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Goals & objectives

Understand the practical application of 

mediation analysis:

1. Provide examples of mediation including direct 

and indirect effect of treatment strategies on 

outcomes

2. Recommend practical implementations of 

mediation analysis in rheumatology and 

musculoskeletal conditions



Research context

Knee osteoarthritis……

High-burden chronic condition…

Pain & physical disability major 
problems…..

Focus on non-pharmacological 
management



How does mediation analysis help 

our research team?

• Helps us understand how/why treatments do and 

don’t work

– Confirm hypothesized mechanism underlying intervention
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How does mediation analysis help 

our research team?

• Helps us understand how/why treatments do and 

don’t work

– Confirm hypothesized mechanism underlying intervention

• Helps us understand our clinical trial findings

– Examine why an intervention was not successful

• Helps us improve our treatments to improve patient 

outcomes

– Boost treatment “potency” by focus on the mechanism of 

action

– Help identify possible improvements to interventions for 
evaluation in future research



Biomechanics....null RCTs are 

common in knee OA!

Claims/assumptions about 

mediation made from indirect 

evidence, small, uncontrolled 

studies and/or correlational 

analyses without controlling for 

confounders





SHARK Trial

•Design: 2-arm parallel RCT, prospectively 

registered & protocol published in 2014

•Participants: 164 people with knee OA from 

community

•Primary outcomes: 6 months
– Average pain on walking (NRS)

– Self-reported physical function (WOMAC)



98% of people 

completed primary 

outcome measures 

at 6 months



Asked to wear shoes every 

day for at least 4 hours, for 

6 months. Avoid changing 

shoes.

Adherence :

Daily use (hours)- weekly 

snapshot each month in 

log-book

Shoe-mounted 

pedometers- one week in 

months 2 & 5 to record 

steps in trial shoes

Self-reported overall 

adherence at 6 months via 

NRS



Adherence was excellent



Main findings



Knee OA symptoms not as strongly linked to 

altered biomechanics as we previously thought?

Modest reductions in knee load with unloading 

shoes not big enough to shift symptoms?

Variability in biomechanical response to 

footwear?

Causes of pain multi-factorial- perhaps only 

subgroups have biomechanically-driven pain?

Why were unloading shoes 

ineffective?
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Zhao et al. J Orthop Res 2007

Knee load and osteoarthritis

Increased knee load:

- Increased prevalence of structural 

abnormalities (bone & cartilage)

- Increased risk of structural progression over 

time

- Increased risk of knee arthroplasty

- Development of knee pain



Gel Melbourne OA shoes

Design features:

➢ Triple-density 

midsole, that is stiffer 

laterally compared 

to medially

➢ 5 degree lateral 

wedge insole 

attached to sock-

liner



8-9% mean reduction 

in the external knee 

adduction moment in 

people with knee OA

Bennell et al Arthritis Rheum (2013)
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Biostatistician, Dr Jess Kasza

Monash University



The effect of the treatment on the outcome that acts through 

the mediator) 

The effect of the treatment on the outcome that does NOT 

act through the mediator) 

P value for the 

indirect pathway 

needs to be 

significant for the 

variable to be 

considered to 

have mediated 

the effect of 

group on walking 

pain.



Effect estimates (95% confidence intervals) of the 

total, direct, and indirect effects of randomised 

footwear group on walking pain at 6 months, by 

radiographic severity

Potential Mediator Total effect
Effect (95% CI), p 
value

Direct effect
Effect (95% CI), p value

Indirect effect
Effect (95% CI), p value

Peak KAM (Nm/BW*H%)

KL Grade 2

KL Grades 3 & 4

-1.38 (-2.81, 0.06) 0.06

0.70 (-0.31, 1.70) 0.18

-1.26 (-2.71, 0.20) 0.09

1.01 (0.01, 2.01) 0.05

-0.12 (-0.44, 0.20) 0.47

-0.31 (-0.65, 0.03) 0.07

KAM impulse (Nm.s/BW*H%)

KL Grade 2
KL Grades 3 & 4

-1.40 (-2.74, -0.06) 0.04

0.63 (-0.40, 1.66) 0.23

-1.32 (-2.70, 0.07) 0.06

0.74 (-0.36, 1.85) 0.19

-0.09 (-0.41, 0.24) 0.60

-0.11 (-0.46, 0.24) 0.54

May be some evidence that unloading shoes reduce walking pain

by acting through reductions in peak KAM for KL grades 3 & 4, but 

not in people with KL grade 2???



Implications?

• Therapeutic response to unloading shoes is moderated 
by radiographic severity

– Reductions in peak KAM may mediate the reduction in 

walking pain with unloading shoes in KL grades 3 & 4, but not 

KL grade 2.

• Data suggest that in KL grades 3 & 4, a 1-unit reduction in 

KAM was associated with a 0.63-unit reduction in NRS 

walking pain (95% CI 1.35 to 0.09).

– mean adjusted difference between unloading and 

conventional shoes in our cohort was only 0.28 KAM units 
(possibly as high as 0.5 units).

– unloading shoes will probably not achieve clinically 

meaningful reductions in pain (1.8 units)

Need to redesign unloading shoes to 

dramatically boost their unloading 

effects

-Adverse effects at foot ankle?

- Adherence & comfort?

Or do we combine unloading shoes 

with another biomechanical treatment?

- Knee brace?

- Gait retraining?

Are there more fruitful interventions to 

explore?

Think carefully about the subgroup of 

patients we recruit for RCTs that test 

biomechanical interventions



How does strengthening exercise 

improve knee OA symptoms?



Potential mediators?

Runhaar et al, Osteoarthritis & Cartilage  2015

Inflammation 

Cartilage/OA properties 

Muscle strength 

Muscle properties 

ROM/flexibility 

Gait properties 

Biomechanics 

Body weight & 

metabolic syndrome 

Bone properties 

Proprioception 

(In)stability/balance

Aerobic capacity 

60% (31 out of 52) of the 

studies showed a significant 

increase in knee extensor 

muscle strength 

&

71% (22 out of 31) in knee 

flexor muscle strength

with exercise

No study performed a 

mediation analysis!



The strengthening group

demonstrated a 26% increase in knee extensor 

strength and

improved pain compared to the control group. 

Although self-reported

physical function also improved in the 

strengthening

group, no between-group statistical difference 

was observed.



Clinical outcomes: pain and physical function

Mediator: Knee extension strength 



The effect of the treatment on the outcome that acts through 

the mediator) 

The effect of the treatment on the outcome that does NOT 

act through the mediator) 



Effect estimates (95% confidence intervals) of the 

total, direct, and indirect effects of randomised group 

on pain & function

Potential Mediator Total effect
Effect (95% CI), p 
value

Direct effect
Effect (95% CI), p value

Indirect effect
Effect (95% CI), p value

Change in knee extensor 
strength (Nm/kg)

Pain
1.8 (0.8, 2.8),  0.001 1.1 (0.0, 2.2), 0.064 0.7 (0.1, 1.3), 0.03

Function 2.9 (-0.2, 5.8), 0.052 1.0 (-2.3, 4.3), 0.536 1.9 (0.1, 3.6), 0.04

Increased knee extensor strength accounted for:

38% (24%, 98%) of the improvement in pain

60% (-192%, 356%) of the improvement in function



Implications?

• Increased knee extensor strength mediated the effect of 
a 12-week strengthening program on symptoms

– Data suggest a 1-unit (1 Nm/kg) increase in knee extensor 

strength from baseline was associated with a 2.2-unit reduction 

(95% CI -4.2 to -0.3) in pain from baseline.

– 1-unit increase in knee extensor strength from baseline was 

associated with a 6.3-unit reduction (95% CI -12.0 to -0.6) in 

physical function from baseline.

• Our program achieved a 0.33 unit increase in strength 
between groups

Change in strength is one mediator, but 

what are the other unknown 

mediators??

Are we exercising patients hard 

enough?? Aim for greater strength 

increases??

Training/dosage parameters are often 

suboptimal in most research studies…… 

greater intensity, less frequency needed 

(in line with ACSM recommendations)



Recommendations for future 

research

Clinical trialists should design RCTs where possible to permit 
mediation analyses:

• WHY?  

– Take advantage of the robust design- utility of RCT extends 

beyond the estimation of intervention effects on health 
outcomes. 

– Increase knowledge- how to adapt interventions to improve 

the effectiveness of health interventions and guide 

implementation

– Complex interventions with many treatment ‘ingredients” and 
potential mechanisms of action……

– Non-pharma OA research has scant robust mediational 

analyses



CLINICAL

OUTCOMES

EDUCATION

STRENGTHENING 

EXERCISE

PHYSICAL ACTIVITY 

ADVICE

DIET TO LOSE 

WEIGHT

Change in self-efficacy?

Change in pain beliefs?

Change in strength?

Change in physical activity?

Change in weight?
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Recommendations for future 

research

• HOW?

– Work closely with a biostatistician!

– A priori selection of mediators based on theoretical and/or 

empirical rationale, with pre-defined hypotheses

The variable must be expected to change because of the 
intervention, and therefore, must be measured before and 

after the intervention is administered.

– Consider sample size/power issues

Often exploratory analyses that are hypothesis-generating 

rather than conclusive

Consider collecting data for pooling in future individual 

patient data meta-analysis



Vo et al, J Clin Epi 2020

Recommendations on the conduct and reporting of mediation 

analysis in clinical research



https://www.oatrialbank.com





This study aims to identify:

(1) subgroups of people with knee and hip 

OA that do/do not respond to therapeutic 

exercise and to different types of exercise 

and;

(2) mediators of the effect of therapeutic

exercise for reducing pain and improving 

physical function.



Unpacking why……

Observed effect sizes from 

exercise RCTs are small to

moderate at best

Exercise benefits decline over 

time

Only 50% of participants achieve 

a clinically important treatment 

response with exercise



Mediation analysis

Evaluate the mediating effects of:

muscle strength 

proprioception

extension deficits 

in the association between therapeutic exercise and pain 
and physical function. 

The effects of individual and combined mediators will be

explored.

In total, 114 RCTs met our criteria and are 

included in the review. 

To date, 61 have agreed, in principle, to 

share IPD (approximately 8500 participants 

in total).





Primary aim- identify subgroups of 

individuals with knee OA who respond 

favourably to mechanical interventions. 

Secondary aim- evaluate the effect of 

biomechanics as a mediator between 

mechanical interventions and symptoms. 

Caveat…..it is rare for studies to evaluate 

biomechanical variables both before-and-after 

treatment, so undertaking this analysis will 

depend on whether there are sufficient data 

available in included studies. 



Questions???

https://healthsciences.unimelb.edu.au/de

partments/physiotherapy/chesm#home

A range of patient & clinician 

resources all freely available


