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Background: Progressive high-load exercise (PHLE) has led to positive clinical results in patients with patellar and Achilles ten-
dinopathy. However, its effects on rotator cuff tendinopathy still need to be investigated.

Purpose: To assess the clinical effects of PHLE versus low-load exercise (LLE) among patients with rotator cuff tendinopathy.
Study Design: Randomized controlled trial; Level of evidence, 1.

Methods: Patients with rotator cuff tendinopathy were recruited and randomized to 12 weeks of PHLE or LLE, stratified for
concomitant administration of corticosteroid injection. The primary outcome measure was change from baseline to 12 weeks in the
Disabilities of the Arm, Shoulder, and Hand (DASH) questionnaire, assessed in the intention-to-treat population.

Results: A total of 100 patients were randomized to PHLE (n = 49) or LLE (n = 51). Mean changes in the DASH questionnaire were
7.11 points (95% CI, 3.07-11.16) and 8.39 points (95% CI, 4.35-12.44) in the PHLE and LLE groups, respectively; this corre-
sponded to a statistically nonsignificant adjusted mean group difference of —1.37 points (95% Cl, —6.72 to 3.99; P = .61). Similar
nonsignificant results were seen for pain, range of motion, and strength. However, a significant interaction effect was found
between the 2 groups and concomitant corticosteroid use (P = .028), with the largest positive change in DASH in favor of PHLE for
the group receiving concomitant corticosteroid.

Conclusion: The study results showed no superior benefit from PHLE over traditional LLE among patients with rotator cuff ten-
dinopathy. Further investigation of the possible interaction between exercise type and corticosteroid injection is needed to
establish optimal and potentially synergistic combinations of these 2 factors.

Registration: NCT01984203 (ClinicalTrials.gov identifier): Rotator Cuff Tendinopathy Exercise Trial (RoCTEX).
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Shoulder pain is a frequent complaint in primary and sec-
ondary care.233%4% Subacromial impingement syndrome
(SIS) is estimated to account for one-third of all shoulder-
related health care contacts.!®%® The definition of SIS
covers an umbrella of different underlying pathological
disorders, such as rotator cuff syndrome, tendinitis, and
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bursitis, rather than a specific diagnosis.??>3® Conse-
quently, some authors avoid the term SIS.3*3547 The diag-
nosis of rotator cuff tendinopathy is often used
synonymously with SIS, but rotator cuff tendinopathy
should be confined to tendon-related pain with weakness,
especially during elevation and external rotation,
largely preserved range of motion, and minimal resting
pain.?*3637 These clinical signs and symptoms roughly dif-
ferentiate patients with rotator cuff tendinopathy from
those having signs of bursitis, which include more constant
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pain and, often, more pronounced decreased range of
motion.?® The diagnostic accuracy of existing orthopaedic
tests are too low to clinically differentiate rotator cuff ten-
dinopathy from other shoulder disorders.'®>*” However,
ultrasound may be used to increase the diagnostic accuracy
of patients with shoulder pain.*’ Ultrasound has high speci-
ficity in diagnosing changes related to tendinopathy,%4>47
and it is reliable when performed in a standardized man-
ner.?® High specificity is especially important when allocat-
ing patients to treatment strategies in a randomized
controlled study.

Danish national guidelines recommend a minimum of
3 months of physical therapy before surgery is consid-
ered.?® However, methodologically rigorous studies are
necessary to evaluate the effectiveness of specific exercise
regimens for rotator cuff tendinopathy.?® These studies
should focus on strengthening exercises of different inten-
sity and frequency, as compared with an active control
group.>®

Eccentric/progressive heavy slow-resistance training has
shown positive results on tendinopathy in the knee and
ankle, with clinically relevant improvement in pain and
function, as well as structural changes verified by ultra-
sound.?3132 For rotator cuff tendinopathy, loaded eccentric
exercises have proved superior to unloaded exercises?® and
equal to traditional rotator cuff training®’ in reducing pain
and improving function. The superiority of progressive
high-load exercise (PHLE) has been demonstrated only
when compared with passive controls.3®

Concomitant corticosteroid injection has frequently been
administered to enhance the beneficial effects of exercise.?
Corticosteroids decrease inflammation and edema in the
surrounding tissue, thereby decreasing pain in these struc-
tures. The precise mechanism of action of corticosteroids in
rotator cuff tendinopathy is not entirely clear,® and the
influence of corticosteroid injection on exercise is unknown.

The primary aim of this study was to evaluate whether
PHLE is superior to traditional low-load exercise (LLE)
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among patients with rotator cuff tendinopathy. We hypoth-
esized that after 12 weeks of exercise, the intervention
group would have a significant improvement in the primary
outcome measure (Disabilities of the Arm, Shoulder, and
Hand [DASH] questionnaire score),?! with a decrease in
shoulder pain and an increase in shoulder strength. The
secondary aim was to evaluate the interaction of a concom-
itant corticosteroid injection in both PHLE and LLE exercise
programs.

METHODS
Trial Design

The multicenter RoCTEx (Rotator Cuff Tendinopathy
Exercise) trial was a randomized controlled superiority
trial stratified by corticosteroid injection (yes/no), with
observers and patients blinded. The primary endpoint was
12 weeks after baseline. Details on the trial are published
in Ingwersen et al.2*

Participants, Settings, and Locations

Between November 2013 and June 2015, participants with
rotator cuff tendinopathy were recruited from 3 orthopaedic
shoulder clinics at hospitals in western Denmark, supple-
mented by advertisements in local newspapers and sports/
fitness clubs. Patients were seen at the nearest shoulder
clinic for a standard clinical examination and assessment.
Eligible participants were adults aged 18 to 65 years with
shoulder symptoms lasting for a minimum of 3 months, in
addition to pain in the proximal lateral aspect of the upper
arm, aggravated by abduction. Further eligibility criteria
were signs of rotator cuff tendinopathy verified by ultra-
sound, including at least 1 of the following: tendon swelling,
presence of hypoechoic areas, calcification, fibrillar disrup-
tion, or neovascularization in the supraspinatus tendon. The

*Address correspondence to Kim Gordon Ingwersen, PT, PhD, Department of Physiotherapy, Hospital Lillebaelt, Vejle Hospital, Beriderbakken 4, DK-

7100 Vejle, Denmark (email: kim.ingwersen@rsyd.dk).

TResearch Unit of Musculoskeletal Function and Physiotherapy, Department of Sports Science and Clinical Biomechanics, University of Southern

Denmark, Odense M, Denmark.

*Department of Physiotherapy, Hospital Lillebaelt, Vejle Hospital, Vejle, Denmark.

SDepartment of Orthopaedic Surgery, Shoulder Clinic, Aalborg University Hospital, Farse Hospital, Farsg, Denmark.

IDepartment of Orthopaedic Surgery, Shoulder Clinic, Hospital Lillebaelt, Vejle Hospital, Vejle, Denmark.

IDepartment of Orthopaedic Surgery, Shoulder Clinic, Odense University Hospital, Svendborg Hospital, Svendborg, Denmark.
#Musculoskeletal Statistics Unit, Parker Institute, Copenhagen University Hospital, Bispebjerg and Frederiksberg, Copenhagen, Denmark.
**Department of Sports Science and Clinical Biomechanics, University of Southern Denmark, Odense M, Denmark.

T"Department of Health Sciences, Institute of Occupational Therapy, Physiotherapy and Radiography, Bergen University College, Bergen, Norway.

One or more of the authors has declared the following potential conflict of interest or source of funding: R.C. is a paid consultant for AbbVie, Amgen,
Axellus A/S, Bristol-Meyers Squibb, Cambridge Weight Plan, Celgene, Eli Lilly, Hospira, MSD, Norpharma, Novartis, Orkla Health, Pfizer, Roche, Sobi, and
Takeda; has received grants from Axellus A/S, AbbVie, Cambridge Weight Plan, Janssen, MSD, Mundipharma, Novartis, and Roche; has received payment
for lectures from Abbott, Amgen, Axellus, Bayer HealthCare Pharmaceuticals, Biogen Idec, Bristol-Meyers Squibb, Cambridge Weight Plan, Ipsen, Janssen,
Laboratoires Expanscience, MSD, Mundipharma, Norpharma, Novartis, Pfizer, Roche, Rottapharm-Madaus, Sobi, and Wyeth; has received grants for
manuscript preparation from Axellus, Bristol-Meyers Squibb, Cambridge Weight Plan, and Aleris-Hamlet (via Norpharma); has received payment for
development of educational presentations from Bristol-Meyers Squibb, MSD, and Pfizer; and received reimbursement for travel/accommodations/meeting
expenses from Abbott, AbbVie, Axellus, Bristol-Myers Squibb, Cambridge Weight Plan, Celgene, Laboratoires Expanscience, Norpharma, Novartis, Pfizer,
Roche, Rottapharm-Madaus, and Wyeth. This work was supported by the Region of Southern Denmark’s Research Fund, the Danish Rheumatism Asso-
ciation, the Ryholts Foundation, and the Danish Physiotherapy Association Foundation for Advancement of Research, Education, and Information. K.G.l. was
funded by 1-year fellowships from Hospital Lillebaelt-Vejle Hospital, University of Southern Denmark, and Region of Southern Denmark. The Musculoskeletal
Statistics Unit at the Parker Institute (R.C.) is supported by grants from the Oak Foundation.

Ethical approval for this study was obtained by the Regional Committees on Health Research Ethics for Southern Denmark.


mailto:kim.ingwersen@rsyd.dk

The Orthopaedic Journal of Sports Medicine

primary investigator performed all ultrasound measure-
ments, in a standardized manner, which has shown good
to excellent reliability for detecting pathological changes of
rotator cuff tendinopathy.?’> Additionally, participants had
to have a positive full can,?® Jobe,? or resisted external rota-
tion test?® as well as a positive Hawkins-Kennedy'® or Neer
test.*6

Patients were excluded if they had resting pain >40 mm
on a visual analog scale (VAS; range, 0-100; 0 = no pain),?
<90° active elevation of the arm, a full-thickness rotator
cuff tear (verified by ultrasound), a corticosteroid injection
within the previous 6 weeks, or competing diagnoses.?*

Exercise Programs

Patients were randomized to the PHLE (intervention) or
LLE (comparator) group. Both groups received the same
exercises, attention, and basic information. Patients were
seen by a physical therapist for initial exercise instruction
(60 minutes) in week 1 and for supervised exercise ses-
sions (30 minutes) in weeks 2-4, 6, and 9 and were
instructed to perform home-based exercises 3 times per
week.

The exercise program consisted of 2 exercises for the
scapula-stabilizing muscles, 2 for the rotator cuff muscles,
and 2 mobility exercises for the rotator cuff and scapulo-
thoracic complex. The specific rotator cuff exercises were
chosen according to studies showing the highest amount
of activation in relation to the deltoid and taking the risk
of impingement into consideration.'?*%®! The only
between-group difference was progression of load for the
rotator cuff exercises. The PHLE group gradually increased
its load from a 15-repetition maximum in week 1 to a 6-
repetition maximum in weeks 9 to 12, allowing patients
to perform isometric exercises if pain exceeded 50 mm on
VAS. The control group performed a 20- to 25-repetition
maximum from weeks 1 to 12 (for further description, see
Appendices A and B).

Orthopaedic specialists, in accordance with the local
standard procedures and in collaboration with the
patients, based a potential concomitant administration
of corticosteroid injection on their clinical evaluation. In
general, a corticosteroid injection was considered applica-
ble in patients with increased pain at night or with active
movements of the arm, presence of inflamed bursa (veri-
fied on ultrasound), or signs of Doppler activity around
calcifications. The corticosteroid injection was adminis-
tered to patients after baseline assessment but before
randomization.

Outcomes

The primary outcome was a change in DASH score (pri-
mary/activities of daily living = 0-100, 0 = no problems)
from baseline to week 12.2! Secondary outcomes included
DASH scores at weeks 1-4, 6, and 9; perceived pain at rest,
during general activities, and at night and maximum pain
during the previous 24 hours (on VAS)®; and maximum
isometric voluntary contraction (IsoForce Dynometer
EVO2; Medical Device Solutions AG) and active/passive
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range of motion (ROM) (HALO digital goniometer; HALO
Medical Devices) for scaption and external/internal rota-
tion (see Appendix C). Pilot studies of strength (intraclass
correlations = 0.84-0.92) and ROM measurements (intra-
class correlations = 0.75-0.96) have shown excellent!*
interrater reliability. Furthermore, explorative measure-
ments included standardized ultrasound measurements
obtained to verify changes consistent with tendinopathy,
including tendon thickening versus the contralateral non-
affected tendon, signs of fibrillar disruption, presence of
calcification, and neovascularization (dichotomized: yes/
no).2>*® These ultrasound changes are associated with
tendinopathy.?%57

Patients were instructed to complete an exercise diary.
Good compliance was defined as attending at least 4 of 6
visits to the physical therapist and completing >80% of the
exercises at home (reported in the diary).2*

Data Collection

The primary investigator performed all baseline and
follow-up assessments. Fifteen pilot patients were
assessed for adjustment and training of inclusion and
baseline/follow-up procedures. The treating physical
therapists were trained to teach patients how to perform
the exercise programs and administer the DASH
questionnaire.

Sample Size and Power Calculations

Given studies on patients with SIS,*82027:33:42,55 ¢

expected a mean baseline of 40 + 17 points in the DASH
questionnaire, 50% change in the PHLE group, and a
25% change in the LLE group. For a 2-sample pooled ¢
test of a normal mean difference (2-sided significance
level of 0.05, P < .05), 100 patients per group were
required to obtain a power of at least 98.5% for detecting
a mean difference of 10 DASH points between the 2
groups. For the second study objective of examining the
interaction between corticosteroid use and exercise
group, 260 patients in total were required to achieve
90% power.

A priori, the final deadline for inclusion for this study
was March 2015.2* However, this was postponed to June
2015. From November 2013 to June 2015, 100 partici-
pants were included; a substantially lower inclusion rate
than expected resulted in a power of 0.84 for the primary
aim.

Randomization and Allocation Concealment

Patients were randomly assigned to PHLE or LLE with
a 1:1 allocation per center, stratified by administration
of concomitant corticosteroid injection. A computer-
generated randomization schedule with permuted
blocks of random sizes (2-6) was used to prepare opa-
que, sealed, sequentially numbered envelopes placed in
2 separate ring binders (corticosteroid: yes/no) for each
center. A university secretary prepared the envelopes
for each center, while local secretaries performed the
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allocation procedure by taking the next prepared and
sealed envelope.

Blinding

Baseline measurements were performed before group allo-
cation. At follow-up, the primary investigator strongly
encouraged patients not to disclose their allocated exercise
program. Patients were informed that 2 active exercise
strategies were compared, but they were blinded regarding
group differences and the hypotheses.

Statistical Analysis

For primary efficacy analysis in the intention-to-treat (ITT)
population (all randomized patients independent of compli-
ance and withdrawals), the between-group difference in
DASH change (baseline to 12 weeks) was calculated, with
baseline observation carried forward used for missing data.
Analysis of covariance was used to compare mean changes
from baseline in DASH scores, as well as the secondary
continuous outcomes. The primary model included change
from baseline as the dependent variable, with treatment
group (PHLE or LLE), corticosteroid status (yes or no), and
center site (Nos. 1-3) as the main effects and with baseline
score as additional covariate. In the analysis of the second-
ary aim, the interaction for group and corticosteroid was
added to the primary model. Results are expressed as the
difference between group means (95% CIs) with associated
P values.

To analyze the longitudinal element of time effects
on the DASH score (repeated measures at 1-4, 6, 9, and
12 weeks), a mixed linear model approach was used,
based on restricted maximum likelihood estimates of the
parameters, with treatment group (PHLE or LLE), cor-
ticosteroid status (yes or no), and center site (Nos. 1-3) as
main effects and with baseline score as an additional
covariate.

For the effect on ultrasound-verified structural changes,
differences in change between groups were analyzed by a
chi-square test.

All ITT analyses were performed blinded to group allo-
cation (groups were named A and B in the data set). Sensi-
tivity analyses for missing values were performed on the
ITT population, first with imputation of the mean change
value of group A as a positive value and group B as a neg-
ative value, and then combined oppositely. All ITT data
analyses were carried out according to the pre-established
analysis plan.2* An external statistical consultant per-
formed analyses on the primary outcomes. Before group
allocation was unblinded, the primary conclusion was
approved by all authors. Analyses were performed with
Stata/IC 14 (2015; StataCorp), with P < .05 considered sta-
tistically significant.

Ethics and Registration

The Regional Scientific Ethics Committee of Southern
Denmark approved the trial on June 27, 2013 (project S-
20130071). The trial was registered with the Danish Data
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Protection Agency and approved on May 30, 2013 (regis-
tration 2008-58-0035). The trial is registered at Clinical-
trials.gov (NCT01984203). The study followed the
principles of the Declaration of Helsinki,?® and informed
consent was obtained from all participants before
participation.

RESULTS

A total of 103 patients from hospitals and 47 patients
from external recruitments were assessed for eligibility.
Of these, 100 patients who fulfilled the eligibility criteria
and signed informed consent to participate constituted
the ITT population; 49 patients were randomized to
PHLE and 51 to LLE (Figure 1). A total of 93 patients
(PHLE, n = 44, 90%; LLE, n = 49, 96%) participated in
the follow-up assessment and constituted the “as
observed” population. Fifty-nine patients (PHLE, n =
28, 57%; LLE, n = 31, 61%) were compliant with the
exercise protocol and constituted the “per protocol”
population.

At baseline, demographic and clinical characteristics
were not different between groups, except for a statisti-
cally significantly higher Hospital Anxiety and Depres-
sion score®® in the PHLE group (Table 1). Furthermore,
the DASH baseline score was significantly higher in
patients receiving concomitant corticosteroid injection
(mean + SD, 27.64 £ 10.75) than in those not receiving
(22.83 £ 11.70, P = .048). Demographic and clinical char-
acteristics of the participants who did not complete the
follow-up tests were not different from those with a com-
plete data set (data not shown).

Efficacy Analysis

In the ITT population, there was no significant group dif-
ference in the adjusted change in DASH score, with robust
results in sensitivity analyses. Furthermore, no significant
between-group differences were found in any secondary
outcomes (pain, strength, ROM). Both groups had, in gen-
eral, significant improvements in DASH, pain, and
strength, except for pain at rest. ROM significantly chan-
ged for only some of the movements (Tables 2 and 3).

Analysis of Secondary Aim

A significant interaction was found between the exercise
type/groups and concomitant corticosteroid injection (P =
.028) on DASH. However, there was no significant main
effect of group (P = .82) or concomitant corticosteroid
injection (P = .62). The effect of PHLE was higher than
that of LLE, although not significantly, among those
receiving concomitant corticosteroids (adjusted between-
group difference: 6.92 DASH points; 95% CI, —2.11 to
15.96). The effect of PHLE was lower than that of LLE,
although not significantly, among those not receiving con-
comitant corticosteroids (adjusted between-group differ-
ence: —5.63 DASH points; 95% CI, —12.10 to 0.83)
(Table 4, Figure 2).
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Assessed for eligibility (n=150)
Secondary care (n=103)

External recruited (n=47)

Enrollment
Excluded (n=50)
> . Not meeting inclusion criteria (n=50)
Randomized (n=100)
Center 1 (n=68)
Center 2 (n=19)
Center 3 (n=13)
v
i Allocation i
Allocated to PHLE (n=49) Allocated to LLE (n=51)
+ Received allocated intervention (n=48) + Received allocated intervention (n=50)
+ Did not receive allocated intervention (n=1) + Did not receive allocated intervention (n=1)
- Resigned participation in exercises (n=1) - Concomitant injury (n=1)
Follow-up
Lost to follow-up (n=4) Lost to follow-up (n=1)
- Unable to contact (n=4) - Unable to contact (n=1)
ITT Analysis v
Analyzed (n=49) Analyzed (n=51)
+ Excluded from analysis (n=0) + Excluded from analysis (n=0)
L As observed Jv'
Analyzed (n=44) Analysis Analyzed (n=49)
+ Excluded from analysis (n=5) + Excluded from analysis (n=2)
! T .
v Per protocol M
Analyzed (n=28) : Analyzed (n=31)
+ Excluded from analysis (n=21) AnalySlS + Excluded from analysis (n=20)

Figure 1. Flowchart of participants with rotator cuff tendinopathy in the RoCTEx trial intention-to-treat (ITT) population. Two
patients did not receive allocated intervention: 1 had complications after knee surgery (progressive high-load exercise [PHLE]),
and 1 resigned from participation before starting physical therapy (low-load exercise [LLE]). Five patients (4 in the PHLE group and
1 in the LLE group) could not be reached for follow-up appointments. Therefore, the baseline observation carried forward tech-
nique was performed on these 7 patients, corresponding to an ITT population of 100 patients. A total of 93 patients (PHLE, n = 44,
90%; LLE, n = 49, 96%) constituted the “as observed” population for the primary outcome. These included 14 patients who
discontinued the assigned intervention (PHLE, n =9, 18%; LLE, n =5, 10%) because of increased shoulder pain (PHLE, n =1; LLE,
n = 1), referral for a shoulder operation (PHLE, n = 1; LLE, n = 1), other concomitant sickness (PHLE, n = 5; LLE, n = 3), or
increased burdens at work (PHLE, n = 2). However, they completed the DASH questionnaire at 12 weeks. From these 14
participants, 10 were not willing or able to participate in the physical follow-up tests assessing ultrasound, visual analog scale,
strength, and range of motion, resulting in 83 patients (PHLE, n = 39, 80%; LLE, n = 44, 86%) in the “as observed” population for
these measurements. A total of 59 patients (PHLE, n =28, 57%; LLE, n = 31, 61%) were compliant with the exercise protocol and
were included in the per-protocol analysis.

Secondary Analyses outcomes and with the secondary outcomes (pain, strength,
and ROM; P > .30) (Appendix D).

Repeated measures of DASH showed no between-group dif- A significant effect (P = .039) on ultrasound-verified neo-

ference, as was the case with the as-observed (DASH, vascularity was observed in the per-protocol analysis in

—1.19; 95% CI, —6.88 to 4.51) and per-protocol (DASH, favor of PHLE, resulting in a 28.6% decrease in the number

—0.14 [95% CI: —6.20 to 5.92]) analyses, in the primary of patients presenting with neovascularity in the PHLE
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TABLE 1
Demographic and Baseline Values for PHLE and LLE (N = 100)*

Variable PHLE (n = 49) LLE (n =51)
Sociodemographic measurements, compliance and adverse advents
Age, y 45.7+10.6 46.5+10.1
Women 19 (38.9) 27 (52.9)
BMI 26.5+ 3.5 25.3+ 3.6

Duration of symptoms, mo, 12.0 (3-180) 12.0 (3-180)
median (range)
Symptom history?
Accident or acute incidence 14 (29.8) 17 (33.3)
Slow consistent development 13 (27.7) 18 (35.3)
(overload)

Unknown 20 (42.6) 16 (31.4)
Dominant side affected® 29 (59.2) 34 (66.7)
On sick leave at baseline 2 (4.1 0(0)
Workload, present occupation 3.8+24 28+19

(0-10; 10, very physically

heavy)?

Heavy workload (entire work 9 (20.0) 9(17.7)
history)®

Corticosteroid injection at 17 (34.7) 17 (33.3)
baseline

Compliance with exercise 28 (57) 31 (61)
protocol

Use of analgesics, No. per 0.0 (0.0-4.5) 0.0 (0-0.3)
exercise session, median

(range)

Corticosteroid injection after 0(0.0) 1(2.0)
baseline
Referred to surgery after 2(4.1) 1(2.0)
baseline
Adverse events®
At least 1 episode with 13 (30.2) 18 (36.7)
increased pain (>1 h) vs
pain before exercise because
of exercise performance
At least 1 episode with 11 (25.6) 12 (24.5)

decreased strength (>1 h) vs
strength before exercise
because of exercise
performance

Variable PHLE (n =49) LLE (n=51)
Patient-reported and physiologic measurements
DASH
Primary (ADL) 24.3+11.2 24.6 +12.0
Hobby 42.2 +28.0 37.5+24.7
Work 19.5 + 21.0 18.0 + 22.2
HAD
Depression 27+31 14+24
Anxiety 5.0+ 3.6 3.3+£3.2
VAS'
Rest 10.7 £ 10.6 7.7+8.8
Activity 37.1+18.3 379+17.1
Night 38.4 +23.8 34.3+24.0
Maximum 71.0+15.0 71.9+13.2
Isometric strength, N/BW?
Scaption 0.42 +£0.20 0.42+0.21
External rotation 0.23 £ 0.09 0.23+£0.10
Internal rotation 0.32+0.14 0.31+0.15
Passive ROM?
Scaption 149.1+16.9 152.1 £ 15.5
External rotation 92.1+26.4 88.9+24.6
Internal rotation 52.0+14.4 50.9+ 154
Active ROM®
Scaption 136.9+19.4 143.4+17.1
External rotation 775+ 24.1 75.2£24.0
Internal rotation 446 + 13.3 442+ 14.4
Ultrasound measurements
Fibrillar disruption 44 (89.8) 46 (90.2)
Neovascularity 24 (49.0) 21 (41.2)
Tendon swelling 16 (32.7) 12 (23.5)
Calcification 18 (36.7) 21 (41.2)

“Values are presented as mean + SD and No. (%) unless otherwise noted. ADL, activities of daily living; BMI, body mass index; BW, body
weight (kg); DASH, Disabilities of the Arm, Shoulder, and Hand (range, 0-100); HAD, Hospital Anxiety and Depression (range, 0-21); LLE,
low-load exercise; N, newton; PHLE, progressive high-load exercise; ROM, range of motion; VAS, visual analog scale (range, 0-100).

bn = 98 (LLE = 51, PHLE = 47).
‘n = 93 (LLE = 49, PHLE = 44).
9n = 85 (LLE = 45, PHLE = 40).
‘n = 96 (LLE = 51, PHLE = 45).
'a = 99 (LLE = 51, PHLE = 48).

group, in contrast to only a 9.7% decrease in the LLE group,
at 12-week follow-up.

Adherence to the Exercise Protocol

There was no between-group difference in compliance, cor-
responding to 28 (57%) being compliant in the PHLE group
and 31 (61%) being compliant in the LLE group.

Adverse Events

Three patients were referred for operation within the study
period because of worsening of symptoms, and 1 patient
received a corticosteroid injection after randomization
because of increased pain. There was no significant
between-group difference in episodes of increased pain or
loss of strength after training (Table 1).
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TABLE 2

Analysis of Changes in Intention-to-Treat Population (N = 100)

for Primary and Secondary Outcomes 12 Weeks After Baseline for PHLE and LLE®

Within-Group Change

PHLE LLE Adjusted Between-Group Difference on Change® P Value

DASH

Primary® 7.11 (3.07 to 11.16) 8.39 (4.35 to 12.44) —1.37 (—6.72 to 3.99) .61

Hobbyd 9.38 (1.31 to 17.44) 9.47 (—1.45 to 20.38) —2.13 (—14.43 to 10.17) 73

Work® 3.20 (—2.83 to 9.23) 3.49 (—1.32 to 8.30) —1.00 (—7.78 to 5.79) 7
VAS*¢

Rest 1.55 (—2.16 to 5.26) 1.02 (—1.66 to 3.70) —1.05 (—5.07 to 2.97) .61

Activity 11.14 (5.42 to 16.86) 14.07 (8.83 to 19.33) —2.65 (—9.69 to 4.38) .46

Night 12.57 (5.67 to 19.48) 15.75 (8.93 to 22.56) —5.01 (—13.30 to 3.28) .23

Maximum 15.14 (7.63 to 22.66) 17.14 (10.68 to 23.59) —2.04 (—11.97 to 7.89) .69
Isometric strength (N/BWY

Scaption 0.07 (0.03 to 0.11) 0.07 (0.03 to 0.10) 0.00 (—0.05 to 0.06) .95

External rotation 0.03 (0.02 to 0.05) 0.04 (0.02 to 0.06) 0.00 (—0.02 to 0.02) .85

Internal rotation 0.07 (0.04 to 0.09) 0.07 (0.05 to 0.10) —0.01 (—0.05 to 0.03) 71
Passive ROM/

Scaption 2.84 (—0.92 to 6.60) 3.86 (0.62 to 7.09) —1.93 (—6.53 to 2.68) 41

External rotation 3.84 (0.32 to 7.35) 4.94 (0.01 to 9.88) —0.51 (—6.48 to 5.47) .87

Internal rotation —0.10 (—2.60 to 2.40) —0.12 (—3.60 to 3.36) 0.35 (—3.68 to 4.38) .86
Active ROM/

Scaption 7.38 (2.16 to 12.61) 3.50 (—0.89 to 7.88) 0.66 (—5.25 to 6.56) .83

External rotation 5.38 (1.11 to 9.66) 5.23 (—0.54 to 10.99) 1.04 (—5.49 to 7.58) .75

Internal rotation 1.68 (—1.16 to 4.52) 0.61 (—2.62 to 3.85) 1.20 (—2.81 to 5.21) .55

“Values are presented as mean (95% CI). BW, body weight (kg); DASH, Disabilities of the Arm, Shoulder, and Hand (range, 0-100); LLE,
low-load exercise; N, newton; PHLE, progressive high-load exercise; ROM, range of motion; VAS, visual analog scale (range, 0-100).

Adjusted for baseline value, location (3 centers), and corticosteroid (yes/no).

‘n = 100 (LLE = 51, PHLE = 49).
9n = 69 (LLE = 36, PHLE = 33).
‘n = 86 (LLE = 43, PHLE = 43).
'n = 98 (LLE = 51, PHLE = 47).

DISCUSSION

No superior benefit of PHLE was seen when compared with
LLE in primary or secondary outcomes. In both groups,
significant within-group improvements were found in pri-
mary and secondary outcomes of pain with activity, pain at
night, maximum pain, strength, and passive external
ROM. A significant interaction was found between concom-
itant administration of corticosteroid injection and the type
of exercise. This interaction resulted in an increased,
although not significant, effect in favor of PHLE for
patients receiving corticosteroid injection. The interpreta-
tion of the results based on the interaction of exercise and
cortisone injection should be considered in relation to the
lack of power necessary to prove this secondary aim.

Explanation of Results

This study did not find a significant effect of PHLE in com-
parison with LLE. In contrast, Lombardi et al®*® and
Holmgren et al?® evaluated the effect of PHLE and eccen-
tric exercises in comparison with a waiting list (passive
control) or an unloaded movement exercise program with
no progression (active control). Both studies showed a

significant difference in the between-group analyses on
DASH. However, it is questionable whether Holmgren
et al (active control) defined the control exercise program
sufficiently to conclude a significant effect of eccentric exer-
cises over general exercises. In comparison, Maenhout
et al*® also evaluated the effect of eccentric exercises, in
comparison with an active general exercise program, and
they found no between-group differences.

The current lack of effect between exercise groups could
arise from several reasons, such as the intervention length,
diagnostic criteria, compensation strategies, and equal
workload. First, in relation to the length of the intervention,
12 weeks of PHLE exercise may not be long enough to
improve the patient’s tendon health, as tendon healing may
take a longer time. Therefore, a longer exercise period may
have been preferable to evaluate the efficacy of PHLE. Sec-
ond, as the biomechanics of the shoulder girdle are complex
and the differential diagnosis between SIS and rotator cuff
tendinopathy is challenging, it remains unknown whether
the absence of between-group differences is due to a propor-
tion of patients not having rotator cuff tendinopathy as their
main source of pain. The results of this study should be
interpreted with this in mind. However, we did follow thor-
ough inclusion procedures to ensure the presence of
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TABLE 3
Proportion of Participants With Structural Changes Verified by Ultrasound at 12 Weeks
in Intention-to-Treat Population (N = 100)*

Change From Baseline to 12 wk, No. (%)

Ultrasound Measurement PHLE (n = 49) LLE (n = 51) P Value
Fibrillar disruption 40 (81.6) 42 (82.4)
Negative change 1(2.0) 3(5.9) 511
No change 43 (87.8) 41 (80.4)
Positive change 5(10.2) 7(13.7)
Neovascularity 15 (30.6) 20 (39.2)
Negative change 1(2.0) 4(7.8) .163
No change 38 (77.6) 42 (82.4)
Positive change 10 (20.4) 5(9.8)
Tendon thickness 10 (20.4) 11 (21.6)
Negative change 2(4.1) 8 (15.7) .138
No change 39 (79.6) 34 (66.7)
Positive change 8(16.3) 9(17.6)
Calcification 17 (34.7) 20 (39.2)
Negative change 1(2.0) 1(2.0) 1999
No change 46 (93.9) 48 (94.1)
Positive change 2(4.1) 2(3.9)

“With analysis of changes in ultrasound measurements 12 weeks after baseline for PHLE and LLE. LLE, low-load exercise; PHLE,

progressive high-load exercise.

TABLE 4
Analysis of the Interaction Between the Exercise Groups and Concomitant Administration
of Corticosteroid for PHLE and LLE in the Intention-to-Treat Population (N = 100)®

CS—-

CS+

Within-Group Change

Within-Group Change

Adjusted Between-Group

Adjusted Between-Group

DASH PHLE LLE Difference in Change® PHLE LLE Difference in Change® P Value

Main® 4.49 9.13 —5.63 12.05 6.92 6.92 .028
(=0.74 t0 9.72)  (4.32 to 13.93) (—12.10 to 0.83) (5.78 to 18.31) (—1.23 to 15.06) (—2.11 to 15.96)

Hobby ¢ 5.21 9.38 —4.55 17.71 9.66 2.66 .584
(—3.86 to 14.27) (-3.56 to 22.31) (—=19.72 to 10.62) (0.54 to 34.88) (—14.05 to 33.36) (—18.67 to 24.00)

Work ¢ 2.78 6.25 -6.21 3.91 —2.23 8.59 .039

(—=5.93 to 11.49) (-0.20 to 12.70) (—14.50 to 2.08)

(—4.24 t0 12.05) (—8.50 to 4.04)

(—2.69 to 19.87)

“Values are presented as mean (95% CI). CS—, no concomitant administration of corticosteroid injection; CS+, concomitant administra-
tion of corticosteroid injection; DASH, Disabilities of the Arm, Shoulder, and Hand (range, 0-100); LLE, low-load exercise; PHLE, progressive

high-load exercise.
bAdjusted for baseline value and location (3 centers).
‘n =100 (LLE = 51, PHLE = 49).
9n = 69 (LLE = 36, PHLE = 33).
‘n = 86 (LLE = 43, PHLE = 43).

tendinopathy in the rotator cuff. Based on these methods—
consisting of a general assessment performed by experienced
orthopaedic specialists to exclude differential diagnoses, a
combination of orthopaedic clinical tests to confirm pain aris-
ing from the subacromial structures, and a standardized
ultrasound procedure®®>—the risk of a heterogeneous study
population was considered to be small. Third, the absence of
between-group differences may also be explained by the fact
that tendon loading is biomechanically different in the com-
plex shoulder joint, as compared with patellar and Achilles
tendon loading, where PHLE has shown equal or superior

effects versus eccentric exercises in treatment of tendinopa-
thy.%"31:32 Although rotator cuff tendinopathy shows simi-
larities with patellar and Achilles tendinopathy,>°3%3¢ the
tendon loading on painful rotator cuff muscles may evoke
inhibition of rotator cuff muscle activity.!** As compensa-
tion, the deltoid muscle may increase its activity to perform
the required task.** Consequently, the absorbed load of the
rotator cuff tendon may be less than expected in a pain-free
shoulder. As loading of the tendon appears important,”’ this
potential protection/compensation mechanism may explain
why the present study and others of eccentric/PHLE in
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Figure 2. Main outcome: primary and secondary objectives in
intention-to-treat analysis (N = 100). Primary objective: illus-
tration of Disabilities of the Arm, Shoulder, and Hand (DASH)
score at 12 weeks. Secondary objective: DASH score at 12
weeks stratified for concomitant corticosteroid injection. Esti-
mates are mean + standard error. CS+, concomitant cortico-
steroid; CS-, no concomitant corticosteroid; LLE, low-load
exercise; PHLE, progressive high-load exercise.

rotator cuff tendinopathy®® generally do not result in supe-
rior effects when compared with LLE. Fourth, another ques-
tion may be whether the groups trained with different loads.
According to exercise diaries from the per-protocol popula-
tion, the PHLE group actually exercised with twice the
amount of load (normalized to 1-repetition maximum at
baseline) of the LLE group in the 2 rotator cuff exercises
(data not shown).

This study found a significant interaction effect of corti-
costeroid injection and exercise type, which resulted in a
higher effect of PHLE versus LLE in those patients who

Progressive High-Load Exercises for Rotator Cuff Tendinopathy 9

had a corticosteroid injection, while the opposite effect was
present for those who did not have an injection. This may
indicate that concomitant use of corticosteroid injection
opens a “window of opportunity,” resulting in decreased
pain inhibition in the rotator cuff muscles. This window
may ensure that the rotator cuff muscles receive optimal
stimulation, resulting in clearer changes, as those previ-
ously found in patellar and Achilles tendinopathy.?31:32
The role of inflammation within tendinopathy is controver-
sial,” but recent evidence supports the occurrence of active
inflammation.1%%2 Conversely, the addition of corticoster-
oids in relation to degenerative tendons is reported to neg-
atively influence regenerative processes in tendons.'175%
The combined risk and benefit must therefore be assessed
when administering corticosteroid injection. However, a
recent systematic review found that tendon rupture in rela-
tion to corticosteroid injections was uncommon, occurring
in only 0.1% of tendons in general.® To confirm the current
results and eventually evaluate the underlying mechan-
isms, further research of the interaction between exercise
type and concomitant corticosteroid injection must be
performed.

We found a positive effect of PHLE on structural changes
verified by ultrasound among the patients who were compli-
ant with the assigned intervention (per-protocol analyses).
The signs of neovascularity disappeared in significantly
more patients after the PHLE intervention versus LLE. Fur-
thermore, more patients had decreased tendon thickness in
the PHLE group (increased tendon thickness: 33% at base-
line and 20% at follow-up in the PHLE group vs 24% and
22%, respectively, in the LLE group), although this differ-
ence was not statistically significant. Reduced tendon thick-
ness is anticipated to be a strong indicator of improved
function and diminished pain because of the reduced volume
occupied by nonedematous tendon in the subacromial
space.3* However, per-protocol analyses are prone to bias,
and results should be investigated further before accepting
these conclusions.

The current within-group change in DASH score of 7.1 to
8.4 points (29% to 34%) is below the minimal clinically
important difference (MCID), which for the DASH has been
suggested to be 10.5 points for patients with general shoul-
der disorders.'® However, the MCID should generally be
considered in relation to the specific population, the specific
intervention, and the baseline value.*?

The current baseline DASH was lower than in previous
studies of patients with SIS, *820:27:33:42.55 i djcating less dis-
comfortin the current population at inclusion. The addition of
recruitment by external advertisements did not appear to
cause lower baseline scores, since exploratory analyses (data
not shown) showed no differences in baseline scores between
recruitment types. Another reason for the low baseline DASH
score may be the minimal resting pain and largely preserved
ROM often seen in patients with rotator cuff tendinopa-
thy,2%%7 in contrast to higher DASH scores in SIS patients
being attributed to a greater variety of symptoms. Camargo
et al* evaluated the effect of eccentric exercises in a cohort
study with similar inclusion criteria, including ultrasound,
asin the current trial. They found equally low baseline DASH
values. Since none of the previous randomized controlled
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studies?®3840 evaluating eccentric/PHLE used ultrasound

measurements to confirm structural abnormalities in the
rotator cuff tendon at inclusion, comparisons between the
present and previous studies are difficult to perform. In the
Holmgren et al2° study, only clinical signs were used as inclu-
sion criteria. After inclusion, ultrasound measurements of
the rotator cuff showed 31% of patients having either partial-
or full-thickness rotator cufftear, which may be the reason for
a more heterogenic population and higher baseline score on
the DASH. Also, Lombardi et al®® used only clinical tests to
include patients, with equally high levels of DASH baseline
results as in the Holmgren et al? study. Since no further
evaluations of potential differential diagnoses were pre-
sented in these studies, the specific differentiation among
tendinopathy, bursitis, and rotator cuff tears remains uncer-
tain. Furthermore, the current within-group change of 29% to
34% in PHLE and LLE, respectively, is larger than or similar
to the percentage change in the intervention group from Lom-
bardi et al®® and Camargo et al,* indicating that the MCID
change in relation to baseline values is similar across studies
for rotator cuff tendinopathy, and the results of these studies
may therefore seem more consistent.

Strengths and Limitations

A major limitation is the clinical criteria for rotator cuff
tendinopathy, which could explain some of the reasons for
the lack of between-group differences. However, as
described, this problem was approached by strict inclusion
procedures, including ultrasound-confirmed structural
changes. Another limitation was the inability of blinding
the treating physical therapists to the primary hypothesis,
which could have influenced administration of exercise.
However, because several physical therapists were
involved and standardized information for patients was
provided through written material and as an exercise DVD
describing exercises and progression, this potential bias
was minimized. Additionally, the number of compliant par-
ticipants (60%) was relatively low. However, given that the
requirement for being compliant was 80% completion of the
exercise sessions, in addition to a high total number of vis-
its to the physical therapists, the current compliance rate is
acceptable. Other studies (eg, Holmgren et al?°) found
approximately 85% compliance on number of days trained,
but completion of exercise sessions was not recorded, mak-
ing comparisons difficult.

A significant interaction occurred between exercise and
concomitant administration of corticosteroid injection.
However, the current study did not achieve sufficient power
to detect a significant between-group difference in the area
of concomitant corticosteroid injection. Therefore, further
investigation of this interaction is warranted.

The strengths of the current study are the inclusion of an
active control group and the blinding of patients. Further-
more, vital methodological strengths of the current study
include blinding of the primary examiner, a blinded out-
come analysis performed by an external statistician, inter-
pretation of the results prior to unblinding, publication of a
detailed study protocol, and a standardized public exercise
protocol (Appendices A and B).

The Orthopaedic Journal of Sports Medicine

Deviations From Protocol

See Appendix E: “Deviations From Protocol.”

CONCLUSION

Our results showed there was no superior benefit of PHLE
over traditional LLE in patients with rotator cuff tendino-
pathy. Further investigation of the possible interaction
between exercise type and corticosteroid injection is needed
to establish optimal and potentially synergistic combina-
tions of these 2 factors. This finding suggests that shared
decision making between patients and therapists, based on
individual preferences, can safely be performed to secure
optimal compliance.
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APPENDIX A: LLE EXERCISE PROGRAM

General Information About the Training

Slow-Controlled Movements. All exercises are to be per-
formed slowly and with controlled movements. Be careful
to keep focus on the quality of the exercise to achieve the
expected effect. Perform the workout at a time of the day
where you can perform the exercises undisturbed.

Customize the Load to the Planned Number of Repetitions. As
part of the training, you need to continuously adjust the load
in the exercises so that you cannot perform more repetitions
than planned. It is important that you follow the instructions
given by the therapist upon the load of the exercises and
continuously adjust the load according to the program.

The physiotherapist will help you find the appropriate
load when seen for the control sessions at the rehabilitation
department.

Pain During Exercise. When you exercise, you may experience
slight increased pain in the shoulder. This is normal and OK.
What you must be aware of is how high the pain is. That is, if
the pain rises >5 on a scale of 0 to 10 (VAS: 0 = no pain, 10 =
worst pain imaginable), it should not be any higher. Five on
the scale corresponds approximately to a pain that you can
tolerate without feeling that it is directly harmful.

In addition, the pain is expected to decrease to about the
level that it was before the training within a maximum of
30 minutes. Furthermore, the pain must not be increased
the days following training. If pain does not decrease after
training or gets worse in the following days, you should
approximately reduce the load of your exercises by half and,
over 3 or 4 exercise sessions, increase toward the planned
load again. If this does not help, please contact the physio-
therapist who initially instructed you.

If you take pain medication, the pain may be lower than
normal, but you should follow the same guidelines in terms
of how long the pain may last and worsen from day to day.

Why We Believe This Training Works. The training is believed
to have a positive effect on the muscles called the rotator
cuff. The exercises work by improving the muscles’ ability
to stabilize and coordinate the shoulder joint and reduce
the undesirable joint forces that may come when the joint
is not completely stable and well coordinated. The exercises
are believed to awaken the muscles and make them

progressively stronger and more enduring, so they can
work a entire day without getting overloaded and tired.

The exercise program is to be performed 3 times per
week.

First Exercise. Stand with your back in a stooped position.
Now, try to make the distance between your breastbone and
navel longer, until you feel you are standing with your back
straight.

While holding this position, bring your scapulae slowly
together.

The position is maintained for 5 deep breaths (approxi-
mately 15 seconds). Then fully relax and let your shoulders/
back fall forward into the stooped position.

Repeat the exercise 3 times. Spend about 30 seconds of
rest between each repetition.

If you experience pain, adjust the degree of movement,
so a light pain occurs (maximum, 5 on VAS) and then
diminishes immediately after the exercise.

Second Exercise. Stand with your back straight and scap-
ula (involved side) resting against a wall.

Grasp with your opposite arm the back of your upper
arm/elbow, and move the arm toward the chest so that the
elbow moves closer the opposite shoulder.

Try to keep the elbow at the height of the shoulder, but
adjust in case of pain

The position is then maintained for 5 deep breaths
(approximately 15 seconds). Then fully relax and let the
arm slowly fall down along the body.

Repeat the exercise 3 times. Spend about 30 seconds of
rest between repetitions.

If you experience pain, adjust the degree of movement,
so a light pain occurs (maximum, 5 on VAS) and then
diminishes immediately after the exercise.
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Third Exercise. Stand with your back straight and shoulders
slightly held back (same position as in the first exercise).
Hold the dumbbell in your hand so that the palm faces
slightly forward and the thumb points away from the body.

Lift the dumbbell toward the horizontal plane, at an
angle of 45° from the body (midway between flexion and
abduction). Attempt to come up to a height where the arm
is horizontal. Use about 2 seconds on the movement up.

Next, lower the arm slowly until it is again held down
alongside the body. Use about 2 seconds on the down move-
ment. Stop the movement just before you relax completely,
and then repeat the exercise 20 to 25 times.

The exercise is carried out for 3 sets. Spend about 30
seconds of rest between sets.

Adjust the load if it is too easy or heavy (5 than the
proposed).

Remember the advice on pain: Pain is OK during exer-
cise but should not exceed 5 on a 0-10 scale. Similarly,
increased pain should decrease shortly after the exercise
and overall not be elevated >30 minutes after your workout,
get worse, or increase in the following days.

If you experience increased pain, adjust the load, so a
light pain occurs (maximum, 5 on VAS) and then
diminishes immediately after the exercise.

Fourth Exercise. Lie down on your opposite shoulder. Lie
with your back straight (do not curve the upper part of your
back). Let your legs be slightly bent, so you feel that you
have the balance while lying on the side. Let your upper
arm of the training arm lie down alongside your body, so the
elbow is located between the ribs and hip. The elbow is bent
90° so your hand is placed approximately in front of your
navel. The scapula is kept slightly back.

Grasp the dumbbell, and lift it slowly toward the ceiling
by making an external rotation in the shoulder. The
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movement is made as far as you can or maximally until
your forearm is held in a vertical position. Use about 2
seconds on the movement up. Keep your elbow at the same
point midway between the ribs and hip throughout the
exercise. You must keep the rest of your body at rest so that
only the arm moves. Keep your scapula slightly back during
the entire movement.

Next, lower your hand slowly until the dumbbell
approaches the starting point. Use about 2 seconds on the
movement down. Stop the movement just before touching
the ground, and perform the exercise again.

The exercise is repeated 20 to 25 times.

The exercise is carried out for 3 sets. Spend about 30
seconds of rest between sets.

Adjust the load if it is too easy or heavy (£5 than the
proposed).

Remember the advice on pain: Pain is OK during exer-
cise but should not exceed 5 on a 0-10 scale. Similarly,
increased pain should shortly decrease after the exercise
and overall not be elevated >30 minutes after your workout,
get worse, or increase in the following days.

If you experience increased pain, adjust the load, so light
pain occurs (maximum, 5 on VAS) and then diminishes
immediately after the exercise.

Fifth Exercise. Lie flat on your back, with your knees bent
approximately 90°. Take the dumbbell in your hand, and
lift it toward the ceiling so that the arm is vertical (if nec-
essary, use your contralateral arm to aid you in placing the
dumbbell in the starting position). Let the shoulder/scapula
rest against the surface.

Then perform a push with shoulder/scapula so that the
dumbbell is lifted as high toward the ceiling as you feel that
you can, without lifting more than your shoulder/scapula
from the surface. You should not perform a rotation in the
back. Use about 2 seconds on the movement up. Next, grad-
ually lower your shoulder/scapula back to the starting
point. Use about 2 seconds on the movement back to the
starting point. Stop the movement just before you feel you
can relax. The exercise is performed 20 times.

The exercise is carried out for 3 sets. Spend about 30
seconds of rest between sets.

Adjust the load if it is too easy or heavy (£5 than the
proposed).

Remember the advice on pain: Pain is OK during exer-
cise but should not exceed 5 on a 0-10 scale. Similarly,
increased pain should decrease shortly after the exercise
and overall not be elevated >30 minutes after your workout,
get worse, or increase in the following days.

If you experience increased pain, adjust the load, so light
pain occurs (maximum, 5 on VAS) and then diminishes
immediately after the exercise.
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Sixth Exercise. Attach the middle of the rubber band to a
fixed anchor (handrail at a staircase, radiator piping, or
door hinge) approximately at a height equal to your shoul-
der. Grasp the elastic ends with both hands at the markings
set by the physiotherapist. Stand about 1.5 m away from
where the rubber band is attached.

Stand with your back straight and your shoulders
slightly held back. With straight arms, slowly pull back
so that your hands are moved down to the outside of your
hip. Keep your back straight and shoulders slightly back
during the entire exercise. Use about 2 seconds on the
motion.

Slowly move your hands back to the starting point.
Remember to keep your back straight and shoulders back
slightly during the entire movement—also on the way back.
Use about 2 seconds on the movement back to the starting
point. Stop the movement just before you feel you can relax.
The exercise is performed 20 times.
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The exercise is carried out for 3 sets. Spend about 30
seconds of rest between sets.

Ifthe load is too heavy (you can do 5 repetitions less than
proposed), adjust the load by grasping the rubber band
closer to the ends, and make a new mark at this point (lon-
ger distance between marks).

If the load is too easy (you can do 5 repetitions over the
proposed), adjust the load by grasping the rubber band
closer to where it is attached, and make a new mark at this
point (shorter distance between marks).

Remember the advice on pain: Pain is OK during exer-
cise but should not exceed 5 on a 0-10 scale. Similarly,
increased pain should shortly decrease after the exercise
and overall not be elevated >30 minutes after your workout,
get worse, or increase in the following days.

If you experience increased pain, adjust the load, so light
pain occurs (maximum, 5 on VAS) and then diminishes
immediately after the exercise.

APPENDIX B: PHLE EXERCISE PROGRAM

General Information About the Training

Slow-Controlled Movements. All exercises are to be per-
formed slowly and with controlled movements.

Be careful to keep focus on the quality of the exercise to
achieve the expected effect.

Perform the workout at a time of the day where you can
perform the exercises undisturbed.

Customize the Load to the Planned Number of Repetitions. As
part of the training, you need to continuously adjust the load
in the exercises so that you cannot perform more repetitions
than planned. It is important that you follow the instructions
given by the therapist for the load of the exercises and con-
tinuously adjust the load according to the program.

The physiotherapist will help you find the appropriate
load when seen for the control sessions at the rehabilitation
department.

Pain During Exercise. When you exercise, you may experi-
ence slight increased pain in the shoulder. This is normal
and OK. What you must be aware of is how high the pain is.
That is, if the pain rises >5 on a scale of 0 to 10 (VAS: 0 = no
pain, 10 = worst pain imaginable), it shall not be any higher.
Five on the scale corresponds approximately to a pain that
you can tolerate without feeling that it is directly harmful.

In addition, the pain is expected to decrease to about the
level that it was before the training within a maximum of
30 minutes. Furthermore, the pain must not increase the
days following training.

If pain does not decrease after training or gets worse in the
following days, you should reduce the load of your exercises by
approximately halfand, over 3 to 4 exercise sessions, increase
it toward the planned load again. If this does not help, please
contact the physiotherapist who initially instructed you.

If you take pain medication, the pain may be lower than
normal, but you should follow the same guidelines in terms
of how long the pain may last and worsen from day to day.

Why We Believe This Training Works. The training is believed
to have a positive effect on the muscles called the rotator
cuff. The exercises work by improving the muscle’s ability
to stabilize and coordinate the shoulder joint and reduce
the undesirable joint forces that may come when the joint
is not completely stable and well coordinated. The exercises
are believed to awaken the muscles and make them pro-
gressively stronger and more enduring, so they can work
a entire day without getting overloaded and tired.

The difficulties that you are experiencing in the shoulder
are partly due to one of the tendons of the rotator cuff,
called the supraspinatus tendon, not being as functional
as it used to be—there are signs that the tissue in the ten-
don is worn and needs to be reinforced. In the third and
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fourth exercises, you must gradually train with heavier and
heavier loads over the 12 weeks. The heavy load is expected
to help reinforcement of the tendon by actively stimulating
tissue in the tendon to make it stronger.

In performing the heavy loaded exercises, it is not necessar-
ily how much movement you can perform but, more so, the load
on the muscle that is considered to be important. Therefore, it
may be enough just to perform a small movement and hold
this position static to apply load on the muscle/tendon. But if
possible, you should of course make the whole movement.

The exercise program is to be performed 3 times per week.

First Exercise. Stand with your back in a stooped position.
Now, try to make the distance between your breastbone and
navel longer until you feel that you are standing with your
back straight.

While holding this position, bring your scapulae slowly
together.

The position is maintained for 5 deep breaths (approxi-
mately 15 seconds). Then fully relax and let your shoulders/
back fall forward into the stooped position.

Repeat the exercise 3 times. Spend about 30 seconds of
rest between sets.

If you experience pain, adjust the degree of movement,
so a light pain occurs (maximum, 5 on VAS) and then
diminishes immediately after the exercise.

Second Exercise. Stand with your back straight and scap-
ula (involved side) resting against a wall.

Grasp with your opposite arm the back of your upper
arm/elbow, and move the arm toward the chest so that the
elbow moves closer the opposite shoulder.

Try to keep the elbow at the height of the shoulder, but
adjust in case of pain.

The position is then maintained for 5 deep breaths
(approximately 15 seconds). Then fully relax, and let the
arm slowly fall down along the body.

Repeat the exercise 3 times. Spend about 30 seconds of
rest between sets.

If you experience pain, adjust the degree of movement,
so a light pain occurs (maximum, 5 on VAS) and then
diminishes immediately after the exercise.
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Third Exercise. Stand with your back straight and
shoulders slightly held back (same position as in the first
exercise). Hold the dumbbell in your hand so that the palm
faces slightly forward with the thumb pointing away from
the body.

Lift the dumbbell toward the horizontal plane at an
angle of 45° from the body (midway between flexion and
abduction). Attempt to come up to a height where the arm
is horizontal. Use about 3 to 4 seconds on the movement up.

Remember: In performing the heavy loaded exercises, it
is not how much movement you can perform but, more so,
that you load the muscle with high load, which is impor-
tant. So, it may be enough just to perform strong static
pressure so that the dumbbell is moved only a little and
then held static. But move the weight as far as you can and
of course make the whole movement, if you can.

Next, lower the arm slowly until the arm again is held
down alongside the body. Use about 3 to 4 seconds on the
down movement. Stop the movement just before you relax
completely, and then repeat the exercise again.

The exercise is performed as follows:

15 repetitions in week 1

12 repetitions in weeks 2 + 3

10 repetitions in weeks 4 + 5

8 repetitions in weeks 6 + 7 + 8

6 repetitions in weeks 9 + 10 + 11 + 12

The exercise is carried out for 4 sets. Spend about 30
seconds of rest between sets.

If the load is too easy (you can make 2 repetitions more
than the proposed), increase the load.

Remember the advice on pain: Pain is OK during exer-
cise, but it must not exceed 5 on a 0-10 scale. Similarly, the
increased pain should shortly begin to decrease after the
exercise stops and overall not be elevated >30 minutes after
your workout, get worse, or increase in the following days.

If you experience pain, first adjust the degree of move-
ment so that maximum a light pain occurs (maximum, 5 on
VAS) and then diminishes immediately after the exercise.
If this does not help, adjust the load.

Fourth Exercise. Lie down on your opposite shoulder. Lie
with your back straight (do not curve in the upper part of
your back). Let your legs be slightly bent, so you feel that
you have the balance while lying on the side. Let your upper
arm of the training arm lie down alongside your body, so the
elbow is located between the ribs and hip. The elbow is bent
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90° such that your hand is placed approximately in front of
your navel. The scapula is kept slightly back.

Grasp the dumbbell and lift it slowly up toward the ceil-
ing by making a external rotation in the shoulder. The
movement is made as far as you can or maximally until
your forearm is held in a vertical position. Use about 3 to
4 seconds on the movement up. Keep your elbow at the
same point midway between the ribs and hip throughout
the exercise. You must keep the rest of your body at rest so
that only the arm moves. Keep your scapula slightly back
during the entire movement.

Remember: While performing the heavy loaded exer-
cises, it is not how much movement you can perform but,
more so, that you load the muscle with high load, which
is important. So it may be enough just to perform strong
static pressure so that the dumbbell is moved only a
little and then held static. But move the weight as far
as you can and of course make the whole movement, if
you can.

Next, lower your hand slowly until the dumbbell
approaches the starting point. Use about 3 to 4 seconds
on the movement down. Stop the movement just before
touching the ground and perform the exercise again.

The exercise is performed as follows:

15 repetitions in week 1

12 repetitions in weeks 2 + 3

10 repetitions in weeks 4 + 5

8 repetitions in weeks 6 + 7 + 8

6 repetitions in weeks 9 + 10 + 11 + 12

The exercise is carried out for 4 sets. Spend about 30
seconds of rest between sets.

If the load is too easy (you can make 2 repetitions more
than the proposed), increase the load.

Remember the advice on pain: Pain is OK during exer-
cise, but it must not exceed 5 on a 0-10 scale. Similarly, the
increased pain should shortly begin to decrease after the
exercise stops and overall not be elevated >30 minutes after
your workout, get worse, or increase in the following days.

If you experience pain, first adjust the degree of move-
ment so that maximum a light pain occurs (maximum, 5 on
VAS) and then diminishes immediately after the exercise.
If this does not help, adjust the load.

Fifth Exercise. Lie flat on your back, with your knees bent
approximately 90°. Take the dumbbell in your hand and lift
it toward the ceiling, so the arm is vertical (if necessary, use
your contralateral arm to aid you in placing the dumbbell in
the starting position). Let the shoulder/scapula rest against
the surface.
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Then perform a push with your shoulder/scapula so
that the dumbbell is lifted as high toward the ceiling
as you feel you can, without lifting more than your
shoulder/scapula from the surface. You should not per-
form a rotation in the back. Use about 2 seconds on the
movement up.

Next, gradually lower your shoulder/scapula back to the
starting point (use about 2 seconds). Stop the movement
just before you feel that you can relax. The exercise is per-
formed 20 times.

The exercise is carried out for 3 sets. Spend about 30
seconds of rest between sets.

Adjust the load if it is too easy or heavy (5 than the
proposed).

Remember the advice on pain: Pain is OK during exer-
cise but should not exceed 5 on a 0-10 scale. Similarly,
increased pain should shortly decrease after the exercise
and overall not be elevated >30 minutes after your workout,
get worse, or increase in the following days.

If you experience increased pain, adjust the load, so light
pain occurs (maximum, 5 on VAS) and then diminishes
immediately after the exercise.

Sixth Exercise. Attach the middle of the rubber band to a
fixed anchor (handrail at a staircase, radiator piping, or
door hinge) approximately at a height equal to your shoul-
der. Grasp the elastic ends with both hands at the markings
set by the physiotherapist. Stand about 1.5 m away from
where the rubber band is attached.

Stand with your back straight and your shoulders
slightly held back. With straight arms, slowly pull back
so that your hands are moved down to the outside of
your hip. Keep your back straight and shoulders slightly
back during the entire exercise. Use about 2 seconds on
the motion.

Slowly move your hands back to the starting point.
Remember to keep your back straight and shoulders back
slightly during the entire movement—also on the way back.
Use about 2 seconds on the movement back to the starting
point. Stop the movement just before you feel that you can
relax. The exercise is performed 20 times.

The exercise is carried out for 3 sets. Spend about 30
seconds of rest between sets.

If the load is too heavy (you can do 5 repetitions less than
proposed), adjust the load by grasping the rubber band
closer to the ends, and make a new mark at this point (lon-
ger distance between marks).
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If the load is too easy (you can do 5 repetitions over the
proposed), adjust the load by grasping the rubber band
closer to where it is attached, and make a new mark at this
point (shorter distance between marks).

Remember the advice on pain: Pain is OK during exer-
cise but should not exceed 5 on a 0-10 scale. Similarly,
increased pain should shortly decrease after the exercise
and overall not be elevated >30 minutes after your workout,
get worse, or increase in the following days.

If you experience increased pain, adjust the load, so light
pain occurs (maximum, 5 on VAS) and then diminishes
immediately after the exercise.
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APPENDIX C: MEASUREMENT OF STRENGTH AND RANGE OF MOTION

Maximum Isometric Voluntary Contraction

A dynamometer (IsoForce Dynometer EVO2; Medical
Device Solutions AG) was used to measure maximum iso-
metric voluntary contraction for external rotation, internal
rotation, and scaption. Before measurements, patients
were seated with the back against a wall for support. For
external rotation and internal rotation, the upper arm was
placed vertically in the frontal and sagittal planes, sup-
ported by a foam rubber wedge, and the elbow was flexed
to 90°. For scaption, participants were placed with the arm
straight and shoulder flexed to 45° in the scapular plane.
For all 3 measurements, the dynamometer was placed at
the distal forearm. After a warm-up trial, patients were
instructed to push as hard as they could against the dyna-
mometer for 5 seconds. The mean of 3 approved maximal
contractions was used. A pilot study of the method showed
excellent! interrater reliability (ICC: 0.84-0.92).

Active and Passive ROM

A goniometer (HALO digital goniometer; HALO Medical
Devices) was used to assess active and passive ROM in
external rotation, internal rotation, and scaption. Active
and passive ROM in scaption was assessed with the

participant standing with his or her back tight against a
wall with a small pillow supporting the lumbar spine. The
participant was instructed to keep constant pressure on the
pillow. The participant’s arm was straight and moved in the
scaption plane. The goniometer was placed just proximal to
the elbow in the scapular plane. Patients were instructed to
keep the arm straight while the movement was performed
(active and passive) and to stop when they could not keep
the lumbar spine fixed against the pillow or they reached
the wall with the hand. Internal and external rotation was
performed with the participant in the supine position; the
shoulder was abducted and the elbow flexed to 90° with the
forearm placed vertically. The goniometer was placed just
proximal to the wrist in the sagittal plane. In internal rota-
tion, participants were instructed to keep the scapulae
against the surface during the entire movement. After a
test trial, the mean of 3 measurements was taken. A pilot
study of the method showed excellent! interrater reliability
(intraclass correlation: 0.75-0.96).
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APPENDIX D

TABLE Al
“As Observed” Population: Primary and Secondary Outcomes 12 Weeks After Baseline for PHLE and LLE

Within-Group Change

PHLE LLE Adjusted Between-Group Difference on Change® P Value

DASH

Main® 7.92 (3.46 to 12.38) 8.73 (4.55 to 12.92) -1.19 (-6.88 to 4.51) .68

Hobby? 12.5 (1.85 to 23.15) 13.0 (-2.02 to 28.07) 1.27 (-14.77 to 17.32) .87

Work® 3.7 (-3.32 to 10.76) 3.9 (-1.51 to 9.40) -3.75 (-1.95 to 3.45) .30
VAS

Rest 1.95 (-2.75 to 6.65) 1.18 (-194 to 4.31) -1.33 (-5.93 to 3.27) .57

Activity 14.00 (7.05 to 20.95) 16.32 (10.49 to 22.15) —2.65 (-1.34 to 5.05) .50

Night 15.80 (7.36 to 24.23) 18.25 (10.58 to 25.92) —4.37 (-13.61 to 4.87) .35

Maximum 19.03 (9.92 to 28.13) 19.86 (12.69 to 27.04) —.81 (-12.31 to 1.70) .89

(continued)
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TABLE A1l (continued)

Within-Group Change

PHLE

LLE

Adjusted Between-Group Difference on Change®

P Value

Isometric strength, N/BW#?

Scaption
External rotation
Internal rotation
Passive ROM?
Scaption
External rotation
Internal rotation
Active ROM?
Scaption
External rotation
Internal rotation

0.09 (0.05 to 0.11)
0.04 (0.02 to 0.06)
0.08 (0.05 to 0.12)

3.61 (-1.18 to 8.40)
4.87 (0.43 to 9.32)
—0.13 (-3.33 to 3.08)

9.38 (2.83 to 15.92)
6.84 (1.46 to 12.22)
2.14 (-1.50 to 5.77)

0.08 (0.03 to 0.12)
0.04 (0.02 to 0.06)
0.08 (0.06 to 0.11)

4.47 (0.73 to 8.21)
5.73 (0.01 to 11.44)
—0.14 (—4.19 to 3.92)

4.05 (-1.04 to 9.15)
6.06 (—0.62 to 12.75)
0.71 (-3.05 to 4.48)

0.01 (-0.05 to 0.08)
0.00 (-0.02 to 0.03)
0.00 (-0.05 to 0.04)

—2.11 (-7.62 to 3.41)
—0.71 (-7.79 to 6.37)
1.17 (-3.70 to 6.04)

.95 (-6.11 to 8.02)
.83 (—6.82 to 8.47)
2.35 (-2.44 to 7.15)

71
.76
.92

.45
.84
.63

.79
.83
.33

“Values are presented as mean (95% CI). BW, body weight (kg); DASH, Disabilities of the Arm, Shoulder, and Hand (range, 0-100); LLE,
low-load exercise; N, newton; PHLE, progressive high-load exercise; ROM, range of motion; VAS, visual analog scale (range, 0-100).
bAdjusted for baseline value, location (3 centers), corticosteroid (yes/no).
‘n = 93 (LLE = 49, PHLE = 44).
9n = 51 (LLE = 24, PHLE = 27).
‘n = 75 (LLE = 38, PHLE = 37).
'n = 83 (LLE = 44, PHLE = 39).
n = 81 (LLE = 44, PHLE = 37).

“Per Protocol” Population: Primary and Secondary Outcomes 12 Weeks After Baseline for PHLE and LLE“

TABLE A2

Within-Group Change

Outcome PHLE LLE Adjusted Between-Group Difference on Change® P Value
DASH

Main® 12.59 (7.78 to 17.40) 11.97 (7.53 to 16.41) —0.14 (-6.20 to 5.92) .96

Hobbyd 11.84 (1.71 to 21.98) 12.17 (—4.19 to 28.53) 1.54 (-17.29 to 20.37) .68

Work® 4.5 (-1.39 to 10.39) 6.94 (0.36 to 13.53 -2.68 (-9.51 to 4.14) .75
VAS*¢

Rest 4.68 (-0.52 to 9.88) 1.61 (—2.08 to 5.30) —0.09 (-5.02 to 4.84)

Activity 17.89 (9.48 to 26.30) 15.19 (8.80 to 21.58) 0.74 (-8.20 to 9.67) .87

Night 19.82 (8.42 to 31.22) 15.35 (7.51 to 23.20) 1.51 (-9.79 to 12.80) .79

Maximum 20.43 (8.44 to 32. 42) 17.84 (10.28 to 25.40) 0.81 (-13.47 to 15.09) 91
Isometric strength, N/BW'

Scaption 0.09 (0.03 to 0.16) 0.08 (0.03 to 0.14) 0.00 (-0.08 to 0.08) .99

External rotation 0.05 (0.02 to 0.07) 0.05 (0.03 to 0.08) 0.00 (-0.03 to 0.03) .92

Internal rotation 0.09 (0.04 to 0.13) 0.09 (0.06 to 0.13) —0.01 (-0.07 to 0.05) .73
Passive ROM'

Scaption 5.01 (-1.20 to 11.23) 6.12 (1.48 to 10.76) -3.47 (-10.96 to 4.03) .36

External rotation 3.78 (-1.81 to 9.36) 4.30 (-2.97 to 11.58) -3.56 (-12.66 to 5.54) .44

Internal rotation 0.43 (-3.45 to 4.32) 0.33 (-3.01 to 3.68) 0.41 (-3.96 to 4.78) .85
Active ROM”

Scaption 11.51 (2.99 to 20.02) 7.79 (2.45 to 13.12) -3.00 (-=11.20 to 5.20) 47

External rotation 8.00 (1.21 to 14.80) 4.12 (—4.60 to 12.83) 0.14 (-10.17 to 10.45) .98

Internal rotation 2.67 (-2.18 to 7.51) 0.91 (-2.21 to 4.04) 1.82 (-3.05 to 6.69) .46

“Values are presented as mean (95% CI). BW, body weight (kg); DASH, Disabilities of the Arm, Shoulder, and Hand (range, 0-100); LLE,
low-load exercise; N, newton; PHLE, progressive high-load exercise; ROM, range of motion; VAS, visual analog scale (range, 0-100).
bAdjusted for baseline value, location (categorical: 3 centers), corticosteroid (yes/no).
‘n = 59 (LLE = 31, PHLE = 28).
9n = 38 (LLE = 19, PHLE = 19).
‘n = 52 (LLE = 27, PHLE = 25).
'n = 58 (LLE = 31, PHLE = 27).
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APPENDIX E: DEVIATIONS FROM PROTOCOL

The following deviations from the protocol to the RoCTEx
trial’ were made.

Participants, Settings, and Locations

To obtain an acceptable number of participants before the
prespecified deadline for final inclusion, the inclusion cri-
terion on maximum age was increased from <60 to <65
years, and recruitment from outside the secondary sector
was added.

Outcomes

In the trial protocol, the Shoulder injury and Osteoarthritis
Outcome Score (scores = 0-100, 100 = no problems)? was
listed as a secondary outcome. However, the Shoulder
injury and Osteoarthritis Outcome Score was not finally

developed and validated in time to be included in the pre-
sent publication. Evaluation for ultrasound changes was
assessed through dichotomized variables because the
method for grading structural changes on ordinal scales
was not finally developed and tested at the time of initial
inclusion of patients.
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