
      1 of 8Clausen MB, et al. Br J Sports Med 2023;57:842–848. doi:10.1136/bjsports-2022-106383

Level of pain catastrophising determines if patients 
with long-standing subacromial impingement benefit 
from more resistance exercise: predefined secondary 
analyses from a pragmatic randomised controlled 
trial (the SExSI Trial)
Mikkel Bek Clausen  ‍ ‍ ,1,2 Michael Skovdal Rathleff  ‍ ‍ ,3,4 
Thomas Graven-Nielsen  ‍ ‍ ,5 Thomas Bandholm  ‍ ‍ ,6,7 Karl Bang Christensen  ‍ ‍ ,8 
Per Hölmich  ‍ ‍ ,1 Kristian Thorborg1,6 

Original research

To cite: Clausen MB, 
Rathleff MS, Graven-Nielsen T, 
et al. Br J Sports Med 
2023;57:842–848.

	► Additional supplemental 
material is published online 
only. To view, please visit the 
journal online (http://​dx.​doi.​
org/​10.​1136/​bjsports-​2022-​
106383).

For numbered affiliations see 
end of article.

Correspondence to
Dr Mikkel Bek Clausen, 
Department of Midwifery, 
Physiotherapy, Occupational 
Therapy and Psychomotor 
Therapy, Faculty of Health, 
University College Copenhagen, 
Copenhagen, Denmark;  
​mikkelbek@​gmail.​com

Accepted 4 February 2023
Published Online First 
10 March 2023

© Author(s) (or their 
employer(s)) 2023. Re-use 
permitted under CC BY-NC. No 
commercial re-use. See rights 
and permissions. Published 
by BMJ.

ABSTRACT
Objective  The primary aim was to investigate the 
effectiveness of adding more resistance exercise to 
usual care on pain mechanisms (including temporal 
summation, conditioned pain modulation (CPM) and 
local pain sensitivity) and pain catastrophising in 
people with subacromial impingement at 16 weeks 
follow-up. Second, to investigate the modifying effect 
of pain mechanisms and pain catastrophising on the 
interventions’ effectiveness in improving shoulder 
strength and disability
Methods  200 consecutive patients were randomly 
allocated to usual exercise-based care or the same plus 
additional elastic band exercise to increase total exercise 
dose. Completed add-on exercise dose was captured 
using an elastic band sensor. Outcome measures 
recorded at baseline, 5 weeks, 10 weeks and 16 (primary 
end point) weeks included temporal summation of pain 
(TSP) and CPM assessed at the lower leg, pressure 
pain threshold at the deltoid muscle (PPT-deltoid), pain 
catastrophising and the Shoulder Pain and Disability 
Index.
Results  Additional elastic band exercise was not 
superior to usual exercise-based care in improving 
pain mechanisms (TSP, CPM and PPT-deltoid) or pain 
catastrophising after 16 weeks. Interaction analyses 
showed that pain catastrophising (median split) modified 
the effectiveness of additional exercises (effect size 14 
points, 95% CI 2 to 25), with superior results in the 
additional exercise group compared with the usual care 
group in patients with less pain catastrophising.
Conclusion  Additional resistance exercise added 
to usual care was not superior to usual care alone in 
improving pain mechanisms or pain catastrophising. 
Additional exercise was, however, superior in improving 
self-reported disability in patients with lower levels of 
pain catastrophising at baseline.
Trial registration number  NCT02747251

INTRODUCTION
Each month, one in every six adults experiences 
shoulder pain lasting more than 1 week.1 Subacro-
mial impingement is the most common cause of 
shoulder pain, accounting for 50%–74% of shoulder 
cases in general practice.2 3 The condition is often 

persistent,4 and patients are frequently referred to 
orthopaedic specialist care.5 Non-operative care, 
including exercise therapy, is recommended as first-
line treatment6–10 while subacromial decompression 

WHAT IS ALREADY KNOWN ON THIS TOPIC
	⇒ Current care for subacromial impingement may 
not provide an adequate exercise dose, but 
prescribing more exercise is not the solution for 
this patient group as a whole.

	⇒ Pain mechanisms (temporal summation, 
conditioned pain modulation and local pain 
sensitivity), pain catastrophising, and exercise 
adherence have the potential to impact and 
attenuate treatment outcome.

WHAT THIS STUDY ADDS
	⇒ Adding more exercise using a time-contingent 
approach supported by brief pain education 
does not appear useful in improving pain 
mechanisms and pain catastrophising.

	⇒ The level of pain catastrophising modifies the 
effectiveness of more exercise in improving 
shoulder disability, meaning that patients with 
lower level of pain catastrophising at baseline 
benefit from more resistance exercise whereas 
those with higher level of pain catastrophising 
do not.

	⇒ A larger exercise dose was related to larger 
improvements in shoulder disability but not 
shoulder strength.

HOW THIS STUDY MIGHT AFFECT RESEARCH, 
PRACTICE OR POLICY

	⇒ Stratified care based on pain catastrophising 
seems a promising way to improve care for the 
large and heterogeneous population of patients 
with persistent subacromial impingement.

	⇒ A time-contingent approach (not stopping 
exercise because of pain) can be used to 
increase resistance exercise dose and improve 
shoulder disability outcomes in patients with 
less pain catastrophising, while other initiatives 
seem warranted to improve care for patients 
with more pain catastrophising.
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surgery is not recommended as standard care.11 Current non-
operative care leaves many patients with unacceptable and long-
standing symptoms,5 for unknown reasons.

Resistance exercise constitutes a key component in non-
operative care of subacromial impingement.6 7 Previous studies 
that included resistance exercise in the non-operative care for 
subacromial impingement reported limited to non-existent 
improvements in shoulder strength,12–21 suggesting that they did 
not provide an adequate stimulus. In the pragmatic SExSI Trial 
(Strengthening Exercises in Shoulder Impingement Trial),22 we 
found that prescribing more exercise was not the solution to 
this problem—at least not for this patient group as a whole.23 
Large heterogeneity in pain and symptom changes and treatment 
adherence suggests that stratified analyses could be useful to 
better understand this treatment response. The effect of exercise 
dose on shoulder pain could be attenuated by abnormal pain 
mechanisms (ie, increased gain of central pain mechanisms and 
pain hypersensitivity)24 and negative pain cognitions.25 Alter-
ations in central pain mechanisms include increased activity 
of top-down pain modulatory pathways, impaired descending 
inhibitory mechanisms and enhanced temporal summation of 
pain (TSP); various mechanisms that collectively lead to hyper-
excitability in the pain system.26 It has been suggested that exer-
cise has the potential to normalise some of the abnormal pain 
mechanisms, by deactivating brain-orchestrated top-down pain 
facilitatory pathways.26 This potential benefit requires the use 
of a time-contingent approach where exercises are not stopped 
based on immediate pain response,26 which was a core element of 
the SExSI Trial intervention.22 23 The time-contingent approach 
may, however, be hindered by the presence of negative pain 
cognitions (such as pain catastrophising), which has been linked 
to increased postexercise hyperalgesia and greater perceived 
exertion during exercise.27 28 The SExSI Trial add-on exercise 
programme included a brief pain education to counteract the 
impact of negative pain cognitions. Further, it remains unan-
swered if adherence to exercise (and hence the actual exercise 
dose) impacts the outcome of non-operative care for subacro-
mial impingement.

With this study we aimed to investigate if adding a large 
resistance exercise dose to usual care using a time-contingent 
approach is superior to usual care alone for improving pain 
mechanisms and pain catastrophising, in patients with long-
standing subacromial impingement at 16 weeks follow-up. We 
also investigated the modifying effect of pain mechanisms and 
pain catastrophising on the effectiveness of additional exercise in 
improving shoulder strength and disability. Finally, we explored 
the impact of shoulder strengthening exercise dose and central 
pain mechanisms on changes in shoulder strength and disability 
from baseline to 4 months follow-up.

METHODS
Study design
This study reported on predefined secondary analyses from the 
SExSI Trial22 23—a pragmatic, assessor-blinded and participant-
blinded, randomised, controlled superiority trial, with a two-
group parallel design. The trial protocol and primary trial report 
are available open access.22 23 End-of-treatment effect outcomes 
for shoulder strength, range of motion, patient-reported 
disability and pain, as well as quality of life, have been reported 
in the primary trial report.23 Conduct and presentation of statis-
tical analyses are in accordance with the CHAMP (CHecklist for 
statistical Assessment of Medical Papers)29 statement.

Participants
Patients were included consecutively as part of standard proce-
dure at our orthopaedic outpatient hospital clinic, and included 
both men and women. Patients were required to live in the 
Capital Region of Copenhagen, Denmark and be able to under-
stand spoken and written Danish. Eligibility criteria are described 
in the trial protocol.22 Briefly, these include: age 18–65 years; 
persistent subacromial impingement (>3 months) diagnosed 
using predefined and valid criteria; a medically justified need for 
general rehabilitation, accompanied by the offer of a rehabilita-
tion plan, including free-of-charge physiotherapy (in line with 
the Danish Health Act §140).

Procedures
Participants were randomised 1:1 to intervention (IG) or control 
(CG) groups. Blinded outcome assessors22 collected data prior 
to randomisation (baseline) and at follow-ups 5 weeks, 10 weeks 
and 16 weeks after randomisation, with 16 weeks as the primary 
end point. As prespecified,22 pain mechanisms (ie, central mech-
anisms and local pain sensitivity) were not assessed at baseline. 
Participants were not informed about the specific treatment 
content in the two groups, nor about the study hypothesis. We 
did not inform or discuss with participants whether they had 
been allocated to control or intervention (for details on blinding 
and allocation concealment, please see Clausen et al23).

Interventions
Both groups received usual non-operative care—including the 
offer to be referred to free-of-charge general rehabilitation in 
a municipal clinic. In addition, participants in the IG received 
an add-on intervention of progressive, high-volume resistance 
exercise. The intervention was split in three phases of 5-6 weeks 
each. For each new phase, one exercise was added, and the exer-
cise load increased. All exercises were performed unilaterally 
and targeted the rotator-cuff muscles through loaded external 
rotation and/or abduction, and were continued to contraction 
failure (muscular exhaustion) to facilitate an optimised physio-
logical response.30 31 The intervention started with exercises at 
low relative resistance but high volume (three sets per session, 
every day) and was designed to produce a large total time-under-
tension, i.e. the time that muscle and tendon is under tension 
during the resistance exercise. We instructed patients in the 
use of a pro- and regression algorithm, developed specifically 
for this study. The algorithm provides simple strategies to self-
monitor symptom-response and take action when needed32 —
using elements of pain neuroscience education.33 Accordingly, 
patients were taught that pain during exercise is not a sign of 
immediate danger and should be tolerated, as long as it is bear-
able. They were also instructed to stop the intervention if they 
had a flare-up lasting more than 24 hours, and to resume the 
intervention with lower resistance once the flare-up had settled. 
We did this to prepare patients for a time-contingent approach 
(i.e. not stopping exercise because of pain),26 by reducing fear 
of pain related to the intervention.33 Pro- and regression of 
external exercise resistance was further based on the repetition 
maximum (RM) principle, as described in the trial protocol.22 
Supervised exercise instructions were provided at baseline and 
after 2, 5 and 10 weeks. A full description of the intervention, 
following the TIDieR checklist and guide,34 and the rationale 
to support it is available open access,22 and educational videos 
of the exercises are available from https://video.kp.dk/playlist/​
dedicated/418727/0_m91947x6/.

 on A
pril 4, 2024 by guest. P

rotected by copyright.
http://bjsm

.bm
j.com

/
B

r J S
ports M

ed: first published as 10.1136/bjsports-2022-106383 on 10 M
arch 2023. D

ow
nloaded from

 

https://video.kp.dk/playlist/dedicated/418727/0_m91947x6/
https://video.kp.dk/playlist/dedicated/418727/0_m91947x6/
http://bjsm.bmj.com/


3 of 8Clausen MB, et al. Br J Sports Med 2023;57:842–848. doi:10.1136/bjsports-2022-106383

Original research

Outcomes and exposure variables
Central pain mechanisms were quantified using a user-
independent and reliable computer-controlled cuff algometer35–37 
to assess TSP38 and conditioned pain modulation detection and 
tolerance thresholds (CPM-detection and CPM-tolerance)39 
measured at the leg to examine central pain mechanisms inde-
pendently from local pain. Higher TSP Scores and lower CPM 
Scores equal a more facilitated (ie, abnormal) pain mechanism. 
Local pain sensitivity was quantified using reliable measures of 
pressure pain threshold (PPT)38 at four standardised body sites 
at the side of the painful shoulder: (1) The deltoid muscle, (2) 
The supraspinatus muscle,40 (3) The infraspinatus muscle40 and 
(4) At the site of worst pain as described by the patient (lower 
scores=more pain sensitivity). As prespecified22 only PPT for site 
1 (deltoid muscle) was included as a potential effect modifier. 
Pain catastrophising was quantified using the valid and reliable 
Danish version of the Pain Catastrophizing Scale41—scored from 
0 to 52 (higher scores equal more catastrophising). For further 
details on assessment of pain mechanism and catastrophising, 
see supplementary appendix and trial protocol (additional file 
7).22 Shoulder disability was assessed using the valid and reli-
able Shoulder Pain and Disability Index (SPADI),42 43—scored 
from 0 to 100 (100=worst). A priori,22 we defined 10 points 
as the minimal clinical important difference, and SPADI was 
the primary outcome in the SExSI Trial. Shoulder strength was 
measured as maximum voluntary contraction in abduction and 
external rotation (in Nm/kg) using a handheld dynamometer. 
Completed add-on exercise dose was quantified as the total time-
under-tension (in hours) for each phase of the intervention using 
BandCizer sensor technology—a sensor developed and validated 
specifically for capturing time under tension for elastic band 
exercises.44–46 Self-reported information regarding time spent 
on exercise in usual care was collected through a weekly text 
message using the SMS-track system and reported as minutes 
per week. The time spent per week for a given phase was calcu-
lated as a weighted average of the calendar weeks included in 
that phase. For further details on assessment of outcome and 
exposure variables, please see the trial protocol22 including its 
additional files.

Statistics
We applied constrained linear mixed models (cLMM) to test 
the effectiveness of the add-on intervention on changes in pain 
mechanism outcomes and pain catastrophising. Baseline values 
(measured before randomisation) were constrained to be equal, 
and a compound symmetry covariance structure was used. This 
structure was chosen based on the MAICE (Minimum Akaike 
Information Criterion Estimation) procedure as prespecified 
in the published protocol.22 For intention-to-treat analysis, 
missing outcome data were imputed using multiple imputa-
tions (30 imputation sets). Multiple imputation was based on all 
previous scores in the relevant outcome, age, sex and allocation 
as described in the protocol22 using fully conditional specifica-
tion.47 48 The missingness of data at the different time points 
is shown in online supplemental table 1 (available online). The 
assumptions of linear mixed models were evaluated by inspection 
of histograms, quantile-quantile plots and residual plots of the 
scaled residuals. To test the modifying effect of pain mechanisms 
and pain catastrophising on the effect of the add-on interven-
tion for shoulder strength and disability, we performed cLMM 
analyses similar to the corresponding main analyses reported in 
the primary trial report,23 but included a dichotomised value 
(median split) for the first measurement of the relevant variable 

as the interaction term and reporting the unstandardised effect 
size. We used stratified cLMM analyses to obtain within-group 
changes and between-group differences for each strata.

We tested the dose-response relationship between add-on 
exercise dose and shoulder-specific outcomes (strength and 
disability) using linear mixed models. We included both exercise 
dose and shoulder strength and disability outcomes as repeated 
measurements, using the change in shoulder strength and 
disability outcomes between each follow-up time point (baseline 
to 5 weeks, 5 weeks to 10 weeks, and 10 weeks to 4 months) 
as the outcome variable. The total time under tension in a time 
period constituted the exercise dose. In addition, we performed 
the same analysis, adding average weekly time spent on other 
exercises in each time period as the independent variable.

To better understand our results, we performed two 
supplemental analyses based on grouping of participants 
using dichotomised baseline pain catastrophising scores 
(median split). In the first analysis we compared the groups 
to discover if they differed in the total amount of completed 
add-on exercise dose and average weekly time spent on other 
exercises, respectively. These analyses were conducted using 
negative binomial regression analyses. In the second analysis 
we examined if this grouping explained part of the asso-
ciation between exercise dose and change in SPADI Score 
by adding the pain catastrophising group as an independent 
variable to the previously described linear mixed model.

Sample size considerations
The study sample size was determined based on the primary 
study hypothesis,22 and was powered to detect a 10-point 
difference in SPADI after 4 months with an SD of 19.5 and 
95% power at the 5% significance level. Hence, we consider 
these prespecified secondary analyses to be exploratory.

Equity, diversity and inclusion statement
Our study applied consecutive sampling, meaning that we 
included all cases irrespective of gender, race/ethnicity and socio-
economic level. We did not purposefully recruit people from 
marginalised communities but recruited from an uptake area 
that includes substantial socioeconomic diversity. The ability to 
understand spoken and written Danish was considered a require-
ment. The project group included nine men and three women, 
all from Denmark. The trial protocol and primary trial report 
have been published, and additional substudies are planned. For 
all studies related to this project we follow the ICMJE (Inter-
national Committee of Medical Journal Editors) recommenda-
tions regarding authorship. For this substudy, our author team 
includes seven men. The rest of the project group members 
are not included as authors as they did not fulfil the ICMJE 
criteria for this publication. Author disciplines included physio-
therapy, physiology, biostatistics and medicine. Data collection 
was similar in all cases, and we did not alter methods based on 
regional, educational or socioeconomic differences. Our anal-
yses do not explore the effects of sex, gender, race/ethnicity or 
socioeconomic status as this was not within the scope of the 
current study.

RESULTS
A total of 200 participants were randomly assigned to either 
IG or CG. Patient flow and characteristics have been described 
elsewhere.23
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Effectiveness analyses for pain mechanisms and pain 
catastrophising
Intention-to-treat analyses revealed no between-group differ-
ence in pain mechanism outcomes at any time point and no 
between-group difference for the change in pain catastrophising 
from baseline to 4 months follow-up (mean difference, 1 point 
(95% CI −2 to 4)), see online supplemental tables 2 and 3. Pain 
catastrophising improved in both CG (−7 points (95% CI −9 to 
−5)) and IG (−6 points (95% CI −8 to −4)).

Modifying effects of pain mechanisms and pain 
catastrophising
Results for the modifying effect of pain mechanisms and pain 
catastrophising are shown in table 1, figure 1 and online supple-
mental tables 4 and 5. For descriptive data on potential effect 
modifiers, see online supplemental table 6. Baseline level of pain 
catastrophising modified the effectiveness of the add-on inter-
vention in improving SPADI Score from baseline to 4 months 
follow-up (effect-size 14 points (95% CI 2 to 25)), with signifi-
cantly larger improvements in IG compared with CG for patients 
with lower levels of pain catastrophising (mean difference −8 
(95% CI −14 to −1)), see figure 1. The level of CPM-detection 
and PPT at the deltoid muscle (PPT-deltoid) (assessed at 5 weeks 
follow-up) modified the effectiveness of the add-on interven-
tion in improving external rotation strength from baseline to 
4 months follow-up (effect size −0.04 Nm/kg (95% CI −0.06 
to −0.01) and 0.03 Nm/kg (95% CI 0.00 to 0.06), respectively), 
with larger improvements in IG compared with CG for patients 
with lower CPM-detection Scores and higher PPT-deltoid Score.

Supplemental analyses revealed that patients with higher 
levels of pain catastrophising at baseline had completed less 
of the add-on exercise dose compared with those with lower 
levels of pain catastrophising (2.0 hours vs 3.7 hours, difference 
1.7 hours (95% CI 0.5 to 2.7)), while the average weekly time 
spent on other exercises did not seem to depend on the level 
of pain catastrophising (43 min vs 38 min in average per week, 
difference 5 min (95% CI −5 to 15)).

The impact of dose and central pain mechanisms on 
treatment outcome
The impact of add-on exercise dose and central pain mechanisms 
on changes in strength and disability outcomes are presented in 
table 2, figure 2 and online supplemental figures 1 and 2. The 
dose of resistance exercise completed as part of the add-on inter-
vention had a significant impact on change in SPADI Score, also 
when adjusted for the time a patient had spent on other exercises 
(additional improvement in SPADI per hour time under tension: 
−2.6 points (95% CI −4.1 to −1.1), p<0.001).

We also found that the time spent on usual care exercise 
was significantly related to changes in SPADI Score when 
adjusted for completed add-on exercise dose (−0.05 points 
in SPADI (95% CI −0.10 to −0.01) for every minute spent 
per week during a phase), see online supplemental figure 3. 
This means that an additional 60 min spent per week during 
a 5–6 weeks phase is associated with ~3 points improvement 
in SPADI during that time period . Add-on exercise dose 
and time spent on usual care exercise did not significantly 
impact the change in shoulder strength outcomes. CPM-
detection was significantly related to changes in external 
rotation strength, also when adjusted for the time a patient 
had spent on other exercises (additional improvement in 
strength per kPa increase in CPM-detection: −0.0004 Nm/
kg, 95% CI −0.0007 to −0.0001, p=0.009).

The supplemental analysis revealed that the relation-
ship between completed add-on exercise dose and change 
in SPADI Score remained of a similar magnitude when 
adjusting for baseline pain catastrophising (higher vs lower), 
with −2.3 SPADI points per hour ((95% CI −3.8 to −0.8), 
p=0.0029).

DISCUSSION
We found that adding a large resistance exercise dose to usual 
care—using a time-contingent approach with brief pain educa-
tion—is not superior to usual care alone in improving pain 
mechanisms or pain catastrophising in patients with subacromial 
impingement, but the level of pain catastrophising modifies its 
effectiveness in improving shoulder disability. Further, we found 
no evidence of a modifying effect of pain mechanisms in relation 
to shoulder disability, but we did find that a larger exercise dose 
was related to larger improvements in shoulder disability but not 
shoulder strength.

Negative pain cognitions hinder benefit from more resistance 
exercise
The predefined secondary analyses reported here extends 
the findings of the primary report,23 revealing that the lack 
of overall effect from additional exercise could be explained 
through a differing response depending on pain cognition 
(ie, pain catastrophising). The effect was favourable in 
patients with lower level of pain catastrophising (−8 points, 
95% CI −14 to −1), but absent with a tendency towards 
the unfavourable in patients with higher level of pain cata-
strophising (9 points, 95% CI −1 to 18). From our results, 
it appears that the brief pain education was not sufficient 
to improve negative pain cognitions. This may help explain 
our finding that patients with higher levels of pain cata-
strophising completed less of the additional exercise and 
thus provide an explanation why they did not benefit from 
additional exercise. Accordingly, higher levels of pain cata-
strophising have been linked to increased exercise-induced 
hyperalgesia27 while a larger pain response may reduce the 
willingness to complete further exercise sessions.49 Never-
theless, the difference in completed additional exercise 
dose (2 vs 3.7 hours) does not fully explain the difference 
in effect between the two strata (14 points difference in 
SPADI), let alone the tendency towards an unfavourable 
effect in patients with higher levels of pain catastrophising, 
especially when considering the dose-response relationship 
(~3 SPADI points per hour of performed exercise), regard-
less of pain catastrophising level. As such, other elements 
of the intervention might have had an unfavourable impact 
on patients with higher levels of pain catastrophising. We 
speculate that using an approach that allows exercises to be 
painful could be counterproductive in the presence of pain 
catastrophising. Regardless of this, our combined findings 
indicate that improving exercise adherence could be a way 
to improve shoulder disability outcomes but also suggests 
that different strategies might be relevant depending on 
level of pain catastrophising.

Impact of dose and pain mechanisms on shoulder 
strengthening
We found evidence of a modifying effect of PPT-deltoid 
level, with higher PPT related to a significant effect of 
additional exercise in increasing external rotation strength, 
possibly because less sensitivity to pain provides a better 
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foundation for proper loading during exercise. Similarly, 
we found evidence of a modifying effect of CPM-detection 
with lower (ie, worse) pain modulation related to a signifi-
cant effect of additional exercise in increasing external rota-
tion strength. This could be explained by the low relative 
resistance and high volume used in the first phases, which 
is found to elicit the highest gains in muscle strength in 
untrained individuals,50 but only if patients with lower (ie, 
worse) CPM-detection are also less trained to begin with. 
Finally, shoulder strengthening exercise dose did not signifi-
cantly impact the change in shoulder strength outcomes. This 
suggests that the mode of exercise was not useful to improve 
strength but considering the lack of improvements in many 
previous trials51 other explanations could be relevant, one 
being that the painful condition has hindered patients from 
achieving sufficient loading stimuli to elicit an increase in 
shoulder strength.

Clinical implications
Stratified care has been suggested as the solution to improve non-
operative care for patients with subacromial impingement,52 53 
based on the understanding that the diagnostic category is too 
broad to efficiently guide treatment.52 While previous studies on 
this subject have described a theoretical framework, ours is the 
first to provide clinical evidence in favour of stratified care, by 
showing that pain catastrophising modifies the response to addi-
tional exercise. Most importantly this study showed that adding 

more—while allowing exercises to be painful—was only a useful 
strategy for patients with lower levels of pain catastrophising.

Strengths and limitations
Important strengths of the current study are that our find-
ings are based on prespecified analyses of data collected 
through a large randomised clinical trial in a clinical popula-
tion of consecutive patients. Limitations include the risk of 
measurement bias in the intention-to-treat estimates and the 
fact that sample size was determined by the primary hypoth-
esising means that we consider the analyses reported here as 
exploratory. Our findings have the potential to broaden our 
knowledge regarding the interplay between pain cognitions, 
behaviour and exercise response, but further confirmatory 
studies are needed.

CONCLUSION
Additional resistance exercise added to usual care did not 
result in superior improvements in pain mechanism or 
pain catastrophising outcomes when compared with usual 
care alone. The level of pain catastrophising modified the 
effectiveness of additional resistance exercise in improving 
shoulder disability, with additional exercise being superior 
in improving self-reported disability in patients with lower 
levels of pain catastrophising at baseline. Furthermore, 

Figure 1  Shoulder Pain and Disability Index (SPADI) Scores with 95% CIs in the control group (CG) and intervention group (IG) before 
randomisation and for each follow-up time point for (A) patients with Pain Catastrophizing Scale (PCS) Score >16 and (B) patients with PCS Score 
≤16.

Table 2  Difference in change in outcome per unit increase in exercise dose (time under tension) or central pain mechanism

SPADI Abduction strength External rotation strength

mean (95% CI) P value mean (95% CI) P value mean (95% CI) P value

Time under tension −2.5 (−4.1 to −0.9) 0.002 0.01 (−0.002 to 0.015) 0.109 0.00 (−0.002 to 0.004) 0.485

 � adjusted* −2.6 (−4.1 to −1.1) 0.001 0.00 (−0.004 to 0.011) 0.317 0.00 (−0.002 to 0.004) 0.452

TSP 0.7 (−0.4 to 1.8) 0.212 0.00 (−0.009 to 0.004) 0.401 0.00 (−0.006 to 0.001) 0.137

 � adjusted* 0.8 (−0.3 to 1.9) 0.168 0.00 (−0.009 to 0.004) 0.462 0.00 (−0.006 to 0.001) 0.146

CPM-tolerance 0.1 (−0.2 to 0.3) 0.538 0.00 (−0.001 to 0.002) 0.704 0.00 (−0.001 to 0.001) 0.849

 � adjusted* 0.2 (−0.1 to 0.5) 0.219 0.00 (−0.001 to 0.002) 0.694 0.00 (−0.001 to 0.001) 0.810

CPM-detection 0.0 (−0.1 to 0.2) 0.549 0.00 (−0.001 to 0.001) 0.529 0.00 (−0.001 to 0) 0.021

 � adjusted* 0.0 (−0.1 to 0.2) 0.502 0.00 (−0.001 to 0.001) 0.506 −0.0004 (−0.0007 to −0.0001) 0.009

*Adjusted for exercise time in usual care.
CPM-detection, conditioned pain modulation detection threshold; CPM-tolerance, conditioned pain modulation tolerance threshold; TSP, temporal summation of pain.
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larger completed add-on exercise dose is associated with 
larger improvements in shoulder disability.
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Detailed description: assessment of pain mechanism and catastrophizing 

Central pain mechanisms 

Temporal Summation of Pain (TSP) and Conditioned Pain Modulation (CPM) were measured at the 

ipsilateral leg using a computer‐controlled cuff pressure algometer (Nocitech, Denmark and Aalborg 

University, Denmark). Measurements were applied to the leg to examine central pain mechanisms 

independently from local pain. The testing procedure started with assessment of Cuff Pressure Pain 

Detection threshold (PDT) and Cuff Pressure Pain Tolerance Threshold (PTT), which were then used as 

reference levels to measure TSP and CPM. The cuff pressure was set to increase with a rate of 1 kPa/s to a 

maximal pressure limit of 100 kPa. Participants were instructed to rate pain intensity continuously from the 

first sensation of pain, using an electronic visual analogue scale (VAS), sampled at 10 Hz, and to press a 

release button when the pain was no longer tolerable. Zero and 10 cm extremes on the VAS were defined 

as “no pain” and “maximal pain”, respectively. The pressure value when the subject reached 1 cm on the 

VAS was defined as the Pain Detection Threshold (PDT). The pressure recorded when the subject pressed 

the release button was defined as the Pressure Pain Tolerance Threshold (PTT).[1] Measures of PDT and 

PTT using computerized cuff algometri are found reliable (ICC 0.7 to 0.9)[2] and widely used to study 

central pain mechanisms in different patient populations.[1,3,4]  

TSP was assessed through ten 1‐second cuff pressure stimuli with 2‐second inter stimulus intervals at an 

intensity equivalent to the recorded PTT. Participants were instructed to rate the pain intensity 

continuously. The VAS score at 1 s following each stimuli was automatically extracted, and TSP was 

quantified as the difference between a mean of the VAS scores for the last three stimulations and the mean 

for the first four stimulations,[2] (higher scores=more facilitated pain mechanism). 

CPM‐detection and CPM‐tolerance were quantified as the increase in PDT and PTT, respectively, when 

experimental tonic pain was induced in the contralateral lower leg (conditioning stimulus), using a similar 

cuff. The cuff maintained a constant pressure corresponding to 75% of the PTT pressure from the initial test 

of PTT at the ipsilateral lower leg,[5] while a new measurement of PDT and PTT (test stimulus) was 

conducted in the lower leg on the same side as the shoulder pain. Higher scores indicate less facilitated 

pain mechanisms. 
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Local pain sensitivity 

Local pain sensitivity was quantified through measurement of Pressure Pain Threshold (PPT) at four 

standardized body sites using a hand‐held pressure algometer (Somedic Sales AB, Sweden). The 1 cm2 

stimulation area was placed perpendicular to the skin, and pressure applied at a rate of 30 kPa/s. The 

subjects were instructed to indicate when the sensation changed from a sensation of pressure to the first 

sensation of pain (lower scores=more pain sensitivity). PPTs were assessed at the side of the painful 

shoulder, at: I) the deltoid muscle, II) the supraspinatus muscle,[6] III) the infraspinatus muscle[6] and IV) at 

the site of worst pain as described by the patient. PPT was measured twice at each site, with the average of 

measurements for each site calculated and used for analyses. Similar measures of PPT in the arm have 

demonstrated good reliability (ICC 0.87).[2] As pre‐specified[7] only PPT for site 1 (deltoid muscle) was 

included as potential effect‐modifier. 

 

Pain catastrophizing 

Pain catastrophizing was quantified using the Danish version of the Pain Catastrophizing Scale (PCS), which 

consists of 13 items.[8] Each item is scored on a 5‐point Likert scale (0‐4 points, 4 = worst) and combined to 

a total score (0 to 52, higher scores equals more catastrophizing). The Danish version is found valid and 

reliable (α=0.91‐0.94) in patients with chronic pain.[8]  
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Suppl. table 1. Missingness of data for each outcome at baseline, week 5, week 10, and four months. 
 Baseline  Week 5  Week 10  4 months 

  IG  CG  IG  CG  IG  CG  IG  CG 

PCS  0  0  32  15  38  19  31  20 

TSP  ‐  ‐  37  18  42  21  36  22 

CPM‐tolerance  ‐  ‐  35  19  42  24  37  21 

CP‐detection  ‐  ‐  35  19  43  25  37  22 

PPT‐deltoid  ‐  ‐  33  15  41  19  35  20 

PPT‐supraspinatus  ‐  ‐  33  15  41  19  35  20 

PPT‐infraspinatus  ‐  ‐  33  15  41  19  35  20 

PPT‐site of worst pain  ‐  ‐  36  21  43  22  38  25 
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Suppl. table 2. Mean scores for pain mechanism outcomes at 5, 10 and 16 weeks and between group difference at each 
follow‐up time‐point 
  Control Group    Intervention Group    Between‐group difference 

  Mean  SD    Mean  SD    Mean 
diff. 

95%CI  p= 

              Difference in mean score 
TSP 5w  2.6  1.7    3.0  1.6    0.5  (‐0.1 to 1.1)  0.0892 
TSP 10w  2.5  1.6    2.7  1.5    0.2  (‐0.4 to 0.8)  0.5229 
TSP 16w  3.0  1.9    2.9  1.8    ‐0.1  (‐0.7 to 0.5)  0.8052 
CPM‐tolerance 5w  3.1  10.9    5.1  9.7    2.0  (‐1.9 to 5.8)  0.3155 
CPM‐tolerance 10w  4.9  12.5    4.7  13.6    ‐0.2  (‐4.5 to 4.1)  0.9206 
CPM‐tolerance 16w  4.5  11.2    4.7  12.4    0.2  (‐3.8 to 4.2)  0.9211 
CPM‐detection 5w  1.1  8.5    2.9  9.7    1.8  (‐0.7 to 4.3)  0.1603 
CPM‐detection 10w  3.7  6.3    3.5  6.0    ‐0.1  (‐2.5 to 2.2)  0.9055 
CPM‐detection 16w  3.9  7.4    3.4  6.3    ‐0.5  (‐2.8 to 1.9)  0.6795 
PPT‐deltoid 5w  236  172    227  168    ‐9  (‐57 to 39)  0.7106 
PPT‐deltoid 10w  219  158    211  141    ‐8  (‐55 to 39)  0.7414 
PPT‐deltoid 16w  216  150    206  153    ‐10  (‐57 to 37)  0.6760 
PPT‐supraspinatus 5w  251  165    229  165    ‐22  (‐69 to 25)  0.3603 
PPT‐supraspinatus 10w  242  148    241  150    ‐2  (‐49 to 46)  0.9448 
PPT‐supraspinatus 16w  239  166    208  142    ‐31  (‐79 to 16)  0.1980 
PPT‐infraspinatus 5w  238  156    206  128    ‐32  (‐73 to 9)  0.1291 
PPT‐infraspinatus 10w  236  144    227  138    ‐9  (‐51 to 33)  0.6801 
PPT‐infraspinatus 16w  226  135    200  123    ‐26  (‐67 to 15)  0.2155 
PPT‐site of worst pain 5w  167  114    161  116    ‐6  (‐43 to 31)  0.7386 
PPT‐site of worst pain 10w  166  119    149  100    ‐17  (‐53 to 19)  0.3639 
PPT‐site of worst pain 16w  163  130    156  120    ‐6  (‐45 to 32)  0.7542 

 

Suppl. table 3. Mean Pain Catastrophizing Scale scores with standard deviation for each group at baseline and 
5, 10 and 16 weeks, and difference in mean change between each follow‐up and from baseline to 16 weeks 

Mean score    Difference in mean change 

  CG  IG      Mean diff. (95%CI)  p= 
PCS baseline  18 ±13  14 ±11    PCS baseline to 5w  2 (‐1 to 4)  0.1598 
PCS 5w  13 ±13  11 ±10    PCS 5w to 10 w  1 (‐2 to 3)  0.7031 
PCS 10w  12 ±12  10 ±10    PCS 10w to 16w  ‐1 (‐4 to 2)  0.4256 
PCS 16w  11 ±12  9 ±10    PCS baseline to 16w  1 (‐2 to 4)  0.4226 
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Suppl. table 4. Within‐group changes in SPADI and shoulder strength outcomes stratified by potential effect‐modifiers for the IG and CG. respectively 
  Baseline to 5 weeks  5 to 10 weeks  10 to 16 weeks  Baseline to 16 weeks 
  CG  IG  CG  IG  CG  IG  CG  IG 
SPADI, 0 (best) to 100 (worst)               
TSP higher  ‐18.3  ‐16.3  ‐0.5  ‐5.0  ‐3.3  ‐2.3  ‐22.1  ‐23.6 
  (‐24 to ‐13)  (‐22 to ‐11)  (‐7 to 6)  (‐11 to 1)  (‐10 to 3)  (‐9 to 4)  (‐28 to ‐16)  (‐30 to ‐18) 
TSP lower  ‐15.2  ‐15.6  ‐3.4  ‐5.1  ‐4.3  ‐0.5  ‐22.9  ‐21.2 
  (‐20 to ‐10)  (‐22 to ‐9)  (‐9 to 2)  (‐12 to 2)  (‐10 to 1)  (‐8 to 7)  (‐28 to ‐18)  (‐28 to ‐14) 
CPM‐tolerance higher  ‐17.5  ‐16.1  ‐2.0  ‐6.4  ‐6.7  ‐3.5  ‐26.2  ‐26.1 
  (‐23 to ‐12)  (‐22 to ‐11)  (‐7 to 4)  (‐13 to 0)  (‐12 to ‐1)  (‐10 to 3)  (‐32 to ‐21)  (‐32 to ‐20) 
CPM‐tolerance lower  ‐12.4  ‐13.9  ‐2.9  ‐4.9  ‐1.7  2.2  ‐17.0  ‐16.6 
  (‐18 to ‐7)  (‐20 to ‐8)  (‐8 to 3)  (‐12 to 2)  (‐7 to 4)  (‐5 to 9)  (‐23 to ‐11)  (‐23 to ‐10) 
CPM‐detection higher  ‐16.7  ‐17.1  ‐2.6  ‐4.4  ‐5.7  0.2  ‐25.0  ‐21.2 
  (‐22 to ‐11)  (‐23 to ‐12)  (‐8 to 3)  (‐10 to 2)  (‐12 to 0)  (‐6 to 7)  (‐31 to ‐19)  (‐27 to ‐15) 
CPM detection lower  ‐13.3  ‐12.9  ‐2.6  ‐8.8  ‐3.2  ‐0.6  ‐19.2  ‐22.3 
  (‐19 to ‐8)  (‐19 to ‐7)  (‐8 to 3)  (‐16 to ‐2)  (‐9 to 2)  (‐7 to 6)  (‐25 to ‐14)  (‐29 to ‐16) 
PPT‐deltoid higher  ‐16.1  ‐18.2  ‐1.2  ‐7.9  ‐5.2  ‐0.7  ‐22.5  ‐26.7 
  (‐21 to ‐11)  (‐24 to ‐12)  (‐7 to 4)  (‐14 to ‐1)  (‐10 to 0)  (‐7 to 6)  (‐28 to ‐17)  (‐33 to ‐20) 
PPT‐deltoid lower  ‐15.1  ‐12.4  ‐3.1  ‐5.0  ‐3.5  ‐2.2  ‐21.8  ‐19.6 
  (‐20 to ‐10)  (‐18 to ‐7)  (‐9 to 2)  (‐11 to 1)  (‐9 to 2)  (‐8 to 4)  (‐27 to ‐16)  (‐26 to ‐14) 
PCS higher  ‐17.9  ‐11.0  ‐1.5  ‐1.8  ‐3.5  ‐1.3  ‐22.9  ‐14.1 
  (‐23 to ‐12)  (‐17 to ‐5)  (‐7 to 4)  (‐9 to 5)  (‐9 to 2)  (‐10 to 7)  (‐29 to ‐17)  (‐22 to ‐6) 
PCS lower  ‐15.3  ‐19.2  ‐2.3  ‐8.6  ‐5.2  ‐2.8  ‐22.9  ‐30.6 
  (‐20 to ‐11)  (‐24 to ‐14)  (‐7 to 2)  (‐13 to ‐4)  (‐10 to 0)  (‐7 to 2)  (‐28 to ‐18)  (‐35 to ‐26) 
Abduction MVC, Nm/kg               
TSP higher  0.01  0.00  ‐0.01  0.02  0.04  0.02  0.05  0.04 
  (‐0.02 to 0.04)  (‐0.03 to 0.03)  (‐0.04 to 0.03)  (‐0.01 to 0.05)  (0.01 to 0.08)  (‐0.01 to 0.06)  (0.02 to 0.08)  (0.01 to 0.07) 
TSP lower  ‐0.01  0.05  0.02  ‐0.05  0.02  0.01  0.03  0.01 
  (‐0.04 to 0.03)  (0 to 0.09)  (‐0.02 to 0.05)  (‐0.1 to 0)  (‐0.02 to 0.06)  (‐0.04 to 0.07)  (‐0.01 to 0.06)  (‐0.04 to 0.06) 
CPM‐tolerance higher  0.01  0.03  0.00  ‐0.01  0.02  0.02  0.03  0.04 
  (‐0.02 to 0.05)  (‐0.01 to 0.07)  (‐0.04 to 0.03)  (‐0.05 to 0.03)  (‐0.02 to 0.06)  (‐0.02 to 0.06)  (‐0.01 to 0.07)  (0 to 0.08) 
CPM‐tolerance lower  ‐0.03  ‐0.02  0.02  0.00  0.03  0.01  0.02  ‐0.01 
  (‐0.06 to 0.01)  (‐0.05 to 0.01)  (‐0.01 to 0.05)  (‐0.04 to 0.04)  (‐0.01 to 0.06)  (‐0.03 to 0.05)  (‐0.01 to 0.05)  (‐0.05 to 0.03) 
CPM‐detection higher  0.00  0.01  0.02  ‐0.02  0.01  0.01  0.03  0.00 
  (‐0.04 to 0.04)  (‐0.02 to 0.05)  (‐0.02 to 0.06)  (‐0.06 to 0.02)  (‐0.03 to 0.05)  (‐0.04 to 0.05)  (‐0.01 to 0.07)  (‐0.04 to 0.04) 
CPM detection lower  ‐0.01  0.00  0.01  0.01  0.03  0.03  0.02  0.03 
  (‐0.04 to 0.01)  (‐0.03 to 0.03)  (‐0.02 to 0.04)  (‐0.03 to 0.04)  (0 to 0.06)  (‐0.01 to 0.07)  (‐0.01 to 0.05)  (0 to 0.07) 
PPT‐deltoid higher  ‐0.02  0.03  0.00  ‐0.05  0.05  0.05  0.03  0.04 
  (‐0.05 to 0.01)  (0 to 0.07)  (‐0.03 to 0.04)  (‐0.09 to 0)  (0.01 to 0.08)  (0.01 to 0.10)  (‐0.01 to 0.06)  (0 to 0.08) 
PPT‐deltoid lower  0.02  ‐0.01  0.01  0.02  0.00  0.00  0.03  0.00 
  (‐0.01 to 0.05)  (‐0.04 to 0.02)  (‐0.02 to 0.04)  (‐0.01 to 0.05)  (‐0.03 to 0.03)  (‐0.04 to 0.03)  (0 to 0.06)  (‐0.03 to 0.03) 
PCS higher  0.01  ‐0.02  0.00  0.01  0.01  0.01  0.02  0.00 
  (‐0.02 to 0.04)  (‐0.06 to 0.02)  (‐0.03 to 0.04)  (‐0.04 to 0.06)  (‐0.03 to 0.04)  (‐0.03 to 0.06)  (‐0.02 to 0.06)  (‐0.04 to 0.05) 
PCS lower  ‐0.01  0.04  0.02  ‐0.02  0.05  0.03  0.05  0.05 
  (‐0.04 to 0.02)  (0 to 0.07)  (‐0.01 to 0.05)  (‐0.06 to 0.02)  (0.01 to 0.08)  (0 to 0.07)  (0.02 to 0.08)  (0.02 to 0.08) 
External rotation MVC, Nm/kg               
TSP higher  ‐0.01  ‐0.01  0.00  0.01  0.01  0.00  ‐0.01  0.00 
  (‐0.03 to 0)  (‐0.02 to 0)  (‐0.01 to 0.02)  (0 to 0.02)  (‐0.01 to 0.02)  (‐0.01 to 0.02)  (‐0.02 to 0.01)  (‐0.01 to 0.02) 
TSP lower  0.00  0.01  0.01  0.00  0.00  ‐0.01  0.01  0.01 
  (‐0.02 to 0.01)  (0 to 0.03)  (0 to 0.02)  (‐0.01 to 0.02)  (‐0.01 to 0.01)  (‐0.03 to 0.01)  (‐0.01 to 0.02)  (‐0.01 to 0.03) 
CPM‐tolerance higher  0.00  0.01  0.01  0.00  0.00  0.00  0.01  0.01 
  (‐0.01 to 0.02)  (‐0.01 to 0.02)  (‐0.01 to 0.02)  (‐0.01 to 0.02)  (‐0.02 to 0.01)  (‐0.01 to 0.02)  (‐0.01 to 0.02)  (0 to 0.03) 
CPM‐tolerance lower  ‐0.02  ‐0.01  0.00  0.01  0.01  ‐0.01  0.00  0.00 
  (‐0.03 to ‐0.01)  (‐0.02 to 0.01)  (‐0.01 to 0.02)  (0 to 0.03)  (0 to 0.02)  (‐0.02 to 0.01)  (‐0.02 to 0.01)  (‐0.02 to 0.02) 
CPM‐detection higher  0.00  ‐0.01  0.01  0.01  0.00  ‐0.01  0.01  ‐0.01 
  (‐0.02 to 0.01)  (‐0.02 to 0.01)  (0 to 0.02)  (‐0.01 to 0.02)  (‐0.01 to 0.01)  (‐0.03 to 0)  (‐0.01 to 0.02)  (‐0.02 to 0) 
CPM detection lower  ‐0.01  0.00  0.00  0.01  0.01  0.01  0.00  0.02 
  (‐0.02 to 0)  (‐0.01 to 0.02)  (‐0.01 to 0.01)  (‐0.01 to 0.02)  (‐0.01 to 0.02)  (0 to 0.03)  (‐0.01 to 0.01)  (0.01 to 0.04) 
PPT‐deltoid higher  ‐0.01  0.01  0.01  0.00  0.00  0.01  ‐0.01  0.02 
  (‐0.03 to 0)  (‐0.01 to 0.02)  (0 to 0.02)  (‐0.01 to 0.02)  (‐0.01 to 0.01)  (‐0.01 to 0.02)  (‐0.02 to 0.01)  (0 to 0.04) 
PPT‐deltoid lower  0.00  0.00  0.00  0.01  0.00  ‐0.01  0.01  0.00 
  (‐0.01 to 0.01)  (‐0.02 to 0.01)  (‐0.01 to 0.01)  (‐0.01 to 0.02)  (‐0.01 to 0.02)  (‐0.02 to 0.01)  (‐0.01 to 0.02)  (‐0.02 to 0.01) 
PCS higher  ‐0.01  ‐0.01  0.01  0.01  0.00  0.00  0.00  0.00 
  (‐0.02 to 0.01)  (‐0.02 to 0.01)  (0 to 0.02)  (‐0.01 to 0.03)  (‐0.01 to 0.01)  (‐0.02 to 0.01)  (‐0.01 to 0.02)  (‐0.02 to 0.02) 
PCS lower  ‐0.01  0.01  0.00  0.00  0.01  0.01  0.00  0.01 
  (‐0.02 to 0)  (‐0.01 to 0.02)  (‐0.01 to 0.01)  (‐0.01 to 0.02)  (‐0.01 to 0.02)  (‐0.01 to 0.02)  (‐0.02 to 0.01)  (0 to 0.03) 
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Suppl. table 5. The modifying effect of central and local pain mechanisms and pain catastrophizing on between‐group differences for changes in SPADI 
and shoulder strength outcomes. 
  Baseline to 5 weeks  5 to 10 weeks  10 to 16 weeks  Baseline to 16 weeks  Interaction 
  Mean  95%CI    Mean  95%CI    Mean  95%CI    Mean  95%CI    p= 
SPADI, 0 (best) to 100 (worst)                           
TSP higher  2  (‐6  10)  ‐4  (‐13 4)  1  (‐8  10)  ‐1  (‐10 7)  0.2986 
TSP lower  0  (‐8  7)  ‐2  (‐11 7)  4  (‐5  13)  2  (‐7 10)   
CPM‐tolerance higher  1  (‐6  9)  ‐4  (‐13 4)  3  (‐5  11)  0  (‐8 8)  0.4801 
CPM‐tolerance lower  ‐1  (‐9  6)  ‐2  (‐11 7)  4  (‐5  13)  0  (‐8 9)   
CPM‐detection higher  0  (‐8  7)  ‐2  (‐10 6)  6  (‐3  15)  4  (‐4 12)  0.1186 
CPM detection lower  0  (‐7  8)  ‐6  (‐15 3)  3  (‐6  11)  ‐3  (‐11 5)   
PPT‐deltoid higher  ‐2  (‐10  5)  ‐7  (‐15 2)  5  (‐4  13)  ‐4  (‐12 4)  0.1356 
PPT‐deltoid lower  3  (‐5  10)  ‐2  (‐10 6)  1  (‐7  10)  2  (‐6 10)   
PCS higher  7  (‐1  15)  0  (‐9 9)  2  (‐8  12)  9  (‐1 18)  0.0029 
PCS lower  ‐4  (‐11  3)  ‐6  (‐13 0)  2  (‐4  9)  ‐8  (‐14  ‐1)   
                           
Abduction MVC, Nm/kg                           
TSP higher  ‐0.01  (‐0.06  0.03)  0.02  (‐0.02  0.07)  ‐0.02  (‐0.06  0.03)  ‐0.01  (‐0.05  0.03)  0.4216 
TSP lower  0.05  (0.00  0.11)  ‐0.06  (‐0.13  0.00)  ‐0.01  (‐0.07  0.06)  ‐0.02  (‐0.08  0.04)   
CPM‐tolerance higher  0.02  (‐0.03  0.07)  ‐0.01  (‐0.06  0.05)  0.00  (‐0.06  0.05)  0.01  (‐0.05  0.06)  0.1552 
CPM‐tolerance lower  0.01  (‐0.04  0.05)  ‐0.02  (‐0.07  0.03)  ‐0.02  (‐0.07  0.03)  ‐0.03  (‐0.08  0.02)   
CPM‐detection higher  0.01  (‐0.04  0.07)  ‐0.04  (‐0.09  0.02)  ‐0.01  (‐0.07  0.05)  ‐0.03  (‐0.09  0.02)  0.1276 
CPM detection lower  0.01  (‐0.03  0.06)  0.00  (‐0.05  0.04)  0.00  (‐0.05  0.05)  0.01  (‐0.04  0.06)   
PPT‐deltoid higher  0.05  (0.00  0.11)  ‐0.05  (‐0.11  0.00)  0.01  (‐0.05  0.07)  0.01  (‐0.04  0.07)  0.1468 
PPT‐deltoid lower  ‐0.03  (‐0.07  0.01)  0.01  (‐0.04  0.05)  0.00  (‐0.05  0.04)  ‐0.03  (‐0.07  0.02)   
PCS higher  ‐0.03  (‐0.08  0.02)  0.01  (‐0.05  0.07)  0.01  (‐0.05  0.07)  ‐0.02  (‐0.08  0.04)  0.3712 
PCS lower  0.05  (0.00  0.09)  ‐0.04  (‐0.09  0.01)  ‐0.01  (‐0.06  0.04)  ‐0.01  (‐0.05  0.04)   
                           
External rotation MVC, Nm/kg                           
TSP higher  0.00  (‐0.01  0.02)  0.01  (‐0.01  0.02)  0.00  (‐0.02  0.02)  0.01  (‐0.01  0.03)  0.3161 
TSP lower  0.02  (0.00  0.04)  ‐0.01  (‐0.03  0.02)  ‐0.01  (‐0.03  0.01)  0.00  (‐0.02  0.02)   
CPM‐tolerance higher  0.00  (‐0.02  0.02)  0.00  (‐0.02  0.02)  0.00  (‐0.02  0.02)  0.00  (‐0.02  0.02)  0.4914 
CPM‐tolerance lower  0.01  (‐0.01  0.03)  0.01  (‐0.01  0.03)  ‐0.01  (‐0.03  0.01)  0.00  (‐0.02  0.02)   
CPM‐detection higher  0.00  (‐0.02  0.02)  0.00  (‐0.02  0.02)  ‐0.01  (‐0.03  0.01)  ‐0.02  (‐0.04  0.00)  0.0015 
CPM detection lower  0.01  (0.00  0.03)  0.01  (‐0.01  0.03)  0.01  (‐0.02  0.03)  0.03  (0.01  0.05)   
PPT‐deltoid higher  0.02  (0.00  0.04)  ‐0.01  (‐0.03  0.01)  0.01  (‐0.01  0.03)  0.02  (0.00  0.04)  0.0095 
PPT‐deltoid lower  0.00  (‐0.02  0.01)  0.01  (‐0.01  0.03)  ‐0.01  (‐0.03  0.01)  ‐0.01  (‐0.03  0.01)   
PCS higher  0.00  (‐0.02  0.02)  0.00  (‐0.02  0.02)  0.00  (‐0.03  0.02)  0.00  (‐0.03  0.02)  0.0823 
PCS lower  0.01  (0.00  0.03)  0.00  (‐0.02  0.02)  0.00  (‐0.02  0.02)  0.02  (0.00  0.03)   

 

 

Suppl. table 6. Median [IQR] for potential effect‐modifiers: 

 All   Low strata  High strata 

PCS  16  [8.67;27]  9 [3;13]  27 [20;34.5] 

TSP  2.7  [1.4;3.9]  1.4 [0.8;2.1]  3.9 [3.3;4.8] 
CPM‐tolerance  1.5  [‐2.15;6.275]  ‐2.1 [‐7.0;0.2]  6.1 [4.1;11.9] 
CPM‐detection  3.3  [‐2.0;9.5]  ‐2.1 [‐7.1;0.6]  9.6 [6.2;17.3] 
PPT‐deltoid  176  [119;288]  120 [86;152]  288 [228;349] 
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Suppl. figure 1. Changes in abduction strength during a phase (baseline to 5 weeks, 5 to 10 weeks and 10 to 16 weeks) per unit 

increase in A) exercise dose, B) level of temporal summation of pain, C) level of CPM tolerance threshold and D) level of CPM 

detection threshold for the respective phase. The curve is a smooth curve fitted to the predicted values obtained from the 

linear mixed model and fitted using a kernel density estimator the. The shaded represents a smoothing of the 95% confidence 

limits of individual prediction intervals 

BMJ Publishing Group Limited (BMJ) disclaims all liability and responsibility arising from any reliance
Supplemental material placed on this supplemental material which has been supplied by the author(s) Br J Sports Med

 doi: 10.1136/bjsports-2022-106383–8.:10 2023;Br J Sports Med, et al. Clausen MB



 

    

Suppl. figure 2. Changes in external rotation strength during a phase (baseline to 5 weeks, 5 to 10 weeks and 10 to 16 weeks) 

per unit increase in A) exercise dose, B) level of temporal summation of pain, C) level of CPM tolerance threshold and D) level 

of CPM detection threshold for the respective phase. The curve is a smooth curve fitted to the predicted values obtained from 

the linear mixed model and fitted using a kernel density estimator the. The shaded represents a smoothing of the 95% 

confidence limits of individual prediction intervals 
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Suppl. figure 3. Changes in SPADI during a phase (baseline to 5 

weeks, 5 to 10 weeks and 10 to 16 weeks) per unit increase in 

average time spent on usual care exercise the respective phase. 

The curve is a smooth curve fitted to the predicted values 

obtained from the linear mixed model and fitted using a kernel 

density estimator the. The shaded represents a smoothing of the 

95% confidence limits of individual prediction intervals 
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