articular and do 
not cause joint effusions; they are identified 
by local tenderness. Effusions cannot be de-
tected on physical exam of recessed joints 
such as the hip. Infectious, crystalline and 
other inflammatory arthritides can be dis-
tinguished incisively from OA because the 
synovial fluid white blood cells exceed 2000 
cells/cc in these disorders.

The sensitivities, specificities and likelihood 
ratios of various elements of the physical ex-
amination and radiographic features for hip 
and knee OA are shown in Table 1. Bony 
enlargement on physical examination is spe-
cific (95%) for knee OA, though somewhat
insensitive (55%), while crepitus is sensi-
tive (89%) though somewhat nonspecific 
(58%).29 Osteophytes on knee radiographs 
are both sensitive (91%) and fairly specif-
ic (83%). The combination of osteophytes 
AND knee pain has good sensitivity (83%) 
and specificity (93%), with likelihood ratio 
of 11.9.29 (The likelihood ratio = sensitivity 
/ (1 – specificity). If the likelihood ratio is > 
1, a positive test indicates that the post-test 
probability of disease is greater than the 
pre-test probability.

A recent review provided detailed data on 
the utility of physical examination maneu-
vers in the diagnosis of hip OA, and a video 
demonstration of the hip examination.30,31 
Hip internal rotation <15 degrees is mod-
erately sensitive (66%) and specific (72%), 
as is limited hip adduction (80% sensitive, 
81% specific).30,32 Pain with hip internal ro-
tation is more sensitive (82%) but less spe-

cific (39%). Osteophytes on radiographs are 
both sensitive (89%) and specific (90%). 
The combination of hip pain PLUS an os-
teophyte is also quite sensitive (89%) and 
specific (90%).32

These data suggest a presumptive diag-
nosis of hip or knee OA can be made on 
the basis of the history and physical exam. 
Radiographs portray the severity of struc-
tural damage and improve specificity when 
osteophytes or joint space narrowing are 
present. Pathologic features and symptoms 
of OA can occur before osteophytes are 
present on radiographs. Thus, a normal ra-
diograph does not exclude OA. If the clini-
cal presentation is highly suggestive of OA, 
clinicians should initiate management (de-
tailed below) despite normal radiographs. 
Knee radiographs should be performed with 
the patient standing to reveal the extent of 
joint space narrowing of the tibiofemoral 
joint. For research purposes, hip and knee 
radiographs are typically assessed with the 
Kellgren-Lawrence grading system, with 
grade 0 representing no pathologic findings; 
Grade 1 questionable osteophytes; Grade 2 
definite osteophytes; Grade 3, definite joint 
space narrowing; and Grade 4 advanced 
joint space narrowing.33,34 The radiograph 
in Figure 1A is Kellgren-Lawrence Grade 3 
and nearly K-L 4 because of the advanced 
medial joint space narrowing is nearly bone-
on-bone.

Hip radiographs typically include an an-
teroposterior view and a lateral view. 
Weight-bearing is not necessary. The in-
ter- and intra-rater reliabilities of hip radio-
graphs for detecting joint space narrowing 
are high.35 Hip radiographs involve greater 
exposure to ionizing radiation than radio-
graphs of the chest or knee.

MRI is seldom indicated in the assessment 
or management of knee or hip OA. MRI de-
tects changes in cartilage, meniscus (knee), 
labrum (hip), bone and synovium, providing 
a fuller picture of pathological involvement 
(Figure 1B).36 Because of its high sensitivity36, 
MRI is useful for research studies to identify 
early OA and document structural changes 
over time. In clinical care, MRI can be use-
ful if there is suspicion of conditions such as 
subchondral insufficiency fracture, tumor or 
infection that would be treated differently 
and more urgently than OA.

•	 Hip OA presents with pain, 
stiffness, and rstricted move-
ment. Pain caused by hip OA 
is usually maximal deep in the 
anterior groin, but may spread 
to the anteromedial or upper 
lateral thigh, and occasionally 
the buttocks. Distal radiation 
is common, and pain may pre-
dominate at the knee. Some 
people present with knee pain 
without any proximal pain; un-
like knee-originated pain, such 
hip referred pain is usually more 
generalized, involves the distal 
thigh, and may be improved by 
rubbing. Pain in hip OA is exac-
erbated by rising from a seated 
position, and during initial or mi-
dambulation.
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Ultrasound can visualize joint effusion, os-
teophytes and other features.37 As com-
pared with MRI, ultrasound has sensitivity 
and specificity exceeding 85% for detecting 
osteophytes.Ultrasound is not as accurate as 
MRI in assessing joint space narrowing.38 Be-
cause ultrasound is less expensive and more 
portable than MRI, it is used frequently in 
Europe and a growing number of US cen-
ters in the diagnosis of OA and assessment 
of progression.

Treatment
Several professional organizations have de-
veloped guidelines for OA management (Ta-
ble 2). The guidelines suggest that patients 
with OA should be offered a core set of 
non-pharmacological interventions includ-
ing education, weight loss (for those who 
are overweight), and exercises (strengthen-
ing, cardiovascular, and/or mind-body exer-
cises such as Yoga or Tai Chi).14,39–44

Structured exercise interventions that typ-
ically focus on strengthening of lower ex-
tremity muscles offer improvements in pain 
and functional status (SMD of 0.52 for 
knee OA and 0.34 for hip OA; Table 3). A 
randomized controlled trial of a structured 
walking program showed a reduction in 
pain scores of 1.38 points (on a 0-10 scale) 
in the walking group and just 0.1 points in 
the control group (p=0.003).45 Referral to a 
physical therapist is appropriate to initiate 
such a program, or to address lower extrem-
ity weakness or limitations in hip or knee 
range of motion. A combination of diet and 
exercise can result in substantial weight loss, 
pain relief, improvement in functional sta-
tus, and reduction in inflammatory markers, 
as compared with exercise alone.46

While trials of lateral wedge shoe inserts 
have not been efficacious, a recent trial of 
an individualized external orthotic (attached 
below the sole) was associated with greater
improvement in pain and functional status 
than a control orthotic.47 This observation 
should be replicated before being advanced 
to routine use.

Non-steroidal anti-inflammatory drugs 
(NSAIDs) are first line pharmacologic treat-
ment for OA. In numerous placebo-con-
trolled trials, NSAIDs have resulted in greater 
pain relief than placebo, with standardized 
mean differences in pain and function scores 
of ~ 0.33 standard deviations, reflecting a 

moderate effect (Table 3). Many NSAIDs are 
available over the counter. Topical NSAIDs 
generally have less gastrointestinal toxicity 
than oral NSAIDs,14,44 but are less useful in 
hip OA because the joint is recessed.

NSAIDs have important toxicities, including 
gastrointestinal irritation and ulceration,
bleeding, and decreased renal blood flow 
with azotemia. Patients on anticoagulants 
who wish to take an NSAID should use a 
COX-2 inhibitor (such as celecoxib), which 
does not increase bleeding. Those with 
dyspepsia should use proton pump inhibi-
tors and/or a COX-2 inhibitor. Patients with 
history of bleeding peptic ulcer are typically 
not prescribed NSAIDs at all. Risk factors for 
gastrointestinal bleeding from NSAIDs in-
clude older age, medical comorbidities, and 
concomitant use of corticosteroids and anti-
coagulants.48 Individuals with cardiovascular 
or renal disease are at risk of renal toxicity; 
alternatives to NSAIDs should be discussed. 
Acetaminophen is less efficacious than 
NSAIDs in management of knee (SMD
0.05) and hip (SMD 0.23) OA.49–53 It is a rea-
sonable, safe alternative for those intolerant 
to NSAIDs but should not be used in per-
sons with liver disease or risk factors such as 
heavy alcohol use. The Medical Letter table 
published in this issue of JAMA provides rich 
information on formulations, dosages and 
costs of many of the pharmacologic agents 
noted in this review.

Patients unable to take NSAIDs, or who do 
not respond, can try intra-articular corti-
costeroid injections, which typically relieve 
pain for a few weeks.54 They are especially 
helpful in patients with OA of a single joint 
that can be injected easily, such as the knee. 
The hip is generally injected under imaging 
(fluoroscopy or ultrasound) guidance. Cor-
ticosteroid injections have no greater effect 
on pain than placebo after three months,55 

and may be inferior to physical therapy at 
one year.56 A newer formulation of steroid 
injection (triamcinolone acetonide extend-
ed release) appears to have fewer systemic 
effects than traditional steroid injections.57 

Some studies have suggested that intraartic-
ular steroid injections may have deleterious 
effects on cartilage55,58; the clinical meaning 
of these findings is not yet known.

Injection of intra-articular hyaluronic acid 

(HA) products is another option for patients 

Key points

•	 Symptoms are worse in the 
morning and during periods of 
inactivity, and are increased:

•	 Stress
•	 Exercise
•	 Lumbar spine extension
•	 Rotary motions
•	 Standing
•	 Sitting
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Key points with persistent pain despite NSAIDs. Guide-
lines differ regarding recommendations of 
intraarticular HA (Table 2).14,40–44 While effi-
cacy of HA injections is similar to that of
NSAIDs (SMD 0.37, Table 3), the highest 
quality trials showed weaker effects. Injec-
tion of growth factors, such as those found 
in platelet-rich plasma, and injection of 
stem cell preparations, are increasing in use. 
However, these products are non-standard-
ized and studies of these agents are weak.

Osteoarthritis pain may be mediated in part 
by mechanisms in the central nervous sys-
tem. Several medications have been used to 
address pain of central origin. Duloxetine, a
serotonin-norepinephrine reuptake inhibi-
tor, has been shown in randomized trials to 
result in greater pain relief than placebo in 
persons with knee OA (SMD 0.39).59,60 Gab-
apentin may have efficacy in knee OA, but 
evidence is limited.61 Opiate analgesics are 
used by over 20% of patients with OA, but 
have limited efficacy for hip and knee OA 
(SMD ~0.20) and considerable toxicity in-
cluding constipation, falls, somnolence, re-
spiratory depression and potential for addic-
tion. OA treatment guidelines advise against 
use of stronger opiates, with conditional 
recommendation of tramadol, a synthetic 
opioid agonist that also inhibits reuptake of 
serotonin and norepinephrine.44

To date, trials of biologics to inhibit IL-1 or 
TNFα in knee OA failed to relieve symptoms 
or halt structural progression, as compared 
with placebo.62–64 However, a secondary 
analysis of the CANTOS trial (canakinum-
ab anti-inflammatory thrombosis outcome 
study) demonstrated a significant reduc-
tion in the incidence of hip and knee re-
placement in those receiving anti-IL-1β, 
with a pooled HR of 0.58 (CI 0.42-0.80, 
p=0.001).65 Some areas of current investi-
gation for disease modification that are be-
ing examined in early phase studies include 
Wnt inhibiton66, intra-articular injection of 
an anabolic growth factor FGF-1867 and a 
cathepsin K inhibitor.68

Patients with persistent pain and functional 
loss and advanced radiographic changes are
candidates for total knee or hip replacement 
(TKR, THR). More than 700,000 primary 
TKRs and 330,000 primary THRs are done 
annually in the US, >90% for OA.69 Nine-
ty-day mortality is <1%, and serious compli-
cations at 90 days occur in <5%.70–73 About 
90% of recipients of THR and 80% of recip-

ients of TKR report little to no residual pain 
following recovery from these procedures.74 
A randomized controlled trial of TKR vs. a 
rigorous physical therapy program showed 
that those receiving TKR improved in KOOS 
Pain score by 35 points (on a 0-100 scale), 
as compared with 17 points in those re-
ceiving PT (difference of 17 points (95% CI 
10.4, 23.8).75 Fewer than 10% of TKRs and 
~20% of THRs need to be revised over 20 
years.76,77 The failure rate is higher in young-
er and more active recipients, those with 
comorbidities and those operated upon in 
low volume centers or by low volume sur-
geons.78,79 The generally low revision rates 
mean that persons who receive TKR or THR 
in their 70’s’s are much more likely to die 
with their original implants in place than 
to need revision.80 In the patient with uni-
compartmental knee OA, surgical options 
include unicondylar knee replacement and 
osteotomy as well as TKR. Arthroscopic de-
bridement is not appropriate for treating 
OA; arthroscopic partical meniscectomy has 
a limited role in patients with OA and symp-
tomatic meniscal tear, for whom nonopera-
tive therapy was not helpful.81–83

Blacks and Hispanics are ~25% less likely to 
receive TKR than non-Hispanic whites, even
after accounting for age and socioeconomic 
status.72,84 These patterns are seen for THR 
as well.85,86 Proposed reasons for these dis-
parities in utilization include less frequent 
offers of joint replacement to non-Whites,87 
less willingness to undergo TJR, implicit bias, 
and other factors.88,89 Blacks and Hispanics 
also have higher risk of adverse outcomes 
including mortality after THR and joint infec-
tions following TKR.90

Several innovative interventions for OA have 
been introduced into clinical use but have 
not been evaluated with sufficient rigor to 
be recommended. The include geniculate 
artery embolization, water-cooled radiofre-
quency ablation and botox injections.

Evolving concepts in management of 
OA

OA consists of multiple phenotypes.91 Knee 
OA developing after anterior cruciate liga-
menttear might have a mechanism distinct 
from OA associated with obesity. Individuals 
mayhave more than one mechanism at play, 
requiring multi-modal management. It will 
beimportant to determine which individuals 
with early OA are more likely to progress 

•	 Symptoms are worse in the 
morning and during periods of 
inactivity, and are increased:
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rapidly and would benefit from an interven-
tion designed to slow disease progression. 
Machine learning approaches using data-
sets that include demographic, imaging and 
biomarker data are being harnessed to iden-
tify such subsets.92

Intensive research has identified poten-
tial targets for structure-modifying thera-
pies,66–68 including inhibitors of collagenases 
and aggrecanases that degrade cartilage, 
and of the cytokines and chemokines that 
contribute to the pro-inflammatory environ-
ment.93 Pre- clinical evidence suggests that 
senescent cells in the joint contribute to OA 
by releasing pro- inflammatory mediators 
and matrix-degrading enzymes. Targeting 
these cells with senolytics that selectively 
kill senescent cells could be of value.94 It 
remains unclear whether arresting progres-
sion of structural damage in OA will ulti-
mately result in reduced pain and functional 
limitation.

In addition to structure modification, re-
search in OA therapeutics has also focused 
on nerve growth factor (NGF), with several 
trials showing efficacy in pain relief with in-
jections of anti-NGF antibodies.95–97 Howev-
er, individuals who received anti-NGF were 
more likely than those receiving placebo to 
experience rapid progression of OA requir-
ing joint arthroplasty, especially if they were 

also taking NSAIDs. 98 If anti-NGF therapy is 
approved for OA, providers and patients will 
need to discuss risks and benefits carefully.

Prognosis
While some patients with OA follow a tra-
jectory of steady increase in symptoms, 
others have waxing and waning pain over 
many years. There is also variability in the 
progression of joint damage. Model projec-
tions suggest that over 50% of persons in 
the US with symptomatic knee OA under-
go TKR over their lifetimes.13 Several fac-
tors influence the rapidity of radiographic 
and clinical progression including older 
age, reduced physical activity, the extent 
of cartilage damage, short term changes of 
cartilage damage, malalignment and more 
severe pain.27,99,100

Conclusion

Evolving insights into pathophysiology por-
tend a new age in OA therapeutics, with 
therapies that can curb structural progres-
sion and provide more potent and/or safer 
pain relief. The efficacy of diet and exercise 
interventions suggests that breakthroughs 
in efforts to sustain weight loss could move 
the field forward. Taken together these ad-
vances may change the outlook for patients 
with this painful, costly, disabling condition.
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■ Peihuacao , Yaminli, Yujintang Changhaiding, and DavidJ. Hunter

Pharmacotherapy for knee osteoarthritis: Current 
and emerging therapies

1. INTRODUCTION

Osteoarthritis (OA) is the leading cause of pain, loss of func-
tion, and disability in the elderly and mainly affects the 

joints of the knee, hand, and hip [1]. OA pathogenesis is believed 
to involve both biomechanical and biochemical factors, which 
poses a crucial challenge to the effective treatment of OA [2]. 
OA reflects failure of the synovial joint organ and is a whole 
organ disease prominently affecting tissues including cartilage, 
subchondral bone, and synovium [3]. At present, there is no cure 
for OA and the currently available therapies are modest in their 
effect and often have a range of limiting side-effects [4]. The cur-
rent treatments mainly focus on reducing pain and other symp-
toms, as well as improving joint functional capacity [5]. Along 
with a better understanding of pathological processes, some 
emerging disease-modifying therapies have been studied and 
hold promise for future OA management [6–8]. In this narrative 
review, we will discuss current pharmacological treatments for 
OA patients, including traditional pharmacological treatments 
recommended by guidelines, as well as provide an update on 
recent developments of emerging medications with a focus on 
diseasemodifying OA drugs.

2. Traditional management

Over the last few years, the Osteoarthritis Research Society Inter-
national (OARSI) [9], American College of Rheumatology (ACR) 
[10], National Institute for Health and Care Excellence (NICE) [11], 
American Academy of Orthopaedic Surgeons (AAOS) [12], Euro-
pean Society for Clinical and Economic Aspects of Osteoporosis,
Osteoarthritis and Musculoskeletal Diseases (ESCEO) [13], and 
others have developed and updated recommendations through 
Clinical Practice Guidelines for improving the treatment of knee 
OA. Most guidelines are consistent in advocating for non-phar-
macologic treatments as the core of initial interventions includ-
ing exercise, weight loss, and education. Appropriate exercis-
es increase muscle strength to optimize joint function [14]. For 

those who are overweight, weight loss is promoted [15]. Tradi-
tional pharmacological interventions have focused on symptom 
management and the most widely used agents include oral and 
topical non-steroidal anti–inflammatory drugs (NSAIDs), acet-
aminophen, and opioids. It is important torecognize that acet-
aminophen is no longer the first-line analgesic recommended in 
guidelines due to limitations in effect and a range of unwanted 
side-effects [16,17]. In addition, opioids whilst widely used have 
harms that outweigh the benefits along with a range of societal 
concerns including overdoses and deaths; therefore, the recent
OARSI guideline has proposed ‘Level 4A’ evidence (≥75% 
‘against’ and >50 ‘conditional’ recommendation) for opioids to 
treat knee OA without comorbidities [9,18]. There is a range of 
pharmacologic interventions available for the management of 
knee OA that have been advocated by most guidelines (Table 1).

2.1. NSAIDs
NSAIDs are frequently used in the treatment of symptomatic 
knee or hip OA. The mechanism of action of NSAIDs is to pro-
vide the suppression of cyclooxygenase enzymes activity, leading 
to decreased synthesis of prostaglandins resulting in analgesia. 
In a large meta-analysis, Bjordal et al. reviewed 10,845 knee OA 
patients from 23 trial [19]. A relatively small effect size of NSAIDs 
for pain reduction of 0.23 (0.15 to 0.31) was reported in knee 
OA during short-term use between 2 and 13 weeks. Similarly, 
in another meta-analysis, NSAIDs demonstrated a small-to-mod-
erate effect size of 0.29 (0.22 to 0.35) in the treatment of pain 
in OA [20].

Compared to oral NSAIDs, topical application of NSAIDs showed 
better tolerability properties due to reduced side effects com-
pared with the oral format [21]. In the recent OASRI guideline, 
topical NSAIDs were strongly recommended for use in knee OA 
patients with no comorbidities [9]. A study by Kinsler et al. sup-
ported that use of topical NSAIDs, such as diclofenac, for pain 
relief in OA affecting a single joint or a small number of joints is 

ABSTRACT :
Introduction:  Osteoarthritis (OA) is the leading cause of pain, loss of function and disability in the elderly, with the knee being the 
most impactful joint affected. Currently, there is still no ‘cure’ in OA treatment.

Areas covered: The authors review the current and emerging therapies for knee OA including traditional OA medications (oral 
and topical NSAIDs, acetaminophen, and opioids) and emerging treatments including disease-modifying OA drugs. The failures of 
agents that have been through clinical trials are also summarized. Furthermore, the authors provide their expert perspectives on the 
future of pharmacotherapy for knee osteoarthritis.

Expert opinion: Compared to traditional OA medications, new disease-modifying OA drugs that act by reducing inflammation 
and increasing cartilage repair show promise to address the unmet need of disease modification. Many of these new drugs, how-
ever, are in the preclinical stage. Long-term RCTs are expected to identify the safety and efficacy of novel OA pharmacotherapy 
medicines.
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Article highlights

� Most guidelines are consistent in advocating for non-pharmacologic
treatments as the core o�nitial interventions including exercise,
weight loss and education.

� Traditional pharmacological interventions have focused on symptom
management and the most widely used agents include oral and
topical non-steroidal anti-in�ammatory drugs (NSAIDs), acetamino-
phen, and opioids.

� Pain is the dominant symptom of OA, is still an unmet need and
recent years have witnessed several prominent clinical trials for OA
pain, and among those, trials with antibodies that neutralize nerve
growth factor (NGF) appear particularly promising.

� A drug that inhibits the structural disease progression of OA with
symptomatic relief, is de�ned as a disease-modifying osteoarthritis
drug (DMOAD). A number of promising agents are being developed in
this area.

� Numerous agents have been tested and developed for purported
DMOAD activity and failed-important lessons have been learned
which had been applied in more recent trials.

appropriate and limits the risk of side effects 
[22]. According to Kinsler et al.’s study, topical 
diclofenac solution even in lower blood level 
could demonstrate the same efficacy in pain 
alleviation as oral NSAIDs [22].

Although studies have supported NSAIDs 
with overall improvement on pain relief, 
the consistent NSAIDs-induced side effects 
greatly limit its widespread use. For people 
taking NSAIDs, it is estimated that the in-
cidence of side effects is about 30% [23]. 
The risk of gastrointestinal (GI) complica-
tions, one of the most common side effects 
that occur every year in 1–2% of people 
who use NSAIDs, was increased by three to 
fivefold [24]. There are also reports of kidney 
disease and adverse cardiovascular events 
associated with the use of NSAIDs [25,26]. An 
important, large individual patient data- 
meta-analysis including 446,763 persons in 
2017 reported that all NSAIDs were found 
to be associated with an increased risk of 
acute myocardial infarction [25]. They also 
documented that the increased risk of myo-
cardial infarction occurs in the first week of 
exposure to an NSAID [25]. Therefore, NSAIDs 
should be given at the lowest effective dose 
and for the shortest time needed to mini-
mize adverse events when approved for use.

2.2. Acetaminophen
Acetaminophen, commonly referred to as 
paracetamol, has long been regarded as a 

mainstay of knee OA treatment for people 
with mild to moderate OA by all guidelines. 
While acetaminophen is widely used for OA 
analgesia, its overall effectiveness is low, and 
its use is motivated by belief in its relative 
safety and a lack of effective or acceptable 
alternative pharmacotherapies [27]. Acet-
aminophen has limited effects on cycloox-
ygenase (COX)-1 and COX-2 inflammatory 
factors that are necessary for prostaglandin 
synthesis (PGs) [28]. It has been reported that 
acetaminophen was significantly superior to 
placebo in terms of overall pain reduction 
from 7 rando- mized controlled trials (RCTs) 
[29]. However, no significant differences in 
Western Ontario and McMaster Universities
Osteoarthritis Index (WOMAC) were found 
between acetami-nophen and placebo from 
these RCTs.

Recent meta-analysis suggested that ac-
etaminophen had little to no efficacy in 
patients with OA, with a signal for possi-
ble hepatotoxicity [17]. At short term of 3 
weeks’ to 3 months’ follow-up, there was 
high-quality evidence from 8 RCTs that acet-
aminophen provided no clinically important 
improvements in pain and physical function.
Abnormal liver function tests were more 
likely to occur with acetaminophen (RR: 
3.79, 95% CI: 1.94 to 7.39), but the evi-
dence was downgraded due to the wide CIs 
and imprecise effect estimates. Therefore, 
according to the latest OARSI guideline, the 

Key points

•	 Long characterized as a ‘wear 
and tear’ disorder, osteoarthritis 
(OA) is now understood to have 
a complex pathophysiology af-
fecting multiple joints and joint 
structures, as captured by the 
Osteoarthritis Research Society 
International definition of OA:

•	 “The disease manifests first as a 
molecular derangement (abno 
mal joint tissue metabolism) 
followed by anatomic, and/
or physiologic derangements 
(characterized by cartilage deg-
radation, bone remodeling, os-
teophyte formation, joint inflam-
mation and loss of normal joint 
function), that can culminate in 
illness.”
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use of acetaminophen was con-ditionally 
not recommended with level 4A and 4B ev-
idence. 

2.3. Opioids
Currently, most guidelines do not advocate 
for long-term use of opioids [30]. The mecha-
nism of action of opioids on OA is to inhibit 
the central nervous system pain pathway by 
binding the mu-opioid receptor [31]. Howev-
er, use of opioids is discouraged due to the 
serious side effects, such as nausea, vom-
iting, dizziness, drowsiness, constipation, 
and headache [18]. It is reported from a large 
meta- analysis of 18 RCTs that over 25% of 
opioid group patients withdrew from stud-
ies [32]. Moreover, long-term use of opioids 
may be associated with potential tolerance, 
addiction, accidental overdose, and even 
death. A study showed that in 2014, opioid 
addiction increased with nearly 2.5 million 
adults affected in the US [33]. At the same 
time, opioid overdose deaths also signifi-
cantly increased. The recent OARSI guide-
line strongly recommended against the 
use of either oral or transdermal opioids in 
patients with knee OA, largely in response 
to recent global concerns about the devas-
tating potential for chemical dependency of 
opioid medications [9].

3. Emerging treatments

3.1. Symptom-relieving drugs
Pain is the dominant symptom of OA and 
is the main reason people seek care and 
an important determinant of their ongoing 
management success. NSAIDs and other an-
algesics are widely used clinically to relieve 
pain. However, the avail- able drugs have 
side effects or toxicity profiles that are not 
suitable for long-term use. Therefore, there 
is a great need to develop agents that ef-
fectively control OA pain. With a better un-
derstanding of the pathophysiology of OA 
pain, it has been recognized that refracto-
ry pain associated with OA may origi- nate 
from neurogenesis and may respond to 
neutralizing specific neurotransmitters [34,35]. 
As a result, duloxetine, a selective serotonin 
and norepinephrine reuptake inhibitor with 
central nervous system activity, is increas-
ingly used for the treatment of musculoskel-
etal pain, including OA [36].

Recent years have witnessed several promi-
nent clinical trials for OA pain, and among 
those, trials with antibodies that neutralize 

nerve growth factor (NGF) appear partic-
ularly promising. NGF is a key mediator of 
acute and chronic pain and its expression 
is markedly increased in pain conditions 
[37]. Monoclonal antibodies to NGF can 
down-regulate the binding of NGF to its re-
ceptor, and block its biological activity [38]. 
These antibodies have entered clinical trials, 
including tanezumab, fasinumab, and ful-
ranumab. Of those, tanezumab has been 
the most extensively studied and has com-
pleted phase III trials. Fulranumab has been 
reported to be well tolerated and efficacious 
for pain relief, while Janssen announced dis-
continuation of it in 2016. Fasinumab is in 
the midst of phase 3 clinical trials. Recently, 
the FDA has granted Fast Track designation 
(a process designed to facilitate the devel-
opment and expedite the review of new 
therapies to treat serious conditions and fill 
unmet medical needs) for tanezumab for 
the treatment of OA pain and chronic low
back pain (Table 2).

The first large randomized double-blind con-
trolled trial of tanezumab (NCT00394563) 
for OA pain in 2010 revealed dramatic pain 
relief among many patients [39]. It was re-
ported that tanezumab in doses of 5 and 10 
mg were statistically significantly superior to 
NSAIDs or opiates, with standardized effect 
sizes of 0.22–0.24. Chen et al. reported that 
tanezumab low-dose (≤2.5 mg) treatment 
had comparable efficacy to high dose, but 
with significantly fewer adverse effects [40].
Recently, a phase-III, randomized, dou-
ble-blind, placebo- controlled multi-center 
study (NCT02697773) assessed the efficacy 
and safety of tanezumab among patients 
with moderate to severe OA of the knee or 
hip and inadequate response to standard 
analgesics [41]. Tanezumab, compared with 
placebo, showed statistically significant 
improvements in scores assessing pain and 
physical function, although the improve-
ments were modest and tanezumab-treated 
patients had more joint safety events and 
total joint replacements.

The FDA placed a hold on all clinical trials 
of NGF antago-nists in 2012 because tane-
zumab was found to be associated with rap-
id OA progression and a rare adverse effect, 
osteo-necrosis. Mullard et al. reported a 
dose–response relationship between osteo-
necrosis and doses of tanezumab between 
2.5, 5, and 10 mg [42]. Rapidly progressive 
OA appears to be dose-dependent with 
doses of tanezumab between 2.5 and

Key points

•	 The lifetime risk of symptomat-
ic knee OA is greater in obese 
persons (BMI ≥ 30 kg/m2) than 
nonobese persons (19.7% ver-
sus 10.9%). Prior joint trauma, 
such as anterior cruciate liga-
mentrupture and ankle fracture, 
increases risk, accounting for 
12% of knee OA cases.

•	 The prevalence of symptomat-
ic, radiographic knee OA was 
11.4% in women and 6.8% in 
men in one large cohort study 
and 18.7% in women and 
13.5% in men in another large 
cohort study. As compared to 
males with OA, women have 
more severe radiographic find-
ings and symptoms.
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10 mg [43], and with doses of fasinumab 
between 3 and 9 mg [44]. Therefore, trials 
were resumed in 2015 with tane- zum-
ab use under the dose of 5 mg. Of note, 
tanezumab administered with NSAIDs in-
creased the risk of rapid progression of OA 
[43,45]; therefore, the duration of NSAIDs use 
during anti-NGF treatment was severely lim-
ited in subse quent trials. Cost-effectiveness 
analyses suggest that rapid OA progression 
at rates observed in clinical trials, even at 
a rate of 10%, does not lead to an overall 
decrease in quality adjusted life expectancy 
[46]. Future studies are warranted to deter-
mine the appropriate role of NGF antibodies 
in the treatment of OA, specifically at what 
part of the disease continuum these agents 
are appropriate, particularly given their cost 
and side-effect profile.

3.2. Disease-modifying drugs
OA is a complex condition and that dis-
ease onset may be triggered by pathology 
in multiple tissues. Therefore, there is no 
single drug that can be used for the treat-
ment of all OA patients. A drug that in-
hibits the structural disease progression of 
OA with symptomatic relief was defined 
as a disease-modifying osteoar thritis drug 
(DMOAD). According to regulatory guide-
lines from the US FDA and the European 
Medicines Agency (EMA), the approval of 
a DMOAD requires a slowing in the loss of 
knee or hip joint space width (JSW) on x-ray 
with relevant symptomatic benefit.

DMOADs provide the promise of controlling 
the structural progression of OA by target-
ing cartilage metabolism/catabolism, sub-
chondral remodeling, and inflammation [8]. 
Emerging drugs targeting articular cartilage 
molecular mechanisms seem to be promis-
ing since cartilage damage is a central part 
of OA pathogenesis (Table 3).

3.3. FGF-18 (Sprifermin)
Fibroblast growth factor 18 (FGF-18) binds 
to its receptor in cartilage and stimulates 
chondrogenesis and cartilage matrix pro-
duction [47,48]. Sprifermin is a synthetic form 
of human FGF-18. A randomized, dou-
ble-blind, placebo-controlled, proof-of-con-
cepttrial was conducted in 180 patients with 
symptomatic knee OA[49]. Intra-articular (IA) 
sprifermin was proved to have no statistical
significance in reducing cartilage loss in the 
central medial femorotibial compartment or 
improvement in symptoms but was associ-
ated with statistically significant, dose-de-

pendent reductions in loss of total and 
lateral femorotibial cartilage thickness and 
volume. However, a post-hoc analysis of 
the same study revealed that patients after 
intra-articular sprifermin showed less wors-
ening of cartilage loss and improvement of 
BMLs at 12 months [50]. Another post-hoc 
analysis performed by Eckstein et al. demon 
strated that intra-articular sprifermin (100 
μg) not only increases cartilage thickness 
but also reduces cartilage loss [51]. Another 
post-hoc analysis to evaluate cartilage thick-
ness changes and symptomatic outcomes 
in an ‘at risk’ subgroup with higher pain 
scores and lower joint space width (JSW) at 
baseline demonstrated structural improve-
ment with sprifermin was maintained, and 
WOMAC score improvements vs placebo 
increased over time and were significant at 
3 years [52]. This supports further studies of
sprifermin as a potential DMOAD in tar-
get populations. In contrast, Dahlberg et 
al. found no significant changes in carti-
lage parameters measured by MRI or X-ray 
between sprifermin and placebo groups 
[53], probably due to the small sample size 
(n = 55) and short observation period (24 
weeks). Recently, a dose-finding, multi-
centre randomized trial (NCT01919164) 
of patients with symptomatic radiographic 
knee OA reported that intra-articular ad-
ministration of 100 μg of sprifermin every 
6 or 12 months resulted in an improvement 
in total femorotibial joint cartilage thickness 
after 2 years [54].

3.4. Gene therapy
Gene transfer technologies are used to ei-
ther overexpress therapeutic factors such as 
growth or transcription factors or to sup-
press the expression of genes that support 
the OA, rather than replacing or repairing 
an abnormal gene that causes the disease 
[55]. Gene therapy approaches should consid-
er the distinct stages and phenotypes of OA 
[55]. Tissue Gene-C delivers human alloge-
neic chondrocytes expressing transforming 
growth factor (TGF)-1 directly to the injured 
knee joint [56]. Results from the two phase-
II trials [57,58] (NCT01221441, the other not 
registered on ClinicalTrial.gov) and one 
phase-III trial [59] (NCT02072070) reported 
that patients treated with Tissue Gene-C 
showed trends of struc-tural improvement, 
but these were not statistically significant (p 
> 0.05). However, it demonstrated a statis-
tically significant improvement in pain and 
function. This product is currently on hold 
by the FDA pending further investigations 

Key points

•	 OA as well as knee OA. In ad-
dition, congenital and acquired 
anatomic abnormalities (e.g. 
hip dysplasia) are risk factors for 
hip OA. Regarding race, Afri-
can Americans and whites have 
similar prevalence of hip OA (ac-
counting for race, sex and body 
mass index), while African Amer-
icans, especially women, have 
higher prevalence of knee OA.
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into the cell lines being used.

3.5. Wnt/ß-catenin signaling pathway 
inhibitors
SM04690 is a novel small-molecule Wnt 
pathway inhibitor. It has a dual mechanism 
of action with three specific effects on joint 
health-generation of articular cartilage, 
slowing down cartilage degradation, and 
reducing inflammation in the joint [60]. Data 
from a phase I clinical trial (NCT02095548) 
suggested that SM04690 had potential as 
a DMOAD [61]. The preliminary results of a 
phase II study of SM04690 (NCT03122860) 
reported at the 2017 ACR Meeting that a 
significant improvement in pain and func-
tion with a trend of maintaining mJSW was 
observed. Another SM04690 phase II study 
presented at 2018 EULAR Congress re-
ported that patients treated with 0.07 mg 
SM04690 showed statistically significant 
improvements in pain, compared to pla-
cebo at weeks 39 (P = 0.043) and 52 (P = 
0.027). In addition, a phase III clinical study 
(NCT03928184) to evaluate the long-term
efficacy and safety of SM04690 in the treat-
ment of knee OA has been initiated, and 
preliminary results are expected to be ob-
tained in 2020. If it can be further confirmed 
that intramus- cular injection of SM04690 
can slow cartilage degradation and promote 
new cartilage formation, SM04690 is likely 
to become a potential DMOAD.

3.6. MMPs/ADAMTs
The Matrix metalloproteinases (MMPs) are 

zinc-dependent endopeptidases belonging 
to the metzincin superfamily [62]. They are 
believed to be involved in articular cartilage 
collagen breakdown [63]. Therefore, MMP 
inhibitors have been proposed as potential 
pharmacological therapies for OA manage-
ment [64]. MMP-13 is one of the selective 
MMPs inhibitors that may be an attractive 
therapeutic strategy for OA treatment. Pre-
vious studies have identified that MMP-13 
plays an important role in the progression 
of cartilage damage [65,66]. Highly selec-
tive MMP-13 inhibitors such as ALS 1–0635 
and PF152 have shown benefits in slowing 
disease progression in preclinical trials [67,68]. 

However, limited data are available on the 
role of MMP-13 inhibitors in the treatment 
of OA and human clinical trials are still re-
quired to observe the effectiveness of MMP-
13 inhibitors as a DMOAD.

Aggrecanases, also known as a disintegrin 
and metallopro- teinase with thrombos-
pondin motifs (ADAMTs), are another class 
of metalloproteinases targeting aggrecan 
[69]. ADAMTS-4 and ADAMTs-5 are two 
key members from the ADAMTs family 
that are involved in cartilage degradation 
[70]. AGG-523 was the first selective oral 
aggrecanase inhibitor of ADAMTs-4 and 
ADAMTs-5 that has entered phase 1 clinical 
trials (NCT00454298 and NCT00427687), 
but the trials were suspended for unknown
reasons [71]. The anti-ADAMTS-5 nano-
body®, M6495, showed protection against 
cartilage breakdown in cartilage and syno

Key points

Table 2. Active NGF antibody programs for OA pain in Phase III trials.

Antibodyname(s) Target Active trial IDs Completed trial IDs
Tanezumab NGF NCT03031938 NCT02709486;

NCT02697773;
NCT00863304;
NCT00744471;
NCT00830063;
NCT00733902;
NCT02528188;
NCT02674386

Fasinumab NGF NCT03161093;
NCT02683239;
NCT03304379;
NCT02447276;
NCT03245008

NCT03285646

•	 OA is commonly associated with 
comorbidities, which may stem 
from lack of physical activity, 
medication toxicity, and the ef-
fects of inflammatory cytokines. 
It has been estimated that 31% 
of persons with OA have ≥5 co-
morbid conditions. Persons with 
hip and knee OA have ~20% 
excess mortality as compared 
with age-matched controls, due 
in part to lower levels of physical 
activity.

•	 OA arises from complex biolog-
ical processes that include carti-
lage, bone, synovium, ligaments, 
periarticular fat, meniscus, and 
muscle. The classic features of 
OA noted on radiographs in-
clude joint space narrowing due 
to loss of articular cartilage and 
meniscus, and bony changes 
including sclerosis of subchon-
dral bone and osteophytes. The 
effects of OA on cartilage, me-
niscus, syovium, subchondral 
bone and other structures can 
be appreciated on magnetic res-
onance imaging.
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vial joint tissue explant models after in vitro 
studies, are currently awaiting results from 
phase I (NCT03224702) and phase Ib clinical 
trials (NCT03583346) [72].

3.7. Senolytic agents
Aging is an important risk factor for most 
chronic diseases and functional deficits in 
human. The senescent cells accumulate in 
various tissues and organs with aging and 
have been hypothesized to disrupt tissue 
structure and function [73]. Therefore, re-
moving senescent cells from joints may be a 
potential treatment for OA [74,75]. UBX0101, 
which is a small-molecule senolytic com-
pound, is one of the most notable senolytic 
agents tested successfully in preclinical stu-
dies [76]. UBX0101 reduced the expression of 
senescence associated secretory phenotype 
(SASP) factors and improved overall joint 
function. Several randomized, controlled 
clinical trials of UBX0101 are currently on-
going to evaluate the efficacy, safety, and 
tolerability of intra-articular administration 
of UBX0101 in OA patients (NCT03513016, 
NCT04129944, and NCT04229225).

3.8. Mesenchymal stem cells (MSCs)
There is considerable controversy in the 
MSCs in OA area and the claims of MSCs 
having the hallmarks of ‘quack medicine’ 
[77] (desperate patients, pseudoscience, and 
large amounts of money being charged for 
unproven therapies) there is a great need 
for clarity of evidence to resolve this debate. 
Recently, several systematic reviews or me-
ta-analyses concerning this topic have been 
published. The most comprehensive and ro-
bust of these systematic reviews identified 
18 clinical trials on this topic, including 10 
single-arm prospective studies, four qua-
si-experimental studies and 4 RCTs treating 
a total of 565 patients with OA [78–80]. This 
meta-analysis demonstrated superiority for 
symptoms following MSCs intervention at 
12 and 24 months. However, after exclud-
ing the data from quasi experimental and 
single-arm uncontrolled prospective stu- 
dies and only using the data from RCTs 
(n = 4), the treat- ment of MSCs did not 
demonstrate superiority. There was clear 
evidence of publication bias and remark-
able hetero- geneity in methods of MSC 
preparation (often incompleely described) 
and concentration of MSCs with the vast 
majority of studies only including older pa-
tients with knee OA. Seven of the 18 trials 
reported adverse events after MSC treat-
ment, in which the predominant symptoms 

were local swelling and transient regional 
pain. There was no clear evidence of struc-
tural effects, but the studies that have inves-
tigated this have found evidence suggestive 
of an effect [81]. There does appear to be a 
dose–response relationship and advanced 
disease does not appear to be responsive. 
This was further highlighted in a systematic 
overview of the systematic reviews which 
reinforced the need for high-quality clinical 
studies with rigorous standardized method-
ology [82]. Ultimately, the lack of clear con-
clusions highlights the need for adequately 
powered, rigorous RCTs.

4. Summary of failures

For many of the agents highlighted in the 
prior section that are progressing toward 
late-stage development, they have learned 
pivotal lessons from previous trial failures. 
These include the recognition of structure 
and symptom discordance and the chal-
lenges in meeting symptom thresholds for 
improvement. The disease itself is incredibly 
heterogeneous and we have traditionally 
focused on people with end-stage disease 
where pharmacologic interventions may 
have limited effects. The repeated failures 
to translate from preclinical models into the 
human conditions are reported, because the
fact that one does not mimic the other is 
increasingly recognized. This section will fo-
cus on agents that have been through dis-
ease-modifying trials and have failed on one 
or other primary outcome.

4.1. Bisphosphonates
Bisphosphonates, such as alendronate, rise-
dronate, and zoledronic acid, were reported 
to have beneficial effects in improving symp-
toms and decreasing subchondral bone le-
sions from several observational studies [83]. 
Two case– control studies have demonstrat-
ed a delay of total knee joint replacement 
for elderly with OA after the treatment of 
bisphosphonates, in particular, if used in 
the long term [84,85]. However, the result was 
controversial because the rate of knee re-
placement depends not only on OA severity 
but also on patient preference. Recently, a 
meta-analysis concluded that the treatment 
of bisphosphonates contributes no signifi-
cant benefit in knee OA patients in terms of 
alleviating pain, improving function, or pre-
venting radio- graphic progression compare 
to placebo controls [86]. The failure of these 
RCTs might due to the re

Key points

•	 OA consists of multiple pheno-
types. Knee OA developing after 
anterior cruciate ligament tear 
might have a mechanism distinct 
from OA associated with obe-
sity. Individuals may have more 
than one mechanism at play, 
requiring multi-modal manage-
ment.

•	 It will be important to determine 
which individuals with early OA 
are more likely to progress rap-
idly and would benefit from an 
intervention designed to slow 
disease progression. Machine 
learning approaches using data-
sets that include demographic, 
imaging and biomarker data are 
being harnessed to identify such 
subsets.
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cruitment criteria of patients with too ad-
vanced OA for bisphosphonates therapy. 
Currently, a randomized, controlled clinical 
trial is ongoing to evaluate the efficacy and 
safety of intra-articular clodronate for knee 
OA (EudraCT 2018-002081-39).

4.2. Vitamin D
Vitamin D deficiency was found to be asso-
ciated with the development and progres-
sion of knee OA, including cartilageloss, 
increased radiographic joint space narrow-
ing (JSN) and pain [87]. However, whether 
vitamin D supplements can reduce OA pain 
remains controversial. A meta-analysis of 4
RCTs showed that vitamin D supplementa-
tion significantly improved WOMAC pain 
and loss of function, albeit not of a clinically 
significant magnitude and demonstrated no 
effect on WOMAC stiffness nor tibial car-
tilage volume [88]. Another RCT revealed 
that vitamin D supplementation significantly
reduced knee pain and improved function 
than placebo control [87]. It is possible that 
the treatment of vitamin D supplementation 
is effective for vitamin D deficiency patients 
[89], those with low vitamin D response in-
dex [90], those with inflammatory phenotype 
[91], and/or those who are not obese [92].

4.3. Interleukin-1 (IL-1) inhibitor
IL-1 is expressed in the cartilage, synovium, 
and synovial fluid of OA patients [93]. It is in-
volved in OA progression by stimulating the 
synthesis of mediators such as proteolytic 
enzymes and cytokines [94]. Therefore, sever-
al RCTs were conducted to explore whether 
IL-1 could be the potential approach for OA.
In one study, an IL-1 receptor antibody of 
AMG108 was intraarticularly injected into 
159 patients with knee OA once 4 weeks 
for 12 weeks [95]. No statistically significant 
differences were found between AMG108 
group and the placebo group in terms of 
pain release.

4.4. Inducible NO synthase (iNOS) inhib-
itors
The iNOS can produce nitric oxide (NO) and 
leads to the activation of MMPs, the inhibi-
tion of proteoglycan and collagen synthesis 
and the enhancement of inflammation [96]. 

The Cindunistat study (NCT00565812) was 
sponsored by Pfizer and targeted persons 
with medial tibiofemoral OA [97,98]. The
efficacy of SD-6010 was evaluated by radi-
ography using joint space narrowing in the 
medial tibiofemoral compartment of the 
study knee as the primary endpoint. A total 

of 1400 per-sons were enrolled in the main 
cohort (X-ray + Outcome Measures) and 
100 persons were enrolled in an MRI sub-
cohort (patients who underwent MRI of the 
knee); blood and urine samples were also 
collected from the small MRI subcohort. The 
duration of the trial for individual partici-
pants was 22 months. This study failed to 
show a reduction of JSN in knee OA.

4.5. Strontium ranelate
Strontium ranelate is an anti-osteoporotic 
drug which can increase bone formation, 
decrease bone resorption, and reduce carti-
lage degeneration [99,100]. Strontium ranelate
Efficacy in Knee Osteoarthritis trial (SE-
KOIA), a 3-year multi- centre, double-blind, 
randomized, placebo-controlled trial, was 
designed to evaluate the effect of strontium 
ranelate on radiological and clinical progres-
sion of knee OA [101]. The primary end-
point was radiographic change in JSW (me-
dial tibiofemoral compartment) over 3 years 
versus placebo. The SEKOIA study showed 
that treatment with strontium ranelate for 3 
years was associated with a beneficial effect 
on knee structure at a dose of 1 and 2 g/day
and on symptoms at a dose of 2 g/day in 
knee OA patients.

It does demonstrate clearly that disease 
modification is possible and the outcomes 
on both radiological and clinical progression 
of knee OA appear to be of clinical signifi-
cance. However, Servier is no longer man-
ufacturing strontium rane late because of 
concerns over cardiovascular safety and spe-
cifically thromboembolic side effects [102].

4.6. Steps to overcome these barriers
To date, there are no effective disease-mod-
ifying therapies that have been approved by 
regulatory bodies, and most patients are not 
satisfied with available symptom-modifying
drugs due to their modest effects and tox-
icity. As previously mentioned, there are 
some potential barriers to overcome in the 
production of effective OA therapeutics, 
because OA is a heterogeneous condition 
characterized by complex and multifactorial 
etiologies, there is still not consensus on trial
endpoints.

There are many obstacles related to bio-
marker validation and qualification in OA 
research and drug development. In 2010, a 
working group that included biomarker ex-
perts from acade-mia, NIH, FDA, and indus-
try was established. The immediate focus of 

Key points

•	 Osteoarthritis (OA) is the leading 
cause of pain, loss of function, 
and disability in the elderly and 
mainly affects the joints of the 
knee, hand, and hip. OA patho-
genesis is believed to involve 
both biomechanical and bio-
chemical factors, which poses a 
crucial challenge to the effective 
treatment of OA.

•	 OA reflects failure of the synovial 
joint organ and is a whole organ 
disease prominently affecting 
tissues including cartilage, sub-
chondral bone, and synovium. 
At present, there is no cure for 
OA and the currently available 
therapies are modest in their ef-
fect and often have a range of 
limiting side-effects.
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this group was to use standardized meth-
ods for biomarker validation and qualifica-
tion in OA, and then with shared purpose, 
pursue the validation of specific biomarkers 
[103]. The overarching OA Biomarker proj-
ect objective is to establish the predictive 
validity of disease progression biomarkers 
and assess the responsiveness of several im-
aging and biochemical markers pertinent to 
knee OA within the OAI study, which is a 
multi-center, longitudinal, prospective ob-
servational study focusing primarily on knee 
OA in 4796 persons aged 45–79 years [104].

OARSI submitted a White Paper entitled Os-
teoarthritis as a Serious Disease to the FDA 
on 1 December 2016. Since then, the FDA 
has recently expanded the definition of a 
serious condition. The white paper provid-
ed an extensive review of the epidemiology 
of OA, impact on the quality of life, related 
symptoms and functional disabilities, and 
association with increased co-morbidity risk 
and mortality. An additional systematic re-
view of clinically relevant outcomes in OA 
was undertaken to establish the argument 
that biomarkers (bio-chemical and/or im-
aging) used as intermediate endpoints can 
serve as surrogates of structural change [105]. 
Confirming OA as a serious disease was an 
important step for consideration of allowing 
the use of surrogate markers in the develop-
ment of structure-modifying therapies.

Encouragingly, the FDA acknowledged that 
OA can be a serious disease with an unmet 
medical need for therapies in their latest 
guidance document. This formal recognition
supports the potential use of surrogate end-
points for regulatory approval of a drug or 
biologic under FDA’s accelerated approval 
regulations. However, the use of surrogates 
or intermediate clinical endpoints for initial 
regulatory approval of a drug or biologic 
requires confirmation in a post-marketing 
study of a drug effect on a clinically rele-
vant outcome [106]. Therefore, post-market-
ing confirmatory studies need to be properly 
designed. So far, there have been a moder-
ate number of accelerated drug approvals 
for serious diseases and these provide in-
sights into possible study designs and end 
points for use in OA trials.

5. Special considerations

In the past few years, it is increasingly ap-
preciated that OA is a heterogeneous cond 

tion with different phenotypes, due to var-
ious disease mechanisms, structural abnor-
malities, clinical features, and treatment 
response. However, there is still no consen-
sus regarding specific OA subgroups. In ad-
dition, there is evidence of the discordance 
between radiographic severity and pain in 
OA [107], which implied that factors beyond 
joint pathology, such as pain sensitization, 
psychological factors, and high co-morbid-
ities, may also contribute to joint pain [108]. 
Thus, it is difficult to find a very effective 
therapy that may be generalizable for all pa-
tients. Therefore, future study should aim to 
classify OA patients into various phenotypes
and develop a tailored therapy according to 
specific factors involved in the pathogenesis 
of the disease and the clinical features of 
each patient.

Furthermore, for chronic diseases, such as 
OA, patients often need long-term med-
ication; therefore, drugs should not only 
demonstrate early efficacy but also ensure 
that the efficacy is sustainable and safe 
enough to balance the need for treatment 
progression.

Over the past decade, glucosamine (GS) and 
chondroitin sulfate (CS) have been wide-
ly used for the management of symptoms 
of OA [109]. Several RCTs demonstrated that 
when using joint JSW or cartilage volume 
loss (CVL) as outcome measures, single use 
of GS or CS could have small to moder-
ate structural protective effects in patients 
with OA [110–112]. Martel-Pelletier et al. 
demonstrated that the combination of GS/
CS and NSAIDs had reduced CVL over 24 
months in subregions when assessed with 
qMRI [113]. Some clinical trials demonstrate 
the effectiveness of prescription patent-
ed crystalline GS (pCGS) as a symptomatic 
slow-acting drug for OA (SYSADOA) with a 
greater effect on pain than paracetamol and 
within the same range as oral NSAIDs [114]. 
The effect size for other glucosamine prepa-
rations has however been consistently ap-
proximated to zero [115]. In this regard, the
ESCEO task force recommends prescription 
pCGS to be prescribed as a first-line SYS-
ADOA for medium to long term symptom 
control in place of other glucosamine pre-
parations [13]. Most other guidelines recom-
mend against their use (Table 1).

Hyaluronic acid (HA) is found naturally in sy-
novial fluid and is widely utilized therapeuti-
cally to treat OA [116]. The IA

Key points

•	 The current treatments main-
ly focus on reducing pain and 
other symptoms, as well as im-
proving joint functional capacity. 
Along with a better understand-
ing of pathological processes, 
some emerging disease-modify-
ing therapies have been studied 
and hold promise for future OA 
management.

•	 In this narrative review, we will 
discuss current pharmacological 
treatments for OA patients, in-
cluding traditional pharmacolog-
ical treatments recommended by 
guidelines, as well as provide an 
update on recent developments 
of emerging medications with a 
focus on disease modifying OA 
drugs. 
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injection of HA is purported to have symp-
tomatic effects and may modify structure 
[117]. In general, most guidelines do not ad-
vocate for the use of hyaluronic acid as most 
studies have found it difficult to identify a 
clear distinction between the use of HA 
and intra-articular placebo (typically saline) 
and this has been recognized in limited rec-
ommendations for the therapy (Table 1). A 
number of trials have failed to find a major 
modifying effect of HA structure as com-
pared to placebo [118,119]. It should be rec-
ognized that there is insufficient and poor 
evidence of a structure-modifying effect 
with these agents hence, more high-quality 
studies are needed to explore their positions 
as potential DMOADs in OA.

The popularity of IA administration has 
grown rapidly in recent years [120]. Compared 
to traditional oral drug administration, the 
IA route can minimize the systemic bioavail-
ability and attendant side-effects [121]. Studies 
have shown IA treatments are more cost-ef-
fective in reducing the burden on elderly in-
dividuals with multiple debilitating diseases 
[122,123]. However, due to the rapid removal 
of therapeutic substances from the synovial 
space, the potential benefits of IA therapy 
for OA are not achievable by using current-
ly available medicines and delivery vehicles. 
Sustained release systems are needed if the 
IA drug administration’s potential is to be 
realized [124]. Recent clinical trials have also 
demonstrated a large placebo effect from 
IA administration, which increases the chal-
lenge to evaluate the efficacy in DMOAD 
trials [125].

Recently, studies find that placebo is also 
effective for OA. The placebo/contextual ef-
fect is attributable to an average 75% pain 
reduction, 71% functional improvement 
and 83% stiffness improvement in OA treat-
ment [126]. This raises a question as to how, 
in clinical practice, to enhance the overall 
treatment effect of an OA intervention by 
improving the contextual effect, rather than 
extracting a specific treatment effect from 
the contextual effect as we typically do in 
clinical trials. Improving contextual factors 
such as patient–physician interaction or 
quality of care can achieve the enhance-
ment. It would be very beneficial to further 
work on the creation of a basic contextual 
enhancement package that all physicians 
can provide on the basis of individual needs.

6. Expert opinion

OA is a chronic joint condition with numer-
ous etiologies and different phenotypes. 
The osteoarthritic process is associated with 
structural abnormalities in articular cartilage, 
subchondral bone, synovial tissue, and oth-
er local tissues. Despite therapies and on-
going research that are currently available, 
there is still no ‘cure’ for OA. In today’s clin-
ical practice, physical and behavioral inter-
ventions, including exercise and weight loss 
remain the first-line therapies. In addition 
to alleviating pain and symptoms, the de-
sired disease-modifying treatments should 
help rebuild normal cartilage structure and 
restore joint function. In view of the fact 
that OA is an entire joint condition rather 
than just articular cartilage, it is important 
to search for new therapeutic targets in 
changes in other tissues including subchon-
dral bone remodeling or synovial inflamma-
tion. Traditional OA medications have been 
reported to be active in the management of 
pain and inflammation, but cannot reverse 
the OA cycle. Frequently occurring side ef-
fects conflict with their widespread use. 
Compared to traditional OA medications, 
new disease-modifying OA drugs that act by 
reducing inflammation, increasing cartilage 
repair, and inhibiting OA degeneration are 
associated with more pronounced effects 
and less side effects than traditional drugs. 
Most new drugs, however, are in the pre-
clinical stage. Long-term RCTs are expected 
to improve the safety and efficacy of novel 
OA pharmacotherapy medicines.
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Key points

•	 Currently, most guidelines do 
not advocate for long-term use 
of opioids. The mechanism of 
action of opioids on OA is to in-
hibit the central nervous system 
pain pathway by binding the 
mu-opioid receptor. However, 
use of opioids is discouraged 
due to the serious side effects, 
such as:

•	   Nausea
•	   Vomiting
•	   Dizziness
•	   Drowsiness
•	   Constipation
•	 Headache
•	 Pain is the dominant symptom of 

OA and is the main reason peo-
ple seek care and an important 
determinant of their ongoing 
management success. NSAIDs 
and other analgesics are widely 
used clinically to relieve pain. 
However, the avail- able drugs 
have side effects or toxicity pro-
files that are not suitable for 
long-term use.
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