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Osteoarthritis Epidemiology

528 Million

30%

#1

#3
~10–15%

#2



Clinical Knee Osteoarthritis
Pain is 

Primary Clinical 
Symptom

People Are 
Living Longer 
with Knee OA

Joint Replacement: 
“Definitive 
Treatment”

Limited  
Management 

Options



Unintended Consequences

Stokes, et al. JAMA Network Open 2019
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Scope of the OA Problem 

Cost Burden

• >500 million adults globally

• 15% adult population
Prevalence Burden

• >$100s billion annually

• >900,000 hospitalizations

• Disability
• Quality of Life
• Opioid Epidemic

Lack of (use of) 
Effective Therapies



Case 1
54 Year-old Woman 



Questions for you

Running

Has Used Acetaminophen

Asking About 

Injections ‘Natural’ Remedies



Osteoarthritis Guidelines



General Approach to OA Management

“Nonpharmacologic”

Self-mgmt. + 
Education

Physical

Mind-BodyTopical, 
po, ia Rx



Single agent acetaminophen not effective
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active treatment. This threshold of 0·37 SD units is based 
on the median minimum clinically important difference 
reported in studies in patients with osteoarthritis.27 An 
effect size of 0·37 corresponds to a difference of 9 mm 
on a 100 mm visual analogue scale. Third, the surface 

under the cumulative ranking (SUCRA) line; an 
intervention with a SUCRA value of 100 is certain to be 
the best, whereas an intervention with 0 is certain to be 
the worst.28

Analyses were done with Stata (StataCorp LP 2005. 
Stata Statistical Software: Release 12. College Station, TX, 
USA) and WinBUGS (MRC Biostatistics Unit 2007. 
Version 1.4.3 Cambridge, UK).

Role of the funding source
The funder of the study had no role in study design, data 
collection, data analysis, data interpretation, or writing of 
the report. All authors had full access to all the data in the 
study and the corresponding author had final 
responsibility for the decision to submit for publication.

Results
We identified 8973 reports, of which 76 randomised clinical 
trials investigating seven different NSAIDs and paracetamol 
were described and included in the analysis (appendix 2). 
23 nodes were included in our network meta-analysis. Each 
of the nodes concerned different interventions with specific 
daily dose of administration, or placebo (figure 1). Celecoxib 
200 mg/day was the most frequently investigated 
intervention (40 trials), whereas four interventions were 
investigated by only one trial (table).

Across trials, the mean age of patients ranged from 
58 to 71 years, the percentage of female patients ranged 
from 49% to 90%, and the median follow-up was 12 weeks 
(range 1–56 weeks). In total, 58 451 patients were included 
in our primary analysis of osteoarthritis pain. The 
interventions with the most randomly assigned patients 
were celecoxib 200 mg/day (11 507 patients) and naproxen 
1000 mg/day (7997 patients), whereas the interventions 
with the fewest randomly assigned patients were 
diclofenac 70 mg/day (104 patients) and etoricoxib 
90 mg/day (112 patients).

Paracetamol <2000 mg
Paracetamol 3000 mg
Paracetamol 3900–4000 mg* 
Rofecoxib 12·5 mg
Rofecoxib 25 mg* 
Rofecoxib 50 mg 
Lumiracoxib 100 mg
Lumiracoxib 200 mg* 
Lumiracoxib 400 mg 
Etoricoxib 30 mg
Etoricoxib 60 mg* 
Etoricoxib 90 mg 
Diclofenac 70 mg 
Diclofenac 100 mg
Diclofenac 150 mg* 
Celecoxib 100 mg 
Celecoxib 200 mg
Celecoxib 400 mg* 
Naproxen 750 mg
Naproxen 1000 mg*
Ibuprofen 1200 mg
Ibuprofen 2400 mg*

–0·07 (–0·42 to 0·27)
–0·18 (–0·68 to 0·32)
–0·16 (–0·27 to –0·06)
–0·42 (–0·50 to –0·35)
–0·50 (–0·58 to –0·43)
–0·63 (–0·85 to –0·39)
–0·33 (–0·44 to –0·23)
–0·33 (–0·43 to –0·24)
–0·42 (–0·57 to –0·28)
–0·49 (–0·61 to –0·37)
–0·58 (–0·74 to –0·43)
–0·62 (–0·91 to –0·32)
–0·26 (–0·63 to 0·12)
–0·41 (–0·61 to –0·22)
–0·57 (–0·69 to –0·45)
–0·14 (–0·29 to –0·01)
–0·35 (–0·40 to –0·31)
–0·32 (–0·46 to –0·18)
–0·05 (–0·43 to 0·33)
–0·40 (–0·48 to –0·33)
–0·30 (–0·86 to 0·25)
–0·42 (–0·55 to –0·30)

p=0·68

p=0·48

p=0·26

p=0·88

p=0·078

p=0·058

p=0·050

p=0·42

Favours active treatment Favours placebo

–1·25 –1·0 –0·75 –0·50 –0·25 0 0·25 0·50

Effect size (95% CrI)Intervention

Figure 2: Estimates of the treatment effects on pain for different daily doses of NSAIDs and paracetamol 
compared with placebo
Between trial-heterogeneity τ²=0·012 (95% CrI 0·008–0·018). Analysis considers data from all timepoints as 
available. Area between dashed lines shows the treatment effect estimates below the minimum clinically important 
difference. Two-sided p values are derived from tests of linear dose–effect. NSAID=non-steroidal anti-inflammatory 
drug. CrI=credibility interval. *Maximum approved daily dose..
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(Continued from previous page)

Yocum et al (2000)† Placebo vs diclofenac 
(50 mg/bid) 

Placebo (1) vs diclofenac 
100 mg (15) 

779/65% 12 63 Knee and 
hip 

Yes Unclear Unclear/
unclear 

High 

Yoo et al (2014)† Celecoxib (200 mg/qid) vs 
etoricoxib (30 mg/qid)

Celecoxib 200 mg (18) vs 
etoricoxib 30 mg (11)

239/90% 12 63 Knee Yes Unclear Low/low High

Zacher et al (2003)† Diclofenac (50 mg/tid) vs 
etoricoxib (60 mg/qid)

Diclofenac 150 mg (16) vs 
etoricoxib 60 mg (12)

516/80% 8 63 Knee and 
hip

Yes Unclear Low/low High

Full references for all trials are given in the appendix. bid=twice a day. tid=three times a day. qid=four times a day. q6d=six times a day. *Intervention node number corresponds to those given in the legend of 
figure 1.†Industry funded trial. ‡Unclear whether industry funded.

Table: Characteristics of included trials
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Click to edit Master title style

SMD -0.3 (-0.4 to -0.2) vs. placebo
Minimal systemic absorption
Fewer AEs

Topical NSAIDs



Back to the patient

Running

Asking About 

Injections ‘Natural’ Remedies



Is Running Bad for Knee OA?
• No increased risk for recreational running

Timmins, et al. ASJM 2016Gessel, et al. CSMR 2019



Key: Avoid Knee Injury

Driban, et al. JAthlTrain 2017



Exercise is Effective for Knee OA Pain

Verhagen, et al. OA&C 2019

SMD = 0.5



Many Forms of Exercise
Strong Recommendation For:

Aerobic

Strengthening Neuromuscular Aquatic

Exercise

6000 Steps/day 
reduces incident functional limitations



Weight Loss

Messier, et al. JAMA 2013

• D and D+E lost more weight than E alone

• Weight loss:
• Less pain, improved function, faster walking 

speed, decreased knee loading

IDEA RCT
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PT Referral & Lifestyle Counselling by PCPs is 
Underutilized

Khoja, et al. AC&R 2020

PCP mgmt of knee OA: NAMCS 2007-2015



Back to the patient

Running

Asking About 

Injections ‘Natural’ Remedies



Does she need a knee MRI?

•Meniscal lesion?
• >700,000 arthroscopic partial meniscectomies annually



APM vs. Sham Surgery
Partial Meniscectomy vs. Sham for Meniscal Tear

n engl j med 369;26 nejm.org december 26, 2013 2521

degenerative knee disease and varying degrees 
of knee osteoarthritis),6-8,21,22 we assessed whether 
arthroscopic partial meniscectomy is effective un-
der “ideal” circumstances.9,23 Accordingly, we se-
lected patients who would be expected to benefit 
from arthroscopic partial meniscectomy — 
those with a degenerative tear of the medial 
meniscus24,25 and no osteoarthritis19 — and the 
surgeons performing the operations were highly 
experienced. The use of a sham-surgery control, 
with study-group assignments concealed from 
patients as well as from those collecting data 
and analyzing outcomes, further increased the 
rigor of our trial. Because the act of performing 
surgery itself has a profound placebo effect,6,26,27 
a true treatment effect is impossible to distin-
guish from nonspecific (placebo) effects without a 
sham comparison group.28 Such bias is a particu-
lar concern in trials with subjective end points.29 
The proportion of patients who guessed that 
they had undergone a sham procedure was 
similar in the two groups, which indicates that 
the study-group assignments were concealed ef-
fectively and probably also contributed to the low 
treatment conversion rate (7% [5 of 76 patients]) 
in the sham-surgery group.

Some limitations of our trial warrant discus-
sion. Our results are directly applicable only to 
patients with nontraumatic degenerative medial 
meniscus tears, because a traumatic onset of the 
condition was an exclusion criterion. However, 
results of a post hoc subgroup analysis limited 
to patients who had a sudden onset of symptoms 
likewise showed no significant benefit of ar-
throscopic partial meniscectomy over sham sur-
gery, although the sample for this analysis was 
small. It is possible that some enrolled patients 

had knee osteoarthritis that was not apparent 
with the use of the clinical10 and radiological11 
criteria we used for diagnosis, but our approach to 
diagnosing osteoarthritis was consistent with ear-
lier controlled trials6,7 and with clinical practice. 
The observed 95% confidence intervals around 
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Sham surgeryArthroscopic partial meniscectomyFigure 2. Primary Outcomes in the Partial-Meniscectomy 
Group and the Sham-Surgery Group.

Lysholm knee scores (Panel A), Western Ontario Meniscal 
Evaluation Tool (WOMET) scores (Panel B), and scores 
for knee pain after exercise (Panel C) over the 12 -month 
follow-up period are shown. Lysholm knee scores and 
WOMET scores range from 0 to 100, with lower scores 
indicating more severe symptoms; scores for knee pain 
after exercise range from 0 to 10, with higher scores indi-
cating more severe pain. I bars denote 95% confidence 
intervals. A single value was missing for one patient in 
the sham-surgery group at the 6 -month follow-up and 
for one patient in the partial-meniscectomy group at the 
12 -month follow-up; these values were not imputed.

The New England Journal of Medicine 
Downloaded from nejm.org on October 1, 2018. For personal use only. No other uses without permission. 

 Copyright © 2013 Massachusetts Medical Society. All rights reserved. 

Sihvonen, et al. NEJM 2013 Sihvonen, et al. BrJSM 2020



APM vs. PT

Van de Graaf, et al. JAMA 2018 Katz, et al. A&R 2019



Risks of APM?

2- to 5-fold higher knee replacement risk in 
APM vs. PT

Increased risk of knee OA in APM vs. sham

Katz, et al. A&R 2020; Sihvonen, et al. BrJSM 2020 



Strong Recommendation Against APM

Siemieniuk, et al. BMJ 2017



Back to the patient

Running

Asking About 

Injections ‘Natural’ Remedies



Intra-articular corticosteroid injection

Conaghan, et al. JBJS 2018

Copyright 2017 American Medical Association. All rights reserved.

a hypothesis based on clinical trial results in which saline
was used as a comparator with apparent symptomatic
improvement.36 However, there is a strong placebo response
to intra-articular injection, and no prior trials included a
sham injection. Also, the rate of cartilage loss in this study
was commensurate with that observed in prior natural his-
tory studies, so it is likely that the difference in cartilage loss
rates between groups was due to an adverse effect of intra-
articular corticosteroids on cartilage rather than a benefit
from intra-articular saline.

There was a significant difference in HbA1c levels be-
tween groups observed by the end of the study, but this fa-
vored the triamcinolone group and may be due to chance.

Limitations
This study has several limitations. First, symptom ascertain-
ment took place every 3 months with the goal of measur-
ing long-term effects on these outcomes. Pain was not mea-
sured within the 4-week period after each injection, during
which benefits are known to occur.37 Thus, any transient
benefit on pain ending within the 3-month period between
each injection could have been missed by these methods.
Second, participants were permitted to continue their usual
medications during the trial, which might have attenuated
any between-group differences in symptom outcomes even
though participants were asked to discontinue nonsteroidal
anti-inflammatory drugs prior to each assessment, and the

Figure 2. Pain and Function Scores of Patients With Knee Osteoarthritis Treated With Triamcinolone vs Saline
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What about Adverse Effects? 

Short-term efficacy

No long-term efficacy

Unclear clinical implications for potential MRI cartilage finding
• Less than one voxel on MRI
• 0.1mm over 2 years: ~1mm over 20 years
• Not associated with pain, function

Intra-articular Corticosteroid Injections



I.A. Corticosteroids

• Intra-articular steroid injections (knee, hip)
• Imaging guidance for steroid injections (hip)

Strong Recommendations For:



Controversy about I.A. Hyaluronic Acid

Johansen, et al. Sem Arth Rheum 2016

Intra-articular Hyaluronic Acid

Rutjes, et al. Ann Int Med 2012



I.A. Hyaluronic Acid Not Recommended 

Rutjes, et al. Ann Int Med 2012
Johansen, et al. Sem Arth Rheum 2016

Overall risk of bias, blinding, trial size

Effect size when limited to large trials with blinded assessments: 
-0.11 (95% CI -0.18 to -0.04)

Effect size of low risk-of-bias trials: 0.00 (-0.13 to 0.12)

Safety signal: flares, SAEs, local AEs

Intra-articular Hyaluronic Acid



Other injectables?

• No evidence for PRP, stem cell, etc.



Back to the patient

Running

Asking About 

Injections ‘Natural’ Remedies



Glucosamine/Chondroitin

Wandel, et al. BMJ 2010

Predominance of negative studies

No. of Trials 10 7 6 4 3 3 3 3 5

No. of Patients 3786 2009 2828 1353 1046 1046 1046 1046 1558
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Other Adjunctive Approaches?



Devices/Orthoses

Cane Use 
(Hip, Knee)

Tibio-femoral 
Knee Brace

1st CMC 
Orthoses

Strong Recommendations For:



Behavioral, Psychosocial, Mind-Body, Physical 
Approaches

Conditional Recommendations For:
Balance Training 

(Hip, Knee) Yoga (Knee) Cognitive 
Behavioral Therapy

Kinesiotape 
(1st CMC, Knee)

Other Hand 
Orthoses

Patello-femoral 
Knee Brace Acupuncture Thermal Interventions Radiofrequency 

Ablation (Knee)



First-line Approaches

Weight loss, PT, physical activity

General Best Practices:  Assess Sleep, Mood, Coping Skills, Physical Activity

Strong Recommendations For:



Current OA Management Landscape



Physical & Mind-Body Approaches
Intervention Hand Knee Hip
Self-efficacy/Self-management
Exercise
Weight Loss
Tai Chi
Cane
Tibiofemoral Knee Braces TF
Hand Orthosis 1st CMC
Balance Training
Yoga
CBT
Patellofemoral Braces PF
Kinesiotaping 1st CMC
Hand Orthosis Other
Acupuncture
Thermal Interventions
Paraffin
Radiofrequency Ablation
TENS
Modified Shoes
Lateral and Medial Wedged Insoles
Massage Therapy
Manual Therapy +/- Exercise 
Iontophoresis 1st CMC
Pulsed Vibration Therapy



Pharmacologic Approaches
Intervention Hand Knee Hip
Topical NSAIDs
Oral NSAIDs
Intra-Articular Corticosteroid Injection
Ultrasound Guidance for IACS
Acetaminophen
Duloxetine
Tramadol
Topical Capsaicin
Chondroitin Sulfate
Glucosamine
Hydroxychloroquine 
Methotrexate
Biologics (TNF inhibitors, IL-1 RAs)
Intra-Articular Hyaluronic Acid Injection 1st CMC
PRP, Stem Cell
Non-Tramadol Opioids
Colchicine
Fish Oil, Vitamin D, Bisphosphonates
i.a. Botulinum Toxin, Prolotherapy



General Approach

Self-mgmt. + 
Education

Physical

Mind-BodyTopical, 
po, ia Rx



Individualized Multimodal Approach

Bowden, et al. Nat Rheum Rev 2020



OA Management Summary

• Physical modalities

• Multimodal therapy

• Consider & manage other contributors to pain

• Realistic goals about symptoms, function

• Urgent need for DMOADs and pain management options

• Mechanism-based approach to management
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