It is not all about strength: rethinking
mechanistic assumptions in exercise-
based rehabilitation for musculoskeletal

pain relief
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Exercise is considered requisite in the
management of most musculoskeletal
(MSK) pain conditions.” It is the foremost
treatment recommendation for conditions
including rotator cuff-related shoulder
pain, Achilles and patellar tendinopathy,
MSK low back pain and osteoarthritis
(OA).”? Driven by its intuitive logic and
communicative simplicity, the hypothesis
that ‘pain diminishes because strength
increases’ remains a prominent explana-
tion for the effectiveness of exercise. In
this editorial, we challenge the premise
that strength gains mediate pain reduction
and highlight alternative mechanisms with
stronger empirical support.

THE MISMATCH BETWEEN OUTCOME
AND MECHANISM

Evidence that exercise reduces pain across
MSK conditions is increasing and consis-
tent. However, evidence for how exercise
achieves these outcomes is sparse, creating
a reliance on implicit and (often) outdated
biomechanical beliefs. A growing body of
evidence challenges the common assump-
tion that gains in strength are a key
mechanism for clinical improvement. In
Achilles tendinopathy, a systematic review
found no evidence linking improvements
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in pain or disability with changes in
muscle-tendon structure or strength.?
Similarly, a causal mediation analysis in
patellar tendinopathy showed the effect of
a patella tendon loading regime was not
mediated through improvements in quad-
riceps strength.” And there is no evidence
causally connecting changes in strength
for rotator cuff-related shoulder pain to
improvements in pain outcomes.®’

For patellofemoral pain, improvements
in hip muscle strength do not explain the
beneficial effect of hip resistance exer-
cises,® and an individual participant data
meta-analysis in knee OA reported that
knee extension strength only mediated
approximately 2% of the treatment effect
of therapeutic exercise.’

Across conditions, the conclusion is
similar: exercise therapy is modestly
effective, but rarely because people get
stronger. The chasm between belief and
data warrants attention.

WHY MECHANISMS MATTER

Understanding how an intervention works

matters for: (1) scientific rigour, (2) clin-

ical integrity and (3) conducting respon-
sible research.

1. Scientific rigour: Robust causal claims
require more than a statistical correla-
tion. Health sciences should integrate
both probabilistic and mechanistic
evidence to justify causal claims.'
Without evidence of a valid mecha-
nism, causal claims are shallow and
unstable.

2. Clinical integrity: Mechanistic nar-
ratives shape how clinicians commu-
nicate, and patients understand their
condition and the rationale for treat-
ment. Emphasising strength as the pri-
mary treatment target risks demoralis-
ing patients who do not improve along
that metric and constrains the clini-
cian’s ability to adapt exercise to the
particular values and preferences of a
unique patient. It can also reinforce
inaccurate structural beliefs and pro-

tective behaviours about ‘weakness’ or
‘fragility’ causing pain.

3. Responsible research: Mechanistic in-
sight supports improvements in inter-
vention theory and design, which may
lead to more efficient and effective
treatments. Trials that report only the
total treatment effect on selected out-
comes miss opportunities to explain
how and why exercise may or may not
work.

EMERGING ALTERNATIVE

MECHANISMS

Mediation analyses have identified a range

of factors that likely contribute to clinical

improvement beyond strength gains:

» Pain self-efficacy, beliefs and cata-
strophising: Evidence for their medi-
ating role improving pain and function
is seen across various conditions,
including OA and low back pain.''™"

» Inflammatory biomarkers: In knee
OA, reductions in inflammatory
biomarkers have mediated improve-
ments in pain and function through a
diet and exercise programme.'!

» Kinesiophobia: In rotator cuff-
related shoulder pain and low back
pain, a reduction in kinesiophobia
explains the benefits of an exercise
programme."? '

» Trust, motivation and confidence: A
realist review of persistent low back
pain emphasised the importance of
trust, motivation and confidence to
optimise adherence to and clinical
outcomes of exercise. "

Together, these findings suggest that
clinical improvement in MSK pain is
seldom explained by strength gains alone.
Instead, benefits are more plausibly medi-
ated through a combination of bio-psycho-
social mechanisms, including improved
pain self-efficacy, reduced fear and pain
catastrophising, and dampened systemic
inflammation. Moreover, the therapeutic
relationship may exert a non-trivial influ-
ence on the clinical outcome (figure 1). A
broader explanatory framework is needed
for the effect of exercise on MSK pain, one
that reflects the complexity of recovery
rather than reducing it to muscle strength.

IMPLICATIONS FOR CLINICAL

PRACTICE AND RESEARCH

1. Do not default to strength-based ex-
planations. While getting stronger is
good for general health and a strong
indicator of longevity,'® it is current-
ly not a valid or reliable causal expla-
nation for pain relief in most MSK
conditions. An alternative message
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Figure 1 The diagram highlights potential mechanisms by which exercise may contribute to a
reduction in the experience of pain associated with the musculoskeletal system. These mechanisms
are not exhaustive but represent those supported as mediators of exercise-induced pain reduction.
Importantly, their effectiveness may be shaped by contextual factors including the therapeutic
relationship and alignment with the patient’s goals, values and preferences. Lead author JP created

and owns the figure in this manuscript.

clinicians may consider using with pa-
tients is: ‘Exercise can benefit many
people with MSK pain, even when un-
derlying mechanisms vary or remain
unclear. Through keeping active and
gradually challenging your body, exer-
cise can help you adapt in ways that
build confidence, reduce pain and im-
prove function, ultimately helping you
get back to doing the things you want
and need to do. The key is finding the
type of exercise that works for you,
your goals, your experience and your
interests’.

2. Continue to broaden intervention
targets. Address psychosocial factors,
metabolic health and movement con-
fidence, not just muscle performance.

3. Design trials that test mechanisms, not
just effects. Mediation analysis should
be prospectively planned, adequately
powered and include plausible, multi-
dimensional mediators.

4. Refine communication. Until and un-
less sufficient causal evidence support-

S.

ing the claim accumulates, reconsider
saying ‘you need to get stronger to feel
better’. Clinicians should absolutely
continue to champion exercise, but
with an updated narrative: one that
highlights strength gains as a marker
of improved physical robustness and
health, rather than a prerequisite for
being pain-free.

Strength still matters. While strength
gains are unlikely to be the main driv-
er of pain relief from exercise in MSK
conditions, the general biomotor abil-
ities (including strength) developed
through various exercise modalities
remain important for other clinical
outcomes. For example, improved
strength and balance supports func-
tional independence and reduces falls
risk in older adults'” and is associated
with lower risk of all-cause mortali-
ty."® In some clinical contexts, such as
anterior cruciate ligament reconstruc-
tion rehabilitation, increased strength
is associated with better functional

outcome.”  Acknowledging  these

broader benefits allows us to contextu-
alise the limited role of strength gains
in pain reduction, without diminishing
its clinical importance.

CONCLUSIONS

Exercise therapy is effective across a
range of MSK conditions, but its effects
are likely mediated by a constellation of
biopsychosocial mechanisms. Both clini-
cians and researchers must continue to
prescribe a range of exercises, including
resisted exercises, geared towards maxi-
mising strength gains. But we must move
beyond simplistic assumptions about
how it helps and accept the uncertainty
related to exercise prescription and rigor-
ously investigate how and why it makes a
difference.

Contributors JP conceived the idea for the editorial,
led the drafting process and is the guarantor of the
work. LW, AGC and JSL contributed to the conceptual
development, interpretation of evidence and drafting
of the manuscript. All authors provided critical revisions
for intellectual content and approved the final version
of the manuscript.

Funding AGC was supported by an Australian
NHMRC Investigator Grant (ID 2010088). LW's time
is funded by the NIHR BRC Exeter and NIHR SPCR
Post-doctoral fellowship (C111). The views expressed
are those of the author(s) and not necessarily those
of the NIHR or the Department of Health and Social
Care.

Competing interests None declared.
Patient consent for publication Not applicable.
Ethics approval Not applicable.

Provenance and peer review Not commissioned;
externally peer reviewed.

© Author(s) (or their employer(s)) 2025. No commercial
re-use. See rights and permissions. Published by BMJ
Group.

| '.) Check for updates

To cite Powell J, Wood L, Cashin AG, et al.
BrJ Sports Med Epub ahead of print: [please include
Day Month Year]. doi:10.1136/bjsports-2025-110372

Accepted 10 December 2025

Br J Sports Med 2025;0:1-3.
doi:10.1136/bjsports-2025-110372

ORCID iDs

Jared Powell https://orcid.org/0000-0003-2495-5322
Lianne Wood https://orcid.org/0000-0003-1039-1642
Aidan Gregory Cashin https://orcid.org/0000-0003-
4190-7912

Jeremy S Lewis https://orcid.org/0000-0001-7870-9165

REFERENCES

1 Booth J, Moseley GL, Schiltenwolf M, et al. Exercise
for chronic musculoskeletal pain: A biopsychosocial
approach. Musculoskeletal Care 2017;15:413-21.

2 Geneen LJ, Moore RA, Clarke C, et al. Physical activity
and exercise for chronic pain in adults: an overview
of Cochrane Reviews. Cochrane Database Syst Rev
2017;1:CD011279.

Powell J, et al. Br J Sports Med Month 2025 Vol 0 No 0

‘saifojouyoal Jejiwis pue ‘Buiuresy |v ‘Buluiw elep pue 1xa1 01 pale|al sasn 1o} Buipnjoul ‘1ybliAdod Aq paloalold
"AlISI9AIUN SUBWOM SBX3] 1 9207 ‘6 Alenuer uo jwoo fwqg wslqy:diy woly papeojumoq 'SzZoz loquadag TE U0 Z2/E0TT-G202-s140dsg/9eTT 0T Se paysiignd 1si1) :paN suods r ug


https://crossmark.crossref.org/dialog/?doi=10.1136/bjsports-2025-110372&domain=pdf&date_stamp=2025-11-31
https://orcid.org/0000-0003-2495-5322
https://orcid.org/0000-0003-1039-1642
https://orcid.org/0000-0003-4190-7912
https://orcid.org/0000-0003-4190-7912
https://orcid.org/0000-0001-7870-9165
http://dx.doi.org/10.1002/msc.1191
http://dx.doi.org/10.1002/14651858.CD011279.pub2
http://bjsm.bmj.com/

Desmeules F, Roy J-S, Lafrance S, et al. Rotator Cuff
Tendinopathy Diagnosis, Nonsurgical Medical Care,
and Rehabilitation: A Clinical Practice Guideline.
Journal of Orthopaedic & Sports Physical Therapy
2025;55:235-74.

Murphy MC, Travers M, Chivers P, et al. Can we really
say getting stronger makes your tendon feel better?
No current evidence of a relationship between change
in Achilles tendinopathy pain or disability and changes
in Triceps Surae structure or function when completing
rehabilitation: A systematic review. J Sci Med Sport
2023;26:253-60.

Deng J, Runhaar J, Breda SJ, et al. Do physical

or imaging changes explain the effectiveness of
progressive tendon loading exercises? A causal
mediation analysis of athletes with patellar
tendinopathy. J Sci Med Sport 2025;28:458-64.

Hotta GH, Alaiti RK, Ribeiro DC, et al. Causal
mechanisms of a scapular stabilization intervention for
patients with subacromial pain syndrome: a secondary
analysis of a randomized controlled trial. Arch
Physiother 2022;12:13.

Powell JK, Lewis JS. Rotator Cuff-Related Shoulder
Pain: Is It Time to Reframe the Advice, “You Need to
Strengthen Your Shoulder”? J Orthop Sports Phys Ther
2021;51:156-8.

Holden S, Matthews M, Rathleff MS, et al. How

Do Hip Exercises Improve Pain in Individuals With

Patellofemoral Pain? Secondary Mediation Analysis of
Strength and Psychological Factors as Mechanisms. J
Orthop Sports Phys Ther 2021;51:602—10.

Runhaar J, Holden MA, Hattle M, et al. Mechanisms
of action of therapeutic exercise for knee and hip OA
remain a black box phenomenon: an individual patient
data mediation study with the OA Trial Bank. RMD
Open 2023;9:e003220.

Russo F, Williamson J. Interpreting Causality in

the Health Sciences. International Studies in the
Philosophy of Science 2007;21:157-70.

Lima YL, Lee H, Klyne DM, et al. How Do Nonsurgical
Interventions Improve Pain and Physical Function

in People With Osteoarthritis? A Scoping Review

of Mediation Analysis Studies. Arthritis Care Res
(Hoboken) 2023;75:467-81.

Cashin AG, Lee H, Wand BM, et al. Mechanisms

of education and graded sensorimotor retraining

in people with chronic low back pain: a mediation
analysis. Pain 2023;164:2792-800.

Wood L, Bejarano G, Csiernik B, et a/. Pain
catastrophising and kinesiophobia mediate pain

and physical function improvements with Pilates
exercise in chronic low back pain: a mediation
analysis of a randomised controlled trial. J Physiother
2023;69:168-74.

Gutiérrez Espinoza H, Araya-Quintanilla F, Pinto-
Concha S, et al. Specific versus general exercise

15

programme in adults with subacromial impingement
syndrome: a randomised controlled trial. BMJ Open
Sport Exerc Med 2023;9:¢001646.

Wood L, Foster NE, Dean SG, et al. Contexts,
behavioural mechanisms and outcomes to optimise
therapeutic exercise prescription for persistent

low back pain: a realist review. Br J Sports Med
2024;58:222-30.

Chen Z, Collings PJ, Wang M, et al. Physical Fitness,
Biological Aging, and Healthy Longevity. / Am Med Dir
Assoc 2025;26:105792.

Zhu RT-L, Zuo JJ-}, Li K-J, et al. Association of
lower-limb strength with different fall histories or
prospective falls in community-dwelling older people:
a systematic review and meta-analysis. BMC Geriatr
2025;25:83.

Garcia-Hermoso A, Cavero-Redondo |, Ramirez-Vélez
R, et al. Muscular Strength as a Predictor of All-Cause
Mortality in an Apparently Healthy Population: A
Systematic Review and Meta-Analysis of Data From
Approximately 2 Million Men and Women. Arch Phys
Med Rehabil 2018;99:2100-13.

Dutaillis B, Collings T, Bellinger P, et a/. Time-course
changes in lower limb strength, vertical jump

metrics and their relationship with patient reported
outcomes following anterior cruciate ligament
reconstruction. Knee Surg Sports Traumatol Arthrosc
2025;33:2684-99.

Powell J, et al. Br J Sports Med Month 2025 Vol 0 No 0

‘saifojouyoal Jejiwis pue ‘Buiuresy |v ‘Buluiw elep pue 1xa1 01 pale|al sasn 1o} Buipnjoul ‘1ybliAdod Aq paloalold
"AlISI9AIUN SUBWOM SBX3] 1 9207 ‘6 Alenuer uo jwoo fwqg wslqy:diy woly papeojumoq 'SzZoz loquadag TE U0 Z2/E0TT-G202-s140dsg/9eTT 0T Se paysiignd 1si1) :paN suods r ug


http://dx.doi.org/10.2519/jospt.2025.13182
http://dx.doi.org/10.1016/j.jsams.2023.03.007
http://dx.doi.org/10.1016/j.jsams.2024.12.006
http://dx.doi.org/10.1186/s40945-022-00138-1
http://dx.doi.org/10.1186/s40945-022-00138-1
http://dx.doi.org/10.2519/jospt.2021.10199
http://dx.doi.org/10.2519/jospt.2021.10674
http://dx.doi.org/10.2519/jospt.2021.10674
http://dx.doi.org/10.1136/rmdopen-2023-003220
http://dx.doi.org/10.1136/rmdopen-2023-003220
http://dx.doi.org/10.1080/02698590701498084
http://dx.doi.org/10.1080/02698590701498084
http://dx.doi.org/10.1002/acr.24983
http://dx.doi.org/10.1002/acr.24983
http://dx.doi.org/10.1097/j.pain.0000000000002978
http://dx.doi.org/10.1016/j.jphys.2023.05.008
http://dx.doi.org/10.1136/bmjsem-2023-001646
http://dx.doi.org/10.1136/bmjsem-2023-001646
http://dx.doi.org/10.1136/bjsports-2023-107598
http://dx.doi.org/10.1016/j.jamda.2025.105792
http://dx.doi.org/10.1016/j.jamda.2025.105792
http://dx.doi.org/10.1186/s12877-025-05685-3
http://dx.doi.org/10.1016/j.apmr.2018.01.008
http://dx.doi.org/10.1016/j.apmr.2018.01.008
http://dx.doi.org/10.1002/ksa.12694
http://bjsm.bmj.com/

	It is not all about strength: rethinking mechanistic assumptions in exercise-­based rehabilitation for musculoskeletal pain relief
	The mismatch between outcome and mechanism
	Why mechanisms matter
	Emerging alternative mechanisms
	Implications for clinical practice and research
	Conclusions
	References


