
156 | april 2021 | volume 51 | number 4 | journal of orthopaedic & sports physical therapy

[ viewpoint ]

O
ver the past 2 decades, evidence supporting nonsurgical 
management of nontraumatic rotator cuff–related shoulder 
pain (RCRSP) has grown. The most recent clinical practice 
guideline recommends advice, education, and nonsurgical 

management as the primary approach to managing RCRSP.15

Nontraumatic RCRSP is pain and 
dysfunction of the shoulder, commonly 
observed during shoulder elevation and 
external rotation, for which other condi-
tions have been excluded.5 Terms such as 
“RCRSP” and “subacromial shoulder pain” 
may be more appropriate than traditional 
pathoanatomic diagnoses of the rota-
tor cuff and related structures (including 
subacromial bursitis, rotator cuff tendi-
nopathy, and partial-thickness and non-
traumatic full-thickness rotator cuff tears), 
as it is difficult to identify a specific struc-
ture or pathology as the primary contribu-
tor to an individual’s shoulder pain.5 The 
clinical presentation of RCRSP is always 
influenced by individual cognitions, emo-

tions, behaviors, and sociocultural factors 
that further complicate the pursuit of a 
single structure that causes shoulder pain.

Quality nonsurgical management of 
RCRSP comprises a graduated program 
of progressive resistance exercise (against 
gravity and with external load), occasion-
ally in conjunction with stretching and 
mobility exercises of the shoulder struc-
tures and thoracic spine.14 The pendulum 
swing toward nonsurgical management is 
underscored by research demonstrating 
that subacromial decompression surgery, 
once the gold standard intervention for 
RCRSP, does not confer superior out-
comes to those derived from nonsurgical 
approaches or placebo.15

Resistance exercise—and strength 
training more broadly—is riding a wave 
of popularity for managing various non-
traumatic musculoskeletal pain pre-
sentations, and should be considered a 
veritable polypill with multisystem ben-
efits. While exercise therapy has emerged 
as the primary intervention for managing 
RCRSP, there is uncertainty regarding 
which exercise approach is best and the 
absolute benefit of exercise compared to 
nonexercise interventions.13

This Viewpoint explores the use of 
resistance exercise for managing non-
traumatic RCRSP and examines how 
resistance exercise may provide clinical 
benefit for patients with shoulder pain.

Why Do Clinicians Use Resistance 
Exercise for RCRSP?
Clinical reasoning in physical therapy 
traditionally follows a biomedical frame-
work: pursue a measurable physical im-
pairment and, if one is identified, apply 
an appropriate intervention to correct the 
impairment. This model of clinical rea-
soning works under the guise that pain 
and dysfunction arise due to observable 
deficits in physical properties of the body.

For RCRSP, resistance exercise is 
typically prescribed to strengthen a weak 
shoulder movement. Resistance exercise 
may also be prescribed with the intent 
of improving shoulder girdle kinemat-
ics or the timing and activation of peri-
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Rotator Cuff–Related Shoulder Pain: 
Is It Time to Reframe the Advice, “You 
Need to Strengthen Your Shoulder”?
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shoulder musculature. The implication 
is an assumed isomorphic relationship 
between shoulder strength, function, and 
pain: increase strength to decrease pain 
and increase function. While biologically 
plausible, the reality is less certain.

Movement and Strength Deficits 
Characterize RCRSP—Can Resistance 
Exercise Help?
People with RCRSP have changes in 
movement and strength that can be 
measured. Some people with RCRSP 
have altered scapulothoracic kinemat-
ics8; however, there is widespread in-
consistency in the type of alterations 
observed. Glenohumeral and scapulo-
thoracic muscle timing and activity, of-
ten measured by electromyography, vary 
in some people with RCRSP compared to 
people without symptoms.7 People with 
RCRSP may have deficits in external ro-
tation and abduction strength of up to 
43% when compared to an asymptom-
atic population.9 Strength deficits have 
also been observed in movements of the 
scapulothoracic joint, such as horizontal 
extension and protraction, although they 
are not as profound as movements that 
bias the glenohumeral joint.3

Does improving shoulder mechanics 
and strength always improve pain and 
function? We suggest not. Strength gains 
with a typical rehabilitation regimen for 
RCRSP are moderate at best6,10 and often 
clinically unimportant.1,4,6 Scapular ki-
nematics (scapular dyskinesis) need not 
be normalized for pain and function to 
improve,2 and it is unclear whether scap-
ula-focused exercise interventions are su-
perior to general shoulder strengthening. 
It would be clinically impossible to pre-
scribe an exercise that targeted the scap-
ular muscles at the expense of the rotator 
cuff, and vice versa. Restoring shoulder 
muscle timing and activity appears su-
perfluous to overall improvement of pain 
and function in people with RCRSP.

Despite the limited improvements in 
mechanical measures of the shoulder, 
there are often substantial improvements 
in pain and function in trials that use re-

sistance exercise for rehabilitation.1,4,6 
We suggest that these clinical phenom-
ena challenge the relationship between 
shoulder strength, function, and pain.

Why the Limited Increases in Strength? 
Underloaded Exercise and Excessively 
Cautious Therapists?
A frequent critique of clinical trials us-
ing resistance exercise is that they are 
underloaded and overly cautious. It is 
possible that a more stringent application 
of strength and conditioning principles, 
such as intensity, volume, and duration 
of training, could elicit a more dramatic 
increase in shoulder strength. However, 
it is unclear whether this would translate 
into similar improvements in shoulder 
pain and function.

Trials that purportedly employ 
high-load resistance exercise often re-
port underwhelming improvements in 
strength,4,6 and it is unclear whether 
high-dose (high-load or high-volume) 
resistance exercise is clinically superior 
to low-dose (low-load or low-volume) re-
sistance exercise for RCRSP.12

Have Clinicians Been Seduced by  
the Hype of Strengthening?
Manual therapy, once a mainstay of 
nonsurgical management of RCRSP, 
has not stood the test of rigorous trials. 
Many proponents of, “You only need to 
get strong” may suffer a similar demise, 
as the next-generation treatment ap-
proach, strength training, has not yet 
passed muster through rigorous clinical 
trials. Telling a person with RCRSP, “You 
are weak—all you need is to get stronger,” 
may be as counterproductive as telling 
the person, “You have poor posture, and 
it needs to be improved.” It is essential 
that clinical trials test modern strength 
and conditioning principles to establish 
the relationship between strength, func-
tion, and shoulder pain.

Is There More to Resistance Exercise 
Than Meets the Eye for RCRSP?
Emerging evidence suggests that non-
traumatic RCRSP is a multidimensional 

condition, associated with several bio-
psychosocial subdomains. The severity 
of shoulder pain and level of shoulder 
function do not appear strongly associ-
ated with shoulder strength.3,11 There is 
more to RCRSP than simple strength, 
and the same could be said for resistance 
exercise. Exercise (including resistance 
exercise) may have a hypoalgesic effect, 
improve health-related quality of life, 
improve pain-related self-efficacy and 
confidence, influence systemic inflam-
matory markers, mark time while nature 
takes its course, provide a distraction, 
and potentially lead to a re-evaluation of 
pain. Clinicians might consider these fac-
tors when prescribing resistance exercise 
as part of a rehabilitation regimen for a 
person with nontraumatic RCRSP.

Integrating Resistance Exercise Into a 
Modern Understanding of RCRSP
A modern interpretation of pain empha-
sizes a multidimensional experience, far 
more than a simple linear read-out of 
sensory input from the peripheral tissue. 
Perhaps clinicians could apply this logic 
to mechanical measures of the shoulder? 
Variables such as shoulder strength and 
scapulothoracic kinematics may be rel-
evant to nontraumatic RCRSP. However, 
devoting an inequitable amount of time 
and attention to these factors may be a 
naïve and inadequate approach.

Summary
We are concerned that resistance exer-
cise for managing RCRSP is at risk of 
use without critical thought in a classic 
recipe-based approach. Awkwardly, this 
is an illustration of the type of biomedical 
clinical reasoning the profession of physi-
cal therapy has spent the past 2 decades 
(or more) trying to avoid. Resistance 
exercise has a place in a quality rehabili-
tation program for people with RCRSP—
to improve how the shoulder functions, 
increase confidence to use the shoulder, 
and help reduce pain. Resistance exercise 
is an important and cost-effective inter-
vention, and physical therapists should 
not be afraid to use it. However, we argue 

 J
ou

rn
al

 o
f 

O
rt

ho
pa

ed
ic

 &
 S

po
rt

s 
Ph

ys
ic

al
 T

he
ra

py
®

 
 D

ow
nl

oa
de

d 
fr

om
 w

w
w

.jo
sp

t.o
rg

 a
t U

SP
 -

 U
N

IV
E

R
SI

D
A

D
E

 D
E

 S
A

O
 P

A
U

L
O

 o
n 

A
pr

il 
1,

 2
02

1.
 F

or
 p

er
so

na
l u

se
 o

nl
y.

 N
o 

ot
he

r 
us

es
 w

ith
ou

t p
er

m
is

si
on

. 
 C

op
yr

ig
ht

 ©
 2

02
1 

Jo
ur

na
l o

f 
O

rt
ho

pa
ed

ic
 &

 S
po

rt
s 

Ph
ys

ic
al

 T
he

ra
py

®
. A

ll 
ri

gh
ts

 r
es

er
ve

d.



158 | april 2021 | volume 51 | number 4 | journal of orthopaedic & sports physical therapy

[ viewpoint ] 
that there is nuance to consider when us-
ing resistance exercise for rehabilitation.

Key Points
• People with RCRSP often have de-

monstrable variations in kinematic, 
strength, and muscle timing and ac-
tivation profiles compared to people 
without RCRSP.

• Resistance exercise can improve pain 
and function in people with nontrau-
matic RCRSP without a significant 
normalization of shoulder mechanical 
factors, including strength, scapulo-
thoracic kinematics, and muscle tim-
ing and activation.

• Nontraumatic RCRSP is a multidi-
mensional condition that requires a 
multidimensional approach.

• The rationale for prescribing re-
sistance exercise for nontraumatic 
RCRSP needs to be reframed as a 
multidimensional intervention that 
can confer benefit by numerous inter-
related biopsychosocial processes, not 
simply by increasing shoulder strength 
or improving shoulder mechanics.

• Future research should study the 
ideal dose of resistance exercise, con-
sidering training variables such as 
intensity, volume, and duration, for 
managing nontraumatic RCRSP.

• For a list of recommended further 
reading, please see the APPENDIX (avail-
able at www.jospt.org).	U

STUDY DETAILS
AUTHOR CONTRIBUTIONS: Both Jared Powell 
and Jeremy Lewis met the 4 criteria of 
authorship as stipulated by the Inter-
national Committee of Medical Journal 
Editors, and each made substantial con-

tributions to the conception, design, and 
drafting of the manuscript.
DATA SHARING: There are no data in this 
manuscript.
PATIENT AND PUBLIC INVOLVEMENT: There 
was no patient or public involvement in 
the development of this Viewpoint.

REFERENCES

 1. Bennell K, Wee E, Coburn S, et al. Efficacy of 
standardised manual therapy and home exercise 
programme for chronic rotator cuff disease: 
randomised placebo controlled trial. BMJ. 
2010;340:c2756. https://doi.org/10.1136/bmj.
c2756

 2. Camargo PR, Alburquerque-Sendín F, Avila MA, 
Haik MN, Vieira A, Salvini TF. Effects of stretching 
and strengthening exercises, with and without 
manual therapy, on scapular kinematics, func-
tion, and pain in individuals with shoulder 
impingement: a randomized controlled trial. 
J Orthop Sports Phys Ther. 2015;45:984-997. 
https://doi.org/10.2519/jospt.2015.5939

 3. Clausen MB, Witten A, Holm K, et al. 
Glenohumeral and scapulothoracic strength 
impairments exists [sic] in patients with subacro-
mial impingement, but these are not reflected 
in the Shoulder Pain and Disability Index. BMC 
Musculoskelet Disord. 2017;18:302. https://doi.
org/10.1186/s12891-017-1667-1

 4. Ingwersen KG, Jensen SL, Sørensen L, et al. 
Three months of progressive high-load versus 
traditional low-load strength training among 
patients with rotator cuff tendinopathy: pri-
mary results from the double-blind random-
ized controlled RoCTEx Trial. Orthop J Sports 
Med. 2017;5:2325967117723292. https://doi.
org/10.1177/2325967117723292

 5. Lewis J. Rotator cuff related shoulder pain: as-
sessment, management and uncertainties. Man 
Ther. 2016;23:57-68. https://doi.org/10.1016/j.
math.2016.03.009

 6. Lombardi I, Jr., Magri ÂG, Fleury AM, Da Silva 
AC, Natour J. Progressive resistance training in 
patients with shoulder impingement syndrome: 
a randomized controlled trial. Arthritis Rheum. 
2008;59:615-622. https://doi.org/10.1002/art.23576

 7. Ludewig PM, Cook TM. Alterations in shoulder 

kinematics and associated muscle activity in 
people with symptoms of shoulder impinge-
ment. Phys Ther. 2000;80:276-291. https://doi.
org/10.1093/ptj/80.3.276

 8. Ludewig PM, Reynolds JF. The association 
of scapular kinematics and glenohumeral 
joint pathologies. J Orthop Sports Phys Ther. 
2009;39:90-104. https://doi.org/10.2519/
jospt.2009.2808

 9. MacDermid JC, Ramos J, Drosdowech D, Faber 
K, Patterson S. The impact of rotator cuff pa-
thology on isometric and isokinetic strength, 
function, and quality of life. J Shoulder Elbow 
Surg. 2004;13:593-598. https://doi.org/10.1016/j.
jse.2004.03.009

 10. Maenhout AG, Mahieu NN, De Muynck M, De 
Wilde LF, Cools AM. Does adding heavy load ec-
centric training to rehabilitation of patients with 
unilateral subacromial impingement result in bet-
ter outcome? A randomized, clinical trial. Knee 
Surg Sports Traumatol Arthrosc. 2013;21:1158-
1167. https://doi.org/10.1007/s00167-012-2012-8

 11. Maestroni L, Marelli M, Gritti M, Civera F, Rabey 
M. External rotator strength deficits in non-athlet-
ic people with rotator cuff related shoulder pain 
are not associated with pain intensity or disability 
levels. Musculoskelet Sci Pract. 2020;48:102156. 
https://doi.org/10.1016/j.msksp.2020.102156

 12. Malliaras P, Johnston R, Street G, et al. The ef-
ficacy of higher versus lower dose exercise in 
rotator cuff tendinopathy: a systematic review 
of randomized controlled trials. Arch Phys 
Med Rehabil. 2020;101:1822-1834. https://doi.
org/10.1016/j.apmr.2020.06.013

 13. Naunton J, Street G, Littlewood C, Haines T, 
Malliaras P. Effectiveness of progressive and 
resisted and non-progressive or non-resisted ex-
ercise in rotator cuff related shoulder pain: a sys-
tematic review and meta-analysis of randomized 
controlled trials. Clin Rehabil. 2020;34:1198-1216. 
https://doi.org/10.1177/0269215520934147

 14. Pieters L, Lewis J, Kuppens K, et al. An update of 
systematic reviews examining the effectiveness 
of conservative physical therapy interventions for 
subacromial shoulder pain. J Orthop Sports Phys 
Ther. 2020;50:131-141. https://doi.org/10.2519/
jospt.2020.8498

 15. Vandvik PO, Lähdeoja T, Ardern C, et al. 
Subacromial decompression surgery for adults 
with shoulder pain: a clinical practice guideline. 
BMJ. 2019;364:l294. https://doi.org/10.1136/
bmj.l294

 J
ou

rn
al

 o
f 

O
rt

ho
pa

ed
ic

 &
 S

po
rt

s 
Ph

ys
ic

al
 T

he
ra

py
®

 
 D

ow
nl

oa
de

d 
fr

om
 w

w
w

.jo
sp

t.o
rg

 a
t U

SP
 -

 U
N

IV
E

R
SI

D
A

D
E

 D
E

 S
A

O
 P

A
U

L
O

 o
n 

A
pr

il 
1,

 2
02

1.
 F

or
 p

er
so

na
l u

se
 o

nl
y.

 N
o 

ot
he

r 
us

es
 w

ith
ou

t p
er

m
is

si
on

. 
 C

op
yr

ig
ht

 ©
 2

02
1 

Jo
ur

na
l o

f 
O

rt
ho

pa
ed

ic
 &

 S
po

rt
s 

Ph
ys

ic
al

 T
he

ra
py

®
. A

ll 
ri

gh
ts

 r
es

er
ve

d.

http://www.jospt.org
https://doi.org/10.1136/bmj.c2756
https://doi.org/10.1136/bmj.c2756
https://doi.org/10.2519/jospt.2015.5939
https://doi.org/10.1186/s12891-017-1667-1
https://doi.org/10.1186/s12891-017-1667-1
https://doi.org/10.1177/2325967117723292
https://doi.org/10.1177/2325967117723292
https://doi.org/10.1016/j.math.2016.03.009
https://doi.org/10.1016/j.math.2016.03.009
https://doi.org/10.1002/art.23576
https://doi.org/10.1093/ptj/80.3.276
https://doi.org/10.1093/ptj/80.3.276
https://doi.org/10.2519/jospt.2009.2808
https://doi.org/10.2519/jospt.2009.2808
https://doi.org/10.1016/j.jse.2004.03.009
https://doi.org/10.1016/j.jse.2004.03.009
https://doi.org/10.1007/s00167-012-2012-8
https://doi.org/10.1016/j.msksp.2020.102156
https://doi.org/10.1016/j.apmr.2020.06.013
https://doi.org/10.1016/j.apmr.2020.06.013
https://doi.org/10.1177/0269215520934147
https://doi.org/10.2519/jospt.2020.8498
https://doi.org/10.2519/jospt.2020.8498
https://doi.org/10.1136/bmj.l294
https://doi.org/10.1136/bmj.l294


journal of orthopaedic & sports physical therapy | volume 51 | number 4 | april 2021 | a1

RECOMMENDED FURTHER READING
Chimenti RL, Frey-Law LA, Sluka KA. A mechanism-based approach to physical therapist management of pain. Phys Ther. 2018;98:302-314. https://doi.

org/10.1093/ptj/pzy030
Clausen MB, Merrild MB, Witten A, et al. Conservative treatment for patients with subacromial impingement: changes in clinical core outcomes and 

their relation to specific rehabilitation parameters. PeerJ. 2018;6:e4400. https://doi.org/10.7717/peerj.4400
Clausen MB, Witten A, Holm K, et al. Glenohumeral and scapulothoracic strength impairments exists [sic] in patients with subacromial impinge-

ment, but these are not reflected in the Shoulder Pain and Disability Index. BMC Musculoskelet Disord. 2017;18:302. https://doi.org/10.1186/
s12891-017-1667-1

De Mey K, Danneels L, Cagnie B, Cools AM. Scapular muscle rehabilitation exercises in overhead athletes with impingement symptoms: ef-
fect of a 6-week training program on muscle recruitment and functional outcome. Am J Sports Med. 2012;40:1906-1915. https://doi.
org/10.1177/0363546512453297

Faber M, Andersen MH, Sevel C, Thorborg K, Bandholm T, Rathleff M. The majority are not performing home-exercises correctly two weeks after their 
initial instruction—an assessor-blinded study. PeerJ. 2015;3:e1102. https://doi.org/10.7717/peerj.1102

Forsythe B, Agarwalla A, Puzzitiello RN, et al. Clinical function improves after subacromial injection of local anesthetic in full-thickness rotator cuff 
tears: a randomized control trial. Orthop J Sports Med. 2020;8:2325967119892331. https://doi.org/10.1177/2325967119892331

Hart PD, Buck DJ. The effect of resistance training on health-related quality of life in older adults: systematic review and meta-analysis. Health Promot 
Perspect. 2019;9:1-12. https://doi.org/10.15171/hpp.2019.01

Hotta GH, de Assis Couto AG, Cools AM, McQuade KJ, de Oliveira AS. Effects of adding scapular stabilization exercises to a periscapular strengthening 
exercise program in patients with subacromial pain syndrome: a randomized controlled trial. Musculoskelet Sci Pract. 2020;49:102171. https://doi.
org/10.1016/j.msksp.2020.102171

Jack K, McLean SM, Moffett JK, Gardiner E. Barriers to treatment adherence in physiotherapy outpatient clinics: a systematic review. Man Ther. 
2010;15:220-228. https://doi.org/10.1016/j.math.2009.12.004

Ketola S, Lehtinen J, Rousi T, Nissinen M, Huhtala H, Arnala I. Which patients do not recover from shoulder impingement syndrome, either with opera-
tive treatment or with nonoperative treatment? Acta Orthop. 2015;86:641-646. https://doi.org/10.3109/17453674.2015.1033309

Koltyn KF, Arbogast RW. Perception of pain after resistance exercise. Br J Sports Med. 1998;32:20-24. https://doi.org/10.1136/bjsm.32.1.20
Lin YL, Karduna A. Four-week exercise program does not change rotator cuff muscle activation and scapular kinematics in healthy subjects. J Orthop 

Res. 2016;34:2079-2088. https://doi.org/10.1002/jor.23234
Maestroni L, Marelli M, Gritti M, Civera F, Rabey M. Is rotator cuff related shoulder pain a multidimensional disorder? An exploratory study. Scand J Pain. 

2020;20:297-305. https://doi.org/10.1515/sjpain-2019-0108
Maestroni L, Read P, Bishop C, et al. The benefits of strength training on musculoskeletal system health: practical applications for interdisciplinary care. 

Sports Med. 2020;50:1431-1450. https://doi.org/10.1007/s40279-020-01309-5
Martínez-Calderón J, Flores-Cortes M, Morales-Asencio JM, Fernández-Sánchez M, Luque-Suárez A. Which interventions enhance pain self-efficacy in 

people with chronic musculoskeletal pain? A systematic review with meta-analysis of randomized controlled trials, including over 12 000 partici-
pants. J Orthop Sports Phys Ther. 2020;50:418-430. https://doi.org/10.2519/jospt.2020.9319

Nijs J, Lluch Girbés E, Lundberg M, Malfliet A, Sterling M. Exercise therapy for chronic musculoskeletal pain: innovation by altering pain memories. Man 
Ther. 2015;20:216-220. https://doi.org/10.1016/j.math.2014.07.004

Ratcliffe E, Pickering S, McLean S, Lewis J. Is there a relationship between subacromial impingement syndrome and scapular orientation? A systematic 
review. Br J Sports Med. 2014;48:1251-1256. https://doi.org/10.1136/bjsports-2013-092389

Rodrigues EV, Gomes AR, Tanhoffer AI, Leite N. Effects of exercise on pain of musculoskeletal disorders: a systematic review. Acta Ortop Bras. 
2014;22:334-338. https://doi.org/10.1590/1413-78522014220601004

Sluka KA, Frey-Law L, Hoeger Bement M. Exercise-induced pain and analgesia? Underlying mechanisms and clinical translation. Pain. 2018;159 suppl 
1:S91-S97. https://doi.org/10.1097/j.pain.0000000000001235

Steiger F, Wirth B, de Bruin ED, Mannion AF. Is a positive clinical outcome after exercise therapy for chronic non-specific low back pain contingent upon 
a corresponding improvement in the targeted aspect(s) of performance? A systematic review. Eur Spine J. 2012;21:575-598. https://doi.org/10.1007/
s00586-011-2045-6

Struyf F, Nijs J, Mollekens S, et al. Scapular-focused treatment in patients with shoulder impingement syndrome: a randomized clinical trial. Clin Rheu-
matol. 2013;32:73-85. https://doi.org/10.1007/s10067-012-2093-2

Van Damme S, Legrain V, Vogt J, Crombez G. Keeping pain in mind: a motivational account of attention to pain. Neurosci Biobehav Rev. 2010;34:204-
213. https://doi.org/10.1016/j.neubiorev.2009.01.005

Wernli K, Tan JS, O’Sullivan P, Smith A, Campbell A, Kent P. Does movement change when low back pain changes? A systematic review. J Orthop Sports 
Phys Ther. 2020;50:664-670. https://doi.org/10.2519/jospt.2020.9635

APPENDIX

[ viewpoint ]

 J
ou

rn
al

 o
f 

O
rt

ho
pa

ed
ic

 &
 S

po
rt

s 
Ph

ys
ic

al
 T

he
ra

py
®

 
 D

ow
nl

oa
de

d 
fr

om
 w

w
w

.jo
sp

t.o
rg

 a
t U

SP
 -

 U
N

IV
E

R
SI

D
A

D
E

 D
E

 S
A

O
 P

A
U

L
O

 o
n 

A
pr

il 
1,

 2
02

1.
 F

or
 p

er
so

na
l u

se
 o

nl
y.

 N
o 

ot
he

r 
us

es
 w

ith
ou

t p
er

m
is

si
on

. 
 C

op
yr

ig
ht

 ©
 2

02
1 

Jo
ur

na
l o

f 
O

rt
ho

pa
ed

ic
 &

 S
po

rt
s 

Ph
ys

ic
al

 T
he

ra
py

®
. A

ll 
ri

gh
ts

 r
es

er
ve

d.

https://doi.org/10.1093/ptj/pzy030
https://doi.org/10.1093/ptj/pzy030
https://doi.org/10.7717/peerj.4400
https://doi.org/10.1186/s12891-017-1667-1
https://doi.org/10.1186/s12891-017-1667-1
https://doi.org/10.1177/0363546512453297
https://doi.org/10.1177/0363546512453297
https://doi.org/10.7717/peerj.1102
https://doi.org/10.1177/2325967119892331
https://doi.org/10.15171/hpp.2019.01
https://doi.org/10.1016/j.msksp.2020.102171
https://doi.org/10.1016/j.msksp.2020.102171
https://doi.org/10.1016/j.math.2009.12.004
https://doi.org/10.3109/17453674.2015.1033309
https://doi.org/10.1136/bjsm.32.1.20
https://doi.org/10.1002/jor.23234
https://doi.org/10.1515/sjpain-2019-0108
https://doi.org/10.1007/s40279-020-01309-5
https://doi.org/10.2519/jospt.2020.9319
https://doi.org/10.1016/j.math.2014.07.004
https://doi.org/10.1136/bjsports-2013-092389
https://doi.org/10.1590/1413-78522014220601004
https://doi.org/10.1097/j.pain.0000000000001235
https://doi.org/10.1007/s00586-011-2045-6
https://doi.org/10.1007/s00586-011-2045-6
https://doi.org/10.1007/s10067-012-2093-2
https://doi.org/10.1016/j.neubiorev.2009.01.005
https://doi.org/10.2519/jospt.2020.9635

