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Doctor – Should I Stop Running?

Is there more to this story 
that we are missing?



• Pathogenesis of OA

• Treatment Guidelines

• Running and OA – Basic Science

• Running and OA – Clinical Studies

Outline 



Pathogenesis of OA – Changing Paradigm

Jiang Y Osteoarthritis 
& Cartilage 2022

How will these molecular targets 
lead to successful new treatment 
approaches?



OA Molecular Phenotyping – Lost In Translation?

“The biggest challenge 
for OA drug discovery 
and development are the 
translation of  preclinical 
discoveries to the clinical 
setting.”

Mobasheri & Loeser Nat 
Rev Rheumatol 2024

Problems cannot be solved with the same level of 
awareness that created them.
   Albert Einstein



• In vivo model monitoring OA incidence and progression 
following ACL injury

Osteoarthritis & Cartilage – In 
Review

PTOA – A Distinct Phenotype? 



Extensive molecular cross-talk and important 
cellular components between the IFP and the 
synovium within the joint capsule which are 

responsible for inflammation/fibrosis

Greif et al., 2020 Front. Bioeng. Biotechnol



Treatment Guidelines for OA

Kennedy S, Tambiah JRS, Lane NE. Best Practice & 
Research Clin Rheum 2023

What About Running?



Mesenchymal Stem Cell Therapies – The Future Of 
Orthobiologics and OA?

THE GOAL OF LIFE 
is to die young

As late as possible!



Naja M et al. Comparative effectiveness of nonsurgical 
interventions in the treatment of patients with knee OA
     Medicine 2021

• 15 – 30% of patients express dissatisfaction with total joint arthroplasty 
(Parvizi, Nunley, Berend et al. Clin Orthop Relat Res 2014)

• Systematic review and network meta-analysis (Bayesian approach)
• RCTs evaluating nonsurgical treatment strategies – majority - mild to knee 

OA (KL 1-2)
• Primary outcome – change from baseline in WOMAC total score at 12 

months
• Secondary outcomes – WOMAC at 3 and 6 months, VAS at 12 months
• 13 trials – 7 strategies (PRP, corticosteroids, MSCs, hyaluronic acid, ozone, 

NSAIDs with or without physiotherapy)
• Quality – Cochrane Collaboration tool for risk of bias
• GRADE methodology – quality of evidence



Naja M et al. Comparative effectiveness of nonsurgical 
interventions in the treatment of patients with knee OA
     Medicine 2021



Naja M et al. Comparative effectiveness of nonsurgical 
interventions in the treatment of patients with knee OA
     Medicine 2021

• Reference treatment = hyaluronic acid
• Both MSCs and PRP produced differences with a decrease in WOMAC 

with MSCs showing highest probability of treatment effect 
• Other 4 strategies – no differences



Bench To Parkside Or Parkside To Bench?

Society

Cell

How can we match clinical 
phenotypes with disease (molecular) 
endotypes to improve care?
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http://images.google.com/imgres?imgurl=http://images.netshops.com/mgen/master:WTI011.jpg&imgrefurl=http://www.netshops.com/outdoorliving/benches/outdoorgliders/759+14.cfm&h=1600&w=1600&sz=402&hl=en&start=32&usg=__3aen7XzMZFNXsPaawDVoZsFCdl4=&tbnid=eQTU0mDJ640nkM:&tbnh=150&tbnw=150&prev=/images?q=park+bench&start=21&gbv=2&ndsp=21&hl=en&sa=N


Matching Molecular Endotypes And Clinical 
Phenotypes – Allergic Diseases

“One of the most exciting 
developments in OA research has 
been the emergence of clinical 
phenotypes and molecular 
endotypes which will pave the 
way toward an understanding of 
the therapeutic subtypes 
(theratypes) of OA, as has been 
proposed for other inflammatory 
diseases, such as allergy and 
asthma.” 

Mobasheri & Loeser 2024

Agache and Akdis J Clin Invest 2019



Basic Science – What Do We Know

• Immobilization induces OA in dogs and rabbits (Videman 
1995, Palmoski 1981)

• Articular cartilage is avascular and receives nutrients 
through synovial fluid

• Moderate running (1h @ 4km/h) increases femoral 
articular cartilage (Kiviranta 1988)

• But 3-4 h @ 6 km/h decreases femoral articular cartilage 
(Kiviranta 1992)

• Maybe some movement is necessary to prevent OA, but 
repetitive impact (at certain ‘dose’ – magnitude, 
duration, frequency) also causes OA?



Animal Model Studies - Summary



Changes in Cartilage Biomarker Levels During an 
Ultramarathon

• Roos and Dahlberg 2005 – increase glycosaminoglycan content in the 
weight-bearing posterior medial femoral condyle after moderate exercise

• Schutz et al 2014 – multistage marathon – initial increase in T2 signal 
followed by slight decrease throughout remainder of race and no change in 
ankle cartilage thickness

• Mundermann et al 2017 Am J Sports Med - 36 runners (49.0 +/- 10.7 years), 
blood samples before and during similar event (Italy -> Norway)

• Serum COMP, MMP-1, MMP-3, MMP-9, C2C, and CPII levels by ELISA
• Linear mixed models used to detect significant changes over time with 

covariates including body weight, running speed, and daily running time



Changes in Cartilage Biomarker Levels During an 
Ultramarathon

• COMP, MMP-3, MMP-9 levels all increased within 11 days and 
remained elevated

• No change in MMP-1, C2C, CPII
• Linear correlation between MMP-3 and COMP levels for all 

participants (r2 = .969) – is MMP-3 involved in degradation of 
COMP?

• Is high dose running bad for you?
• Studies suggest initial increase in T2 in both ankle and knee 

followed by decrease to steady state over time when short 
term rest intervals are included

• Hinterwimmer et al 2014 – 6 month training program, 3-D 
MRI before training, pre- and post-marathon – Minimal 
cartilage volume/thickness decreases noted



“Feet Don’t Fail Me Now”



Clinical Science – Before 2000

Cohort

Case-Control

Cross-Sectional

Activity
Causes OA
Lane 1999 (women)
Spector 1996*
Kujula 1994*
Lindberg 1993*
Marti 1989*
Felson 1988 (men only)
Klunder 1980*
Cheng 2000

Lau 2000 
Vingard 1993 (T&F)
Vingard, 1998

No Difference

Kettunen 2001, Kujula 1995 
Lane 1990, 1993, 1998
Konradson 1990*
Sohn 1985*
Puranen 1975*

Vingard 1993

Panush 1986
Lane 1986
Solonen 1966*



Long Distance Running and Knee Osteoarthritis 
A Prospective Study Chakravarty et al 2008 Am J Prev Med

• Prospective study of 45 long-distance runners and 53 controls, mean age 58 
(range 50-72) studied 1984-2002

• Serial knee radiographs scored for Total Knee Score (TKS) by modified KL grading
• Multivariate regression analyses for relationship between runner versus control 

and radiographic outcomes – age, gender, BMI, education, initial radiograph, and 
disability scores as covariates

• Initial analysis – 6.7% of runners and O% controls with OA
• End of study – runners did not have more prevalent OA (20 vs. 32%, p = 0.25) nor 

more cases of severe OA (2.2 vs. 9.4%, p = 0.21) than did controls
• Higher BMI, initial radiographic damage, greater time from initial radiograph – 

worse radiographic OA at final assessment
• No association with gender, education, previous knee injury, mean exercise time
• No report of clinical symptoms, only tibiofemoral OA reported, ? Selection bias 

(healthy runners)



Does running protect against knee OA? Or promote it? 
Assessing the current evidence – Leech and Batt AJSM 2015

• 10 key papers examining effect of recreational running and risk for knee 
OA

• 7 studies – no relationship (first study 1993 review of Framingham data)
• Lo G et al. Arthritis & Rheum - 2014 – “Habitual running any time in life 

is not detrimental and may be protective of symptomatic knee 
osteoarthritis”

• Driban et al. J Athl Train 2015 – Is participation in certain sports 
associated with knee osteoarthritis? A systematic review. 

• Self selection bias in these studies – largely examined older participants 
who remain able to run in later life

• ‘The shape of the curve representing increased (or decreased) risk of 
knee osteoarthritis as a consequence of running is unknown, and 
specifically how much running (if any) is too much?’



Running and Knee Osteoarthritis: A Systematic Review and Meta-analysis
Kate A. Timmins,* PhD, Richard D. Leech,* MSc, Mark E. Batt,*y MB BChir, DM, FFSEM, and Kimberley L. Edwards,*z§ PhD
University of Nottingham, Nottingham, UK     AJSM 2016

Purpose: To determine the association between running and the development of knee OA.
Study Design: Systematic review and meta-analysis.
Methods: Four electronic databases were searched, along with citations in eligible articles and 
reviews and the contents of recent journal issues. Two reviewers independently screened the titles 
and abstracts using prespecified eligibility criteria. Full-text articles were also independently assessed 
for eligibility. Eligible studies were those in which running or running-related sports (eg, triathlon or 
orienteering) were assessed as a risk factor for the onset or progression of knee OA in adults. 
Relevant outcomes included (1) diagnosis of knee OA, (2) radiographic markers of knee OA, (3) knee 
joint surgery for OA, (4) knee pain, and (5) knee-associated disability. Risk of bias was judged by use 
of the Newcastle-Ottawa scale. A random-effects meta-analysis was performed with case-control 
studies investigating arthroplasty.
Results: After de-duplication, the search returned 1322 records. Of these, 153 full-text articles were 
assessed; 25 were eligible, describing 15 studies: 11 cohort (6 retrospective) and 4 case-control 
studies. Findings of studies with a diagnostic OA outcome were mixed. Some radiographic differences 
were observed in runners, but only at baseline within some subgroups. Meta-analysis suggested a 
protective effect of running against surgery due to OA: pooled odds ratio 0.46 (95% CI, 0.30-0.71). 

Conclusion: It was not possible to determine the role of running in knee OA. Moderate- to low-quality 
evidence suggests no association with OA diagnosis, a positive association with OA diagnosis, and a 
negative association with knee OA surgery. Conflicting results may reflect methodological 
heterogeneity. More evidence from well-designed, prospective studies is needed.



Does running protect against knee OA? Or promote it? 
The OAI Version Of The Story

• Lo et al Arthritis Care & Research 2017
• Retrospective cross-sectional study of OAI participants (2004-2014) with 

knee radiographs, symptom assessment, lifetime physical activity 
surveys

• 2637 participants – 55.8% female, 64.3 +/- 8.9 yrs age, BMI 28.5 +/- 4.9 
kg/m2

• 29.5% ran (at some time in their lives)
• Unadjusted OR for prior/current runners compared with those who 

never ran
• Pain (0.83 and 0.71), Radiographic OA (0.83 and 0.78), Symptomatic OA 

(0.81 and 0.64)
• Adjusted models were similar



Does running protect against knee OA? Or promote it? 
The OAI Version Of The Story

• Lifetime physical activity questionnaire – validated and used to establish 
links between lifetime physical activity and bone mineral density, risk for 
diabetes, and risk for ovarian cancer

• 75% reported running at least 250 times in their lives, 50% at least 800 
bouts, 25% at least 2,000 bouts 

• Observational study – people chose whether or not to run
• Cross-sectional study – influence of running in those with preexisting 

knee OA cannot be ascertained
• “There is no increased risk of symptomatic knee OA among self-selected 

runners compared with nonrunners. In those without OA, running does 
not appear to be detrimental to the knees.”





• Retrospective design, lack of blinding, 
OA not graded

• Considerable heterogeneity in sex, age, 
activity



Sports Health 2024



Sports Health 2024



Sports Health 2024



Physical Therapy in Sport 2023

• Historically – KOA attributed to excessive mechanical loading (Radin et al, 
1972)

• OA – multifactorial disease affecting entire knee joint – cartilage, 
subchondral bone, synovium, meniscus 

• Running itself (at proper dose – magnitude, duration, frequency) beneficial 
for cartilage health 

• In vitro studies – highly cyclic loading at low magnitude increases 
biomarkers of cartilage health (Griffin & Guilak, 2005)

• Cyclic loading – facilitates transfer of nutrition from synovial fluid to 
cartilage and meniscus 

• Some level of regular running is beneficial for cartilage health



Physical Therapy in Sport 2023

• Question – Do these beneficial changes in markers of cartilage health result 
in low knee OA prevalence in long-term runners?

• Conflicting evidence – higher knee OA prevalence in competitive runners, 
but not recreational runners, when running for longer than 15 years 
(Alentorn-Geli et al, 2017)

• Knee OA prevalence lower in runners compared with controls (Alentorn-Geli 
et al, 2017)

• Runners – 50% reduced odds of undergoing future knee surgery secondary 
to OA

• Is it possible that a dose-response curve explains contradictory results?



Physical Therapy in Sport 2023



Physical Therapy in Sport 2023

• No difference in knee OA prevalence between runners and controls



Physical Therapy in Sport 2023

“It is unclear whether 
running volume is 
associated with 
increased risk of 
osteoarthritis.”



Exer Sports Sci Review 2017

• OA – complex balance of anabolic and catabolic cellular metabolism mediated by local 
mechanical, as well as systemic inflammatory factors

• In vitro – human articular cartilage fatigue life (number of loading cycles until fracture) decreases 
exponentially as peak stress per loading cycle increases

• If peak load increases peak cartilage 
     stress, cartilage adapts to withstand
     this new stress given sufficient rest,
     nutrition, and absence of 
     comorbidities 



Exer Sports Sci Review 2017

• Peak load per stride in running is quite high but average load 
accumulated per stride is surprisingly low (total dose of running – 
magnitude/duration/frequency remains in question)

• Due to viscoelastic nature of cartilage, internal strains induced by 
high peak loads during running are relatively low

• Living cartilage in a healthy state adapts to withstand higher stresses



Osteo & Cartilage 2022



Helion 2023



Effects of Running on the Development of Knee Osteoarthritis
An Updated Systematic Review at Short-Term Follow-up
Jaydeep Dhillon,* BS, Matthew J. Kraeutler,†# MD, John W. Belk,‡ BA, Anthony J. Scillia,§k MD, Eric C. McCarty,{ MD, Jeremy 
K. Ansah-Twum,‡ BS, and Patrick C. McCulloch,† MD
Investigation performed at Rocky Vista University College of Osteopathic Medicine,  AJSM 2023
Colorado, USA

Background: Some studies have suggested that running increases the risk of knee osteoarthritis (OA), while others 
believe it serves a protective function.
Purpose: Perform an updated systematic review to determine the effects of running on the development of knee OA.
Study Design: Systematic review; Level of evidence, 4.

Methods: PubMed, Cochrane Library, and Embase databases for studies evaluating the effect of cumulative running on 
the development of knee OA or chondral damage based on imaging and/or patient-reported outcomes (PROs). The 
search terms used were “knee AND osteoarthritis AND (run OR running OR runner).” Patients were evaluated based on 
Xrays, MRIs, and PROs (presence of knee pain, Health Assessment Questionnaire-Disability Index, and KOOS).

Results: Seventeen studies (6 level 2 studies, 9 level 3 studies, and 2 level 4 studies), with 7194 runners and 6947 
nonrunners, met inclusion. Mean follow-up time was 55.8 months in the runner group and 99.7 months in the 
nonrunner group. Mean age was 56.2 years in the runner group and 61.6 years in the nonrunner group. 
There was higher prevalence of knee pain in the nonrunner group (P < .0001). Although 1 study found a significantly 
higher prevalence of osteophytes in the tibiofemoral (TF) and patellofemoral (PF) joints within the runner group, 
multiple studies found no significant differences in the prevalence of radiographic knee OA (based on TF/PF joint-space 
narrowing or KL grade) or cartilage thickness on MRI between runners and nonrunners (P > .05). One study found a 
significantly higher risk of knee OA progressing to total knee replacement among nonrunners (4.6% vs 2.6%; P < .014).
Conclusion: In the short term, running is not associated with worsening PROs or radiological signs of knee OA and may 
be protective against generalized knee pain.



Gait & Posture 2024

OA location not stated



J Sport Health Sci 2024



J Sport Health Sci 2024



J Orthop Sports Phys Ther
2024



Orthop J Sports Med 2022



Summary

• Heterogenous nature of OA makes it difficult to study ideal, personalized 
treatments

• Joint loading – appears to be a ‘U-shaped’ response
• Basic science and translation to humans – acute vs chronic joint loading
• Clinical studies

• Higher association with sports such as soccer 
• Number of studies and analyses suggest running NOT harmful to the weight-

bearing joints
• Key may be ‘dose’ of joint loading

• Identifying patient phenotypes and matching to molecular endotypes offers 
promise for more personalized therapies
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