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ABSTRACT

Background: A home exercise program (HEP) is integral in the management of rotator cuff
related shoulder pain (RCRSP). There are many methods of measuring HEP adherence and
many possible interventions to promote HEP adherence. Understanding the adherence rates
to HEP and the strategies used to promote HEP adherence is important in order to interpret
the existing evidence for the use of HEP in the management of RCRSP.

Objectives: To report and synthesize home exercise adherence and strategies to promote
home exercise adherence in order to understand the limitations of the current evidence
base and make recommendations for clinical practice and future research investigating HEPs
in the management of RCRSP.

Methods: An electronic search of EMBASE, MEDLINE, PubMed, CINAHL, AMED, and CENTRAL
was undertaken. Methodological quality was assessed using the Cochrane RoB 2.0, and BC
techniques were coded in accordance with the BC technique taxonomy (version 1).

Results: Seventeen RCTs were retrieved. Forty-seven percent described a formal method of
measuring HEP adherence and 29% described adherence rates. The included studies
described between three and seventeen BC techniques and the mean number of BC techni-
ques per study was 5.8. Twelve percent of the studies described offering patients an explan-
ation of how the exercise program might help their symptoms resolve.

Conclusions: Poor reporting of adherence and the underutilisation of BC interventions to
promote HEP adherence was prevalent. Recommendations for clinicians and researchers
include more widespread use and definitive reporting of BC techniques to promote adher-
ence, and the use of objective, patient self-reported, and clinician-assessed measures of
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adherence when prescribing HEPs.

Introduction

Advice, education and exercise are the main manage-
ment strategies for rotator cuff related shoulder pain
(RCRSP) (1, 2), and exercise may either be supervised in
the clinic, given as a home exercise program (HEP), or
both. HEPs promote self-management and may facili-
tate more regular exercise participation, for longer dura-
tions, which may translate to better outcomes. The
effectiveness of HEPs are dependent upon patient
adherence (3, 4), however there are significant chal-
lenges for patients in adopting HEPs, and for clinicians
in measuring and improving HEP adherence.

The problem of adherence

Adherence to physiotherapist-prescribed HEPs has
been shown to be an important predictor of

treatment outcome (3, 4); despite this, research
reports that 50-70% of patients are either non-
adherent or partially adherent to their HEP (4, 5).
Poor treatment adherence is a concern across many
healthcare disciplines and not just physiotherapy
(6). Non-adherence to medical interventions results
in poorer outcomes, avoidable morbidity and wasted
resources (7).

There is a strong evidence base reporting the effi-
cacy of therapeutic exercise in the management of
RCRSP (8), and a growing number of systematic
reviews recommend its use (9, 10). It is difficult,
however, to make recommendations regarding indi-
vidual care, based on the evidence from systematic
reviews, if measures of adherence are not assimi-
lated into the risk of bias evaluation. Many of the
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systematic reviews reporting on the use of exercise
in the management of RCRSP have used risk of bias
tools that do mnot incorporate a measure of
‘adherence to the intervention’ as part of the risk of
bias evaluation. For example, Kelly et al. (11), Bury
et al. (12), Haik et al. (11) used the PEDro tool;
Littlewood et al. (13), Dong et al. (14), Steuri et al.
(9), Gutierrez-Espinoza et al. (15) used the original
Cochrane tool, and Abdulla et al. (16) used the
Scottish Intercollegiate Guidelines Network criteria.
These tools evaluate attrition (loss to follow-up) but
not adherence to the intervention. Knowing the
effect of assigning an individual to an intervention
(the intention-to-treat effect) will aid decision mak-
ing at a population level, but to inform individual
decision-making, it is important to know how well
the intervention was adopted (17). The ‘effect of
adhering’ to the intervention is most useful to help
clinicians inform individual care decisions. In order
to understand how effective an intervention is at
reducing pain and disability, it is important to
understand how well it has been adopted.

Promoting exercise adherence

Health behavior has been defined as, ‘any activity
undertaken for the purpose of preventing or detect-
ing disease or for improving health and wellbeing’
(18). Adopting a home exercise program to promote
recovery from shoulder pain and disability, there-
fore, can be considered a health behavior and strat-
egies to promote adherence may be informed by
behavior change theory. Guidelines for the develop-
ment of complex interventions recommend that
interventions ’should be informed by theory’ (19,
p-2). Theories ‘are used to understand phenomena,
guide observations and develop intervention” (20,
p-359). Without the use of theory in the develop-
ment of intervention ‘outcomes would be largely
driven by chance rather than method” (21). Despite
this, the practice of developing educational and
behavior change interventions without the use of an
explicit theoretical framework seems to be wide-
spread throughout the healthcare literature (22).

Behavior change technique taxonomy (v1)

The Behavior Change (BC) Technique Taxonomy
(Version 1) was developed to firstly, promote clearer
description and replication of BC interventions, and
secondly to use this taxonomy to better understand
which BC techniques are more effective at influenc-
ing behavior (23). The BC Technique Taxonomy
(v1) describes 93 consensually agreed and distinct
BC techniques that may be used to facilitate BC
(23). According to the taxonomy a BC technique is

‘an irreducible component of an intervention
designed to alter or redirect causal processes that
regulate behavior’ (23, p.82). BC interventions are
composed of any number of carefully selected BC
techniques that target the desired behavior. Each BC
technique is thoroughly described within the tax-
onomy and this description enables researchers to
identify which BC techniques were used in a BC
intervention.

The evidence to support the use of BC techniques
for enhancing exercise adherence is growing. Meade
et al. (24) reports that the utilization of BC techni-
ques improved adherence to prescribed exercise in
individuals with persistent musculoskeletal pain.
They reported that studies employing more than
seven BC techniques, in addition to those included
in the control group, were most effective at improv-
ing adherence. Willett et al. (25) reported that the
BC techniques; ’behavioral contract’, 'non-specific
reward’, ’patient-led goal setting’ (behavior), ’self-
monitoring of behavior’, and ’social support
(unspecified) demonstrated the highest effectiveness
ratios in promoting physical activity adherence in
individuals with lower limb osteoarthritis.

By understanding what BC techniques have and
have not been used in clinical trials for RCRSP, it
may be possible to develop more comprehensive BC
interventions, which may promote greater HEP
adherence and improve outcomes.

Aims and objectives

Understanding home exercise adherence is import-
ant in order to understand and interpret the results
of published randomized controlled trials (RCTs)
investigating the use of exercise in the management
of RCRSP. The aim of this systematic review is to
report and synthesize home exercise adherence and
strategies to promote home exercise adherence in
order to understand the limitations of the current
evidence base and make recommendations for clin-
ical practice and future research investigating home
exercise in the management of RCRSP.
Objectives

1. To describe the recorded and reported adher-
ence rates to HEPs in RCTs.

2. To describe and synthesis the strategies to pro-
mote HEP adherence in terms of BC techniques
using the BC Technique Taxonomy (V1) used
to promote HEP adherence in the management
of RCRSP.

3. Provide recommendations for clinicians and
researchers to improve strategies to record exer-
cise adherence, and promote adherence through
the use of BC interventions.



Methods
Protocol and registration

The objectives and methodology were specified in
advance and registered on the PROSPERO database:
PROSPERO 2019 CRD42019121358. https://www.
crd.york.ac.uk/prospero/display_record.
php?RecordID=121358

Information sources

Studies were identified by searching six electronic
databases: EMBASE, MEDLINE, PubMed, CINAHL,
AMED, and Cochrane Central Register of
Controlled Trials (CENTRAL). Searches were
restricted to publications in English language. The
original search was restricted to trials published
between, January 1st 1990 and October 31st 2018.
An additional search was performed on 7 January
2020 to include publications up to that date. Free
text and thesaurus searches were performed in all
databases where possible. In addition, the reference
section of relevant systematic reviews (9-11, 13, 14,
16, 26-30) and included RCTs were searched off-
line for additional trials.

Search strategy

The following terms were used: rotator cuff related
shoulder pain, RCRSP, subacromial, SAPS, rotator
cuff, shoulder impingement syndrome, rotator cuff
injuries, tendon injuries, painful arc, exercise,
strength, training, loading, stretch, endurance, phys-
ical, muscle, motor, scapular, proprioceptive,
therap®, remedial, randomised OR randomized con-
trolled trial or RCT. MeSH descriptors and Boolean
operators were used to refine the search. The
detailed search strategy (EMBASE) is included in
Appendix A.

Eligibility criteria

Study design

Published, peer-reviewed RCTs with a minimum
mean number of 30 participants in each arm. Pilot
searching identified many very small RCTs from
which it was not possible to draw clinically or statis-
tically meaningful conclusions due to the insufficient
sample size. As such only published, peer-reviewed
RCTs with a minimum sample size of 30 were
selected. A sample size of 30 or more was chosen as
this has been described as the sample size at which
independent random variables become normally dis-
tributed (central limit theorem), allowing probabilis-
tic and statistical methods that work for normal
distributions to be applied to the data (31) and, as a
result, is often quoted as a generic minimum sample
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size for RCTs
were excluded.

(32). All other study designs

Participants

Adults aged over 18-years with a presentation con-
sistent with RCRSP of more than 3 months duration.
RCTs that included patients with a non-specific
diagnosis, clinically identifiable massive full thick-
ness rotator cuff tears, adhesive capsulitis, calcific
tendonitis, osteoarthritis, or who had a history of
fracture or dislocation, infection, neoplasm, and
inflammatory disorders were excluded.

Interventions

The primary intervention of interest was HEP for
people with RCRSP. Only studies delivering thera-
peutic HEPs were included in the analysis.
Therapeutic exercise was defined by Abdulla et al.
(16, p.2) as; ‘any series of movements with the aim
of training or developing the body or as physical
training to promote good physical health’. HEP may
include resisted movements of the shoulder, passive
movements, assisted or active assisted, propriocep-
tive exercise, stretching and aerobic exercise. Studies
were included if one intervention arm fitted these
criteria, even if the comparator arm included passive
or surgical interventions. Studies where a HEP was
delivered as part of a multimodal treatment package
were also included.

Condition being studied - rotator cuff related
shoulder pain (RCRSP)

The term RCRSP was introduced by Lewis (33) as
an umbrella term to include conditions previously
referred to as rotator cuff tendinopathy, shoulder
impingement and subacromial pain syndrome.
When other causes are considered unlikely, RCRSP
typically involves the experience of pain and move-
ment impairment during elevation and external
rotation (33). Studies excluded if they
described a population with a non-specific diagnosis
such as ‘shoulder pain’.

were

Outcome. The outcome for BC interventions is the
degree to which the behaviour is adopted. This
review is not intending to describe functional out-
come in terms of pain and disability. For this reason
the outcome described in this review is the level of
adherence to the prescribed HEP.

Study selection

Titles and abstracts were retrieved using the search
strategy, and duplicates removed. The titles and
abstract were reviewed by two reviewers (KH and
CM) and included for full text review based on the
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Additional records identified
through other hand searching

Records excluded
(N=1011and (n =96)

Records excluded
(N=93)and (n=19)

Full-text articles excluded

(N=49)and (n=5):
Diagnosis =13 (2)
<3 months duration = 16 (0)
Other study design =9 (1)

No home exercise Rx = 8 (1)
<(n=30)=4(1)

Figure 1. PRISMA Flow Diagram (from Moher et al. (34)).

(N = original search 31st October 2018, n = second search 7th January 2020)

inclusion and exclusion criteria. At each stage dis-
agreement between the reviewers was resolved
through consensus. A third reviewer (CR) was avail-
able if discussion was insufficient to reconcile any
uncertainties. The full text of the remaining papers
was retrieved and reviewed by the same two
reviewers, who independently selected trials for
inclusion. Reasons for exclusion at each stage were
recorded (see PRISMA flow diagram, Figure 1).

Data collection process

A standardized, pre-piloted form was used to extract
data relating to study characteristics from the
included studies. Data were extracted independently
by two researchers (KH and AG) and agreement
was reached through consensus. A third author was

)
Records identified through database searching
EMBASE: N=616, n=104
g Medline: N=267, n=22 X
=] CINAHL: N=155, n=18 reference lists
S AHMED: N=358, n=32 (N=5)(n=0)
= PubMed: N=514, n=38
5 Cochrane Database of RCTs: N=200, n=18
)
—
v \4
)
Records after duplicates removed
(N =1066) and (n = 120) titles screened
)
=
c
)
)
£
9
n
Abstract screened | »
(N =155) and (n = 26)
-
T
>
£
= Full-text articles assessed
o for eligibility
w
(N=62)and (n=7) \
-
T
° v
3
= Studies included in
= qualitative synthesis
(N=15)and (n=2)
—

available if consensus could not be reached (CR).
Study characteristics relating to HEP participation
and the measurement of HEP adherence were
extracted from the manuscript (Table 1). Methods
used for measuring adherence, reported level of
adherence, how authors defined adherence or com-
pliance and any target adherence rate were recorded
(Table 1).

Data extraction and coding of BC techniques
were performed in accordance with the BC
Technique Taxonomy (Version 1) methodology
training (http://www.bct-taxonomy.com) (23). This
formal online training was completed by two
authors (KH and AG) in order to standardize the
data extraction and coding of BC interventions. The
text describing strategies used within the RCTs to
promote adherence to HEP was extracted
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independently by 2 authors (KH and AG), from the
intervention descriptions in all published material
relating to the study, including protocols, supple-
mentary files and appendices. All strategies used by
the study authors in an effort to improve adherence
to the HEPs were coded. BC techniques were coded
when there was clear evidence of their inclusion in
the description of interventions. For a BC technique
to be coded as present both reviewers needed to
agree it was present in the intervention or the con-
trol arm or both.

Risk of bias in individual studies

Two reviewers (KH and CM) independently assessed
the risk of bias of each included study using the
Cochrane Risk of Bias tool (RoB 2.0). This evaluation
was conducted according to the RoB 2.0 handbook
for RCTs (52). In the RoB 2.0 tool (17) there are two
options for the evaluation of bias due to deviations
from the intended interventions: reviewers may
evaluate the effect of adhering to the interventions as
specified in the trial protocol (‘per protocol effect’) or
the effect of assignment to the interventions at base-
line, regardless of whether the interventions are
received or adhered (‘as assigned effect’). The ‘per
protocol effect’, of adhering to the interventions as
described in the protocol, is most appropriate to
inform an individual care decision for patients and
clinicians (17). Evaluation of risk of bias within this
domain provides an understanding of the measure-
ment and reporting of adherence to HEPs in clinical
trials of physiotherapy interventions (52).

Strategy for data synthesis

The following data was synthesized from the
included studies and presented qualitatively, and
with descriptive statistics:

1. Parameters used to define adherence, methods
used to measure HEP adherence and reported
adherence rates.

2. Interventions used to promote HEP adherence
defined in terms of the BC Technique
Taxonomy (Version 1) (23).

Results
Study selection

A total of 2110 studies were identified through the
search strategies in October 2018; after duplicates
were removed, 1066 remained. Following title
review, 1011 publications were excluded. One hun-
dred and fifty five abstracts were reviewed, resulting
in the review of 62 full text publications. Fifteen of

Table 2. Agreement between reviewers for inclusion and
risk of bias evaluation.

% Agreement Kappa

Initial search title 96 0.93
Initial search abstracts 95 0.90
Initial search full text 76 0.52
2° search titles 89 0.78
2° search abstracts 86 0.72
2° search full text 100 1.0

RoB agreement 91 0.87

these studies met all inclusion criteria (35-38,
41-51). An updated search using the same strategy
and databases was performed on 7™ January 2020.
This search identified 232 studies; after duplicates
were removed 120 studies remained. Ninety-four
were excluded at title review, and 26 abstracts were
reviewed, resulting in the review of seven full text
publications. Two additional papers were identified
for inclusion (39, 40). The total number of papers
included in the full review was 17. Full summary of
the stages of study selection are detailed in Figure 1,
PRISMA flow diagram. The percentage agreement
and Kappa values between reviewers for study inclu-
sion at each stage, and the RoB evaluation is
detailed in Table 2.

Risk of bias within studies

The RoB 2.0 evaluation for each study is represented
in Table 3. Of the 17 studies evaluated, 2 (12%) were
assessed as having a low RoB (35, 44). Ten studies
(58%) (36, 38, 40, 41, 45, 46, 48-51) were deemed to
have a high RoB in two or more domains (see Table
3). The most common domain ascribed a high risk of
bias was, ‘Risk of bias due to deviations from intended
interventions (effect of adhering to interventions)’, and
was due to poor adherence or unknown adherence.
Twelve (71%) of the 17 studies did not mention
adherence rates to prescribed HEP, despite HEP com-
prising the major component of the exercise-based
intervention (36-41, 45, 46, 48-50). Two (12%) studies
reported completion rates for measures of adherence
(exercise diaries) of <40% (42, 47) and two (12%)
study reported adherence rates of >80% (35, 43) (see
Table 1).

The second most common cause of bias was in
the domain ‘measurement of the outcome’, where
nine (53%) studies were classified as high risk of bias
(36, 38, 41, 45, 46, 48-51). The main reason for clas-
sification of high RoB in these studies was partici-
pants’ knowledge of the intervention group and the
use of patient reported outcome measures (PROMs).

Describing adherence to the home
exercise programs

The tabulated results of the evaluation of adherence
in the included studies are described in Table 1. Of



Table 3. Risk of Bias (RoB) 2.0 tabulated results for each included study and each domain.
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Deviations from Missing Measurement
Randomization intended outcome of the Selection of
process interventions data outcome reported result Overall RoB
Bennell et al. (35) Low Low Low Low Low Low
Brox et al. (36) Some Concerns High High High Some Concerns High
Crawshaw et al. (37) Low High Some Concerns Some Concerns Low High
Dickens et al. (38) Low High Low High Some Concerns High
Elsodany et al. (39) Some Concerns High Low Low Some Concerns High
Guitierrez-Espinoza et al. (40) Low High High Some Concerns Low High
Haahr et al. (41) Low High Low High Some Concerns High
Heron et al. (42) Low High Some Concerns Low Low High
Holmgren et al. (43) Low Some Concerns Low Low Low Some Concerns
Ingwerson et al. (44) Low Low Low Low Low Low
Ketola et al. (45) Low High Low High Some Concerns High
Kukkonen et al. (46) Low High Low High Low High
Littlewood et al. (47) Low High Some Concerns Some Concerns Low High
Maenhout et al. (48) Some Concerns High High High Low High
Nejati et al. (49) Some Concerns High High High Low High
Paavola et al. (50) High High Low High Low High
Seven et al. (51) Low High High High Some Concerns High
Percentage Low RoB 71 12 53 29 65 12
Percentage High RoB 6 82 29 53 0 82
Percentage ‘some concerns’ 23 6 18 18 35 6

RoB =Risk of Bias.

the 17 studies, eight (47%) described a formal
method of measuring adherence; in seven studies
(41%) this was an exercise diary (35, 36, 42-44, 47,
48) and in one study it was a weekly review of
adherence with their physiotherapist (40). Of the
eight studies reporting that adherence was meas-
ured, five (29%) studies described the reported
adherence rates to the prescribed HEP (35, 42-44,
47). Four (24%) of the studies that measured adher-
ence defined which parameters of adherence were
measured. These parameters were; ‘completed home
exercise sessions’ (35), ‘days missed’ (43), ‘number
of sets and repetitions per set for every training ses-
sion’ (44) and ‘percentage adherent’ (47).

Two (12%) studies described a target adherence;
Holmgren et al. (43) described <18% of days missed
(unclear if this was based on post hoc analysis) and
Ingwerson et al. (44) more than 80% (pre-specified
in the protocol). Completion rate of the exercise
diary was reported in 4 (24%) studies and showed
considerable variability. Completion rates ranged
from 91% of participants (35), to 88-89% (43), 30-
35% (42), and 29% (47).

In addition to diary completion rates, adherence
to the exercise program was described in three of
these studies: Bennell et al. (35) reported 82%
adherence (group average), Holmgren et al. (43)
reported 88 and 89% adherence for the two arms,
and Littlewood et al. (47) reported 20-100% adher-
ence (individual range of adherence in the ‘self
managed’ arm of the trial only). In addition,
Ingwerson et al. (44) described 57% and 61% (two
arms) of patients achieving the target adherence of
80%. A sensitivity analysis based on target adher-
ence was performed in 1 study (44).

There was no report of adherence rates, target
adherence, completion of adherence measures, or

evidence of adherence to a HEP having being
recorded in any of the five studies comparing surgi-
cal intervention with exercise (36, 41, 45, 46, 50).

Describing the use of behavior
change techniques

There were 17 different BC techniques described
across all publications, trial registrations, protocols,
appendices and supplementary data of the included
studies. The details of extracted BC techniques can
be found in Tables 4 and 5 and Appendix B. The
included studies described between three and 15 BC
techniques; the mean number per study was 5.8.
The most commonly used BC techniques were
‘instruction on how to perform the behavior (16
studies, 94%) (35-39, 41-51), ‘demonstration of the
behavior’ (15 studies, 88%) (35-39, 41-49, 51),
‘behavioral practice and rehearsal’ (15 studies, 88%)
(35-39, 41-49, 51), and ‘goal setting (behavior)’ (14
studies, 88%) (35, 36, 38-40, 42-45, 47-51). The
number of BC techniques used in each study varied
greatly, for example Littlewood et al. (47) described
the use of 15 BC techniques, Bennell et al. (35)
described 9 BC techniques, and five studies
described using three BC techniques (37, 40, 41, 46,
50). Only one study reported a theoretical frame-
work underpinning the design of adherence inter-
ventions (47). A full description of the BC
technique coding for each study is detailed in
Appendix B.

Discussion

The results of this review will be discussed with a
particular focus on the importance of understanding
the impact of adherence on research findings, and
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Table 4. Behavior change techniques used in each study.

Publication

BCTTv1 code

Bennell et al. (35, 53)

Brox et al. (36, 54) and Bohmer et al. (55)

Crawshaw et al. (37) (and online appendix)

Dickens et al. (38)

Elsodany et al. (39)

Guitierrez-Espinoza et al. (40)

Haahr et al. (41) and Haahr and Anderson (56)

Heron et al. (42) and appendix

Holmgren et al. (43) and appendix and Hallgren et al. (57)

Ingwerson et al. (44) and Appendix A and B and
Ingwerson et al. (58) (protocol)

Ketola et al. (45)

Kukkonen et al. (46, 59)

Littlewood et al. (47) and Littlewood et al. (60) (protocol)
and Littlewood et al. (61) (protocol)

Maenhout et al. (48)

Nejati et al. (49)

Paavola et al. (50) and Paavola et al. (62) and appendix | and Il

Severn et al. (51)

1.1, 1.4, 2.1, 2.3, 3.1, 4.1, 6.1, 8.1, 12.5(9 BCTs)
1.1, 1.4, 2.3, 4.1, 6.1, 8.1, 12.5(7 BCTs)

4.1, 6.1, 8.1(3 BCTs)

1.1, 4.1, 6.1, 8.1, 12.5(5 BCTs)

1.1, 4.1, 6.1, 8.1, 12.5(5 BCTs)

1.1, 1.4, 2.1(3 BCTs)

4.1, 6.1, 8.1(3 BCTs)

1.1, 14,23, 4.1, 6.1, 8.1, 12.5. (7 BCTs)

1.1, 1.4, 2.3, 4.1, 6.1, 8.1, 12.5(7 BCTs)

1.1, 1.4, 2.3, 41, 5.1, 6.1, 8.1. (7 BCTs)

1.1, 1.4, 4.1, 6.1, 8.1, 12.5(6 BCT’s)
4.1, 6.1, 8.1. (3 BCTs)
1.1,1.2,13,14, 17,23, 3.1, 33, 4.1, 5.1, 6.1, 8.1, 9.1, 125, 13.2 (15 BCTs)

1.1, 1.4, 2.3, 4.1, 6.1, 8.1, 12.5(7 BCTs)
1.1, 1.4, 4.1, 6.1, 8.1.(5 BCTs)

1.1, 1.4, 4.1(3 BCTs)

1.1, 4.1, 6.1, 8.1(4 BCTs)

Table 5. Frequency of use of behavior change techniques.

Behavior Change technique BCTTv1 Code Frequency (in 17 studies)
Goal Setting (behavior) 1.1 14
Problem solving 1.2 1
Goal Setting (outcome) 1.3 1
Action planning 14 1
Review outcome goal(s) 1.7 1
Monitoring of behavior by others without feedback 2.1 2
Self-monitoring of the behavior 2.3 7
Self-monitoring of outcome of outcome(s) of behavior 24 1
Social support (Unspecified) 3.1 2
Social support emotional 33 1
Instruction on how to perform the behavior 4.1 16
Information about Health Consequences 5.1 2
Demonstration of the behavior 6.1 15
Behavioral practice and rehearsal 8.1 15
Credible source 9.1 1
Adding objects to the environment 12.5 9
Framing / reframing 13.2 1

to what extent BC interventions have been used to
promote HEP adherence in the existing RCTs.
Recommendations for clinicians and researchers will
be made in an attempt to improve strategies to
measure and record exercise adherence, and pro-
mote adherence through the use of BC interven-
tions, to ultimately improve clinical outcomes
(Table 6).

Risk of bias analysis

The most common cause of bias in the included
studies was due to deviation from intended inter-
ventions (effect of adhering to interventions), 14
(82%) of included studies were deemed to be at
high risk of bias in this domain, either due to failure
to report adherence (12 studies, 71%) (36-41, 45,
46, 48-50) or the reporting of low completion rates
of adherence diaries (2 studies, 12%) (42, 47).

Only five (29%) studies reported adherence rates
to their HEPs. Of these Littlewood et al. (47) only
recorded adherence data in one arm of the study
and only 29% of diaries were completed in this arm.

Heron et al. (42) reported diary completion rates of
30-35%. Diary completion and exercise adherence,
however, are not the same, it is not possible to com-
ment on adherence in these studies if 65-71% of the
data is missing. Only two studies (12%) provided
robust adherence data: Holmgren et a. (43) reported
88-89% diary completion with 86-87% adherence;
and Bennell et al. (35) reported 93% diary comple-
tion with 82% adherence. Without robust measure-
ment and reporting of exercise adherence it is not
possible for researchers to retrospectively evaluate
the impact of BC interventions on
cise adherence.

By reporting only functional outcomes, the effect-
iveness of a BC intervention is confounded with the
effectiveness of the exercise program; for example a
less effective exercise program with greater adher-

€xer-

ence, or a more effective exercise program with
lower adherence may achieve the same clinical out-
comes. BC interventions target a behavior (exercise
adherence); the effectiveness of a BC intervention,
therefore, should be measured with exercise adher-
ence outcome rather than a functional outcome.
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Table 6. Recommendations for Clinicians and researchers.

Group

Recommendations

Researchers and clinicians 1.

Use a combination of objective, patient self-reported and clinician assessed measures of adherence when
prescribing HEPs.
Careful consideration of the role of educational interventions, with clarity regarding the purpose of the

Consideration of the use of a wider variety of BC techniques to promote adherence with HEP.
Consideration of the parameters of HEP adherence (for example completed sets, days exercised, days

2.
educational intervention and how it might influence the target behavior.
3.
4.
fatigue reached).
Researchers 1. Define the target adherence for HEP in the study protocol.

2. Define the parameters of exercise adherence in the study protocol (for example completed sets, days exercised,

days fatigue reached).

P w

Explicit reporting of BC interventions

Use sensitivity analysis of adherence rates to provide an understanding of the impact of adherence on outcome.

5. It is strongly recommended that when HEP is compared with an intervention that is more invasive, more costly
and less safe, the level of adherence in both arms of the study is recorded and reported with equal rigor.

Without reporting adherence, it is not possible to
know which of these effects is being observed in 14/
17 (84%) of the included studies.

Eight (47%) studies reported using a formal
measure of exercise adherence, and an exercise diary
was the only method used in seven (41%) of these
studies (35, 36, 42-44, 47, 48). A self-reported, sub-
jective measure of adherence, such as an exercise
diary, is likely to over- or under-estimate the
patient’s true adherence (63). In an attempt to
increase the validity of measuring exercise adher-
ence, WHO (63) recommended, ‘a multi-method
approach combining self-reporting and objective
measures. There are many patient and clinician
reported measures of exercise adherence, such as the
Hopkins rehabilitation engagement rating scale (64)
or the exercise adherence rating scale (65). The psy-
chometric properties of these outcome measures are
unknown and a valid and reliable measurement tool
of exercise adherence is still lacking. Recent system-
atic reviews evaluating measures of adherence with
exercise have concluded that, ‘current measures of
exercise adherence for musculoskeletal populations
are of poor quality’ (66, p.426). Bollen et al. (67,
p.3) stated ‘this is an absurd and messy situation for
appraising the benefits of unsupervised home-based
exercise rehabilitation’. Until measures for recording
adherence exist that have proven validity and reli-
ability, it is recommended that researchers triangu-
late data from a combination of objective, patient
self-reported and clinician-assessed measures of
adherence in RCTs when recording and describing
HEP adherence (Table 6). It is recommended that
clinicians consider patient self-reported and clin-
ician-assessed measures of HEP adherence in add-
ition to exercise diaries when assessing HEP
adherence in the clinic.

All seven studies comparing HEP interventions
with more invasive forms of treatment, such as sur-
gery, prolotherapy injections or platelet rich plasma
(PRP) injections, failed to report adherence to the
exercise arm (36, 41, 45, 46, 49-51). The authors

were able to accurately describe adherence with the
surgical treatment, and define exactly the number of
PRP or prolotherapy injections received by patients,
but did not report any aspect of adherence with the
exercise component of treatment, or describe any
attempt to measure and record adherence to exer-
cise. The direction of this bias favors the surgical
comparator. It is strongly recommended that when
researchers conduct RCTs comparing exercise inter-
ventions with more invasive, costlier and less safe
interventions, researchers record and report the level
of adherence in both arms of the study with equal
rigor (Table 6). It is not possible to understand the
effectiveness of an exercise intervention if it is not
known how well it was implemented or adopted.
Interpreting the outcomes of these seven studies
should reflect this lack of clarity regarding adher-
ence to the exercise interventions.

Although there are many parameters or aspects
of exercise adherence that may be measured, exer-
cise frequency was the only parameter used to meas-
ure exercise adherence in the 17 included studies.
Following their systematic review on measures of
exercise adherence, McClean et al. (66, p.436) con-
cluded that, ‘the conceptual underpinnings of what
should be assessed, by whom, when and in what
context are poorly considered’. Frost et al. (68,
p.1242) have defined HEP adherence as, ‘the extent
to which individuals undertake prescribed behavior
accurately and at the agreed frequency, intensity
and duration’. Bailey et al. (69) identified 8 parame-
ters of exercise adherence; number of days exercised,
completed sessions, number of completed sets, days
missed, intensity, duration, accuracy; in addition,
‘achieving target sensation’, such as fatigue, or pain
could also be measured. It is recommended that
researchers specify explicitly in their protocol the
precise parameters of the prescribed exercise in
terms of the dose, but also the target sensation
(pain or fatigue), and that these parameters are
reflected in the measures of adherence (Table 6).
The specific parameters of adherence to a HEP need
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careful consideration in the planning and applica-
tion of adherence monitoring, not just an acknow-
ledgement that exercises were performed to some
extent. It is recommended that clinicians consider
not only the dose of exercise but also what their
patients experience in terms of pain and fatigue.

Only one of the 17 studies (44) pre-defined a
‘target adherence’, which was 80% of the number of
sets and repetitions performed during every training
session. There seems to be no consensus within the
literature as to what level of adherence is acceptable
or desirable. It is recommended that future studies
predefine a ‘target adherence’ and perform adher-
ence subgroup sensitivity analysis which may pro-
vide an understanding of what constitutes ‘desirable
adherence’, based on more scientific principles than
opinion (Table 6).

Behavior change techniques

The mean number of BC techniques used in the 17
included studies was 5.8, and a total of 17 BC tech-
niques were used to promote HEP adherence across
all studies (Tables 4 and 5). Michie et al. (23)
describes 93 BC techniques in their BC taxonomy,
therefore the mean number of BC techniques used
in the included studies constitutes 6% of the total
number of techniques described in the taxonomy.
Although not all of the techniques may be appropri-
ate for promoting adherence to a HEP, the low
mean number reported in this systematic review
suggests that BC techniques are being under-utilized
in promoting HEP adherence in the included stud-
ies. The most used BC techniques in the included
studies were implemented in order to teach patients
how to perform their HEPs. The three most fre-
quently coded BC techniques were; ‘instruction on
how to perform the behavior’, ‘demonstration of the
behavior’ and ‘behavioral practice and rehearsal’.
These three BC techniques comprised 46% (46 of
99) of all BC techniques described across all
17 studies.

It was surprising to see the underutilization of
many BC techniques that seem well placed to pro-
mote adherence to HEPs. For example, ‘Information
about Health Consequences’ was only reported in 2
studies (12%) (44, 47). Therefore, only 12% of the
studies described offering patients an explanation of
how the exercise program might help their symp-
toms resolve. It must be a minimum requirement
that patients have an explanation for the potentially
beneficial effects of performing the HEP. It is rec-
ommended that clinicians and researchers carefully
consider the content of the educational programs
that they deliver. By providing information about
the ‘consequences’ of performing exercise, the

educational interventions may better target the
desired behaviour; home exercise adherence. The
educational content may come from RCTs reporting
the effectiveness of exercise interventions, or from
mechanistic studies reporting how exercise may
cause a reduction in pain and disability.

Only one study (6%) described the use of a the-
oretical framework to develop interventions to pro-
mote HEP adherence (47). Using theoretical models
that predict behaviour to develop BC interventions,
may help researchers implement more robust inter-
ventions and promote clarity and transparency for
those that follow (20).

The utilization of BC techniques in the prescrip-
tion of exercise has been described previously.
Emilson et al. (70) evaluated primary care physio-
therapists’ use of BC techniques with patients
reporting musculoskeletal pain. Through the analysis
of video recordings from the clinical interactions of
12 physiotherapists, they identified seven BC techni-
ques that were used to facilitate physical activity.
The authors suggest that this low utilization may be
due to limited experience and knowledge of BC
techniques (70). In a systematic review of experi-
mental and observational studies promoting physical
activity, Kunstler et al. (71) described the average
use of 7.3 BC techniques per study. These finding
are consistent with the mean number of BC techni-
ques (5.8 per study) identified in the 17 studies
included in this review.

Willett et al. (25) reported that the BC techni-
ques; ’behavioral contract’, ’'non-specific reward’,
‘goal setting’ (behavior), ’self-monitoring of behav-
ior’, and ’social support (unspecified) resulted in the
highest effectiveness ratios in promoting physical
activity adherence. None of the included studies in
this systematic review utilized ‘behavioural-contract’
or ‘non-specific reward’ to promote adherence, and
‘social support (unspecified)” was only described in
two (12%) studies. It is recommended that clinicians
and researchers understand the range of BC techni-
ques that may be employed to promote adherence
to home exercise, and understand how to select and
deliver these interventions in clinical practice and
research settings (23). Only when robust measures
and acceptable levels of adherence have been
achieved will it be possible to investigate the effect-
iveness of different exercise strategies on clinical
outcomes of RCRSP.

Strengths and limitations

This review described clear inclusion and exclusion
criteria that limited the review to larger RCTs
(n=30) that recruited participants with a minimum
duration of symptoms of three months. Acute



symptoms commonly undergo spontaneous reso-
lution irrespective of the intervention; excluding
participants that have a high chance of spontaneous
recovery (acute symptoms) is a feature of more
robust study design (72). Physiotherapy trials com-
paring two interventions commonly describe small
effect size (72) and high variance in the primary
outcome measure. As a result studies with small
sample size are less likely to generate statistically or
clinically meaningful results. These inclusion criteria
were chosen in an attempt to include and describe
the findings of RCTs with more robust design that
are more likely to generate clinically and statistically
meaningful conclusions.

Risk of bias was assessed using a tool for the
evaluation of experimental bias (Cochrane RoB 2.0),
this tool incorporates ‘adherence to the intervention’
as part of the risk of bias evaluation. Evaluation of
the BC techniques was performed using a standar-
dized methodology and both coders completed
standardized online training for coding BC techni-
ques using BC technique taxonomy (version 1).
Authors were not contacted to clarify information
relating to the measurement of exercise adherence
or in the use of BC interventions, because the aim
of this systematic review was to evaluate the
‘reporting’ of HEP adherence and the ‘reporting’ of
interventions to promote adherence with HEP.

It is possible that authors of the included studies
considered aspects of BC interventions implicit
within the role of physiotherapy. Authors are not
expected to describe every aspect of the interaction
between clinicians and patients; however, improved
reporting of these aspects of care is important in
order to better understand how to promote exercise
adherence and more accurately determine the effect-
iveness of home exercise in the management
of RCRSP.

Conclusions

The results of this study indicate that there is a
great deal of variation in the utilization of BC tech-
niques to promote adherence to HEPs in RCTs of
RCRSP. The mean number of BC techniques
employed in the studies is low and may be due to
limited experience and knowledge of BC techniques,
or poor reporting of these interventions. Many
authors either fail to report HEP adherence, or
report poor or unknown adherence. Understanding
HEP adherence is important in order to determine
the efficacy of HEPs. Developing valid and reliable
outcome measures of exercise adherence is acknowl-
edged as a major challenge, but also a major oppor-
tunity for the physiotherapy profession. Utilizing BC
interventions in combination with HEPs may
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provide an opportunity to improve HEP adherence
and clinical outcomes.
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Appendix A. Example search strategy for EMBASE with database specific MESH terms

Database

Search term

Results

EMBASE

"SHOULDER MUSCLE"/ OR "ROTATOR CUFF"/ OR "INFRASPINATUS MUSCLE"/ OR

55562

"SUBSCAPULARIS MUSCLE"/ OR "SUPRASPINATUS MUSCLE"/ OR "TERES MINOR
MUSCLE"/ OR "ROTATOR CUFF DISORDERS"/ OR "ROTATOR CUFF DISORDER"/
OR "ROTATOR CUFF IMPINGEMENT"/ OR "ROTATOR CUFF INJURIES"/ OR
"ROTATOR CUFF INJURY"/ OR "ROTATOR CUFF LESION"/ OR "ROTATOR CUFF
PATHOLOGY"/ OR "SHOULDER IMPINGEMENT SYNDROME"/ OR "SHOULDER
INJURIES"/ OR "SHOULDER INSTABILITY"/ OR "SHOULDER JOINT"/ OR
"SHOULDER JOINT DISLOCATION"/ OR "SHOULDER LESION"/ OR "SHOULDER
LESIONS"/ OR "SHOULDER LUXATION"/ OR "SUBSCAPULARIS MUSCLE"/ OR
"TENDON RUPTURE"/ OR "ROTATOR CUFF RUPTURE"/ OR "ROTATOR CUFF
RUPTURES"/ OR "ROTATOR CUFF SYNDROME"/ OR "ROTATOR CUFF TEAR"/ OR
"ROTATOR CUFF TEAR ARTHROPATHY"/ OR "ROTATOR CUFF TEARS"/ OR
"ROTATOR CUFF TENDINOPATHIES"/ OR "ROTATOR CUFF TENDINOPATHY"/ OR
"ROTATOR CUFF TENDONITIS"/ OR "SHOULDER INJURY"/ OR "TENDON DISEASE"/

EMBASE

"EXERCISE"/ OR "MUSCLE EXERCISE"/ OR "EXERCISE MOVEMENT TECHNIQUES"/ OR

500512

"ENDURANCE TRAINING"/ OR "EXERCISE INTENSITY"/ OR "MUSCLE STRENGTH"/
OR "MUSCLE STRENGTHENING"/ OR "MUSCLE STRETCH"/ OR "MUSCLE
STRETCHING"/ OR "PHYSIOTHERAPY"/ OR "JOINT MOBILZATION"/ OR "JOINT
MOTILITY"/ OR "ENDURANCE"/ OR "PHYSICAL ACTIVITY, CAPACITY AND
PERFORMANCE"/ OR "ENDURANCE EXERCISE"/ OR "ENDURANCE EXERCISE
TRAINING"/ OR "ISOMETRIC EXERCISE"/ OR "MUSCLE EXERCISE"/ OR "ISOMETRIC
TRAINING"/ OR "ISOMETRICS"/ OR "REHABILITATION"/ OR "MUSCLE TRAINING"/
OR "PROPRIOCEPTIVE FEEDBACK"/ OR "SENSORY FEEDBACK"/ OR "ALEXANDER
TECHNIQUE"/ OR "MUSCLE ISOMETRIC CONTRACTION"/ OR "MUSCLE ISOMETRIC
TENSION"/ OR "MUSCLE ISOTONIC CONTRACTION"/
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Appendix B. Coding of behavior change techniques from the reported text

Author Description from the text for coding BCTTv1 description BCTTv1 code
Bennell et al. (35, 53) Bennell et al. (53) ‘Instruction on how to 4.1

7. These exercises will be taught and perform the 8.1

performed during each treatment session’ behavior’ and 6.1
‘Behavioral practice
and rehearsal’

‘Demonstration of
the behavior’

2. ‘Resistance for specific [home] exercises ‘Adding objects to the 12.5

will be provided by hand weights or elastic theraband’ environment’

3. ‘Compliance will be monitored via a ‘Self-monitoring of 23

weekly log book completed by the participant’ the behavior’

4. Twice daily in first two weeks and ‘Goal Setting 1.1

Once a day thereafter (10 reps x 2 using theraband) (behavior)" and 14
‘Action planning’

Bennell et al.(35)

7. 'We incorporated behavioural strategies, Not sufficient to -

including education ... .’ code BCT.

2. ‘Goal setting’ ‘Goal 1.1
Setting’ (behavior)

3. ‘Motivation and positive ‘Social support 3.1

reinforcement’ (unspecified)’

Posted back to the assessor on a monthly Monitoring of 2.1

basis and checked for completion behavior by others
without feedback

Brox et al. (36, 54) From Brox et al. (54)
and Bohmer et al. (55) "Patients were supervised twice weekly’ ‘Instruction on how to 4.1
perform the
behavior’ and
‘Demonstration of the 6.1
behavior’ and
‘Behavioral practice 8.1
and rehearsal’

‘In addition, three lessons were given on the anatomy and Not sufficient to -

function of the shoulder, pain management, and ergonometrics'. code BCT.

Perform one hour daily Action planning and 11,14
goal setting

Brox et al. (36)

"A training diary was used to motivate the patients and to ‘Self-monitoring of 23

guide the progression of the load and the variety of exercises’ the behavior’

Bohmer et al. (55) (published after the initial trial results) Not sufficient to -

- - code BCT

‘three lessons on functional anatomy, active coping, simple

ergonomics and the injury mechanism are provided’

Using a long, light elastic cord Adding objects to the 12.5
environment

Crawshaw et al. (37) ‘given standard advice to avoid activities that caused or Not sufficient to -
(and online appendix) provoked pain; stop all sporting activity and training; avoid code BCT

using the arm for overhead activities; and avoid repetitive

movements or activities that could have contributed to the

shoulder symptoms for one week’

‘the therapy log sheet completed by the treating physiotherapist’ Not sufficient to -
code BCT

Both groups received a programme delivered by a ‘Instruction on how to 4.1

physiotherapist .... ... the treating physiotherapists perform the 6.1

chose .... exercises for each patient from ... 23 exercises. behavior’ and

Exercises were progressive as deemed appropriate ‘Behavioral practice

by the treating physiotherapist. and rehearsal’

‘Demonstration of 8.1
the behavior’
Dickens et al. (38) ‘asked to complete the exercises at least twice a day’ ‘Goal 1.1
Setting (behavior)’

‘Exercises were taught to all subjects’ ‘Instruction on how to 4.1
perform the 8.1
behavior’ and
‘Behavioral practice
and rehearsal’

‘Demonstration of 6.1
the behavior’

‘progressed to involve strengthening of infraspinatus, Not sufficient to -

subscapularis and teres minor’ code BCT

‘progressed to inner range, through range, outer Not sufficient to -

range and into functional positions’ code BCT

‘patients were given Theraband’ 12.5

(continued)
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Author Description from the text for coding BCTTv1 description BCTTv1 code
‘Adding objects to the
environment’
Elsodany et al. (39) ‘using a Thera-Band’ ‘Adding objects to the 12.5
environment’
‘Exercises were taught by a physiotherapist’ ‘Instruction on how to 4.1
perform the 8.1
behavior’ and
‘Behavioral practice
and rehearsal’
‘Demonstration of 6.1
the behavior’
‘Asked to perform the exercises daily at home’ ‘Goal 1.1
Setting (behavior)’
Guitierrez-Espinoza et ‘Received advice and an exercise program to perform at home’ Not sufficient to -
al. (40) code BCT
‘Each movement exercise was repeated 10 times, Goal setting 1.1
and each stretching exercise 3 times, twice daily at home’
‘To monitor the adherence at home, the participants Action Planning 14
reviewed the exercise program with the
physiotherapist once a week, ...
‘Addressing questions regarding the exercises’ Monitoring of 2.1
behavior by others
without feedback
Not sufficient to
code BCT
Haahr and Anderson  ‘The patients were encouraged to continue to Not sufficient to code -
(56) and Haahr et do active exercises at home on a daily basis’ BCT (goal setting
al. (41) [for 12 weeks then 2-3 times per week] or action planning)
The physiotherapeutic treatment consisted of ‘Instruction on how to 4.1
19 sessions, each lasting up to 60 min ... active perform the 8.1
training of the periscapular muscles behavior’ and
(rhomboid, serratus, trapezoid, levator scapulae, ‘Behavioral practice
and pectoralis minor muscles) and strengthening and rehearsal’
of the stabilizing muscles of the shoulder joint (the rotator cuff). ‘Demonstration of 6.1
the behavior’
Heron et al. (42) ‘Participants completed three sets of 10 repetitions, twice per day’ ‘Goal Setting
and appendix (behavior)" and
‘Action planning’
‘Participants attended three appointments over ‘Behavioral practice 4.1
6 weeks, with the exercises progressed in and rehearsal’ 6.1
difficulty at each appointment’, ‘all participants ‘Demonstration of 8.1
were taught stretching exercises for the anterior the behavior’
and posterior shoulder capsule’
‘Diagrams were provided to all patients ‘Instruction on how to 8.1
demonstrating the exercise techniques’ perform
the behavior’
‘using rubber resistance bands. The length ‘Adding objects to the 12.5
of each band was adjusted for each patient’ environment’
‘Participants also completed an exercise diary ‘Self-monitoring of 2.3
reporting how frequently they performed the behavior’
the exercises’
Holmgren et al. (43) ‘Both groups received thorough information Not sufficient to -
and appendix and about their shoulder condition, ergonomical code BCT
Hallgren et al. (57) advice, and correction of their posture’
‘An exercise diary was used in both groups ‘Self-monitoring of 23
to monitor adherence’ the behavior’
‘Each strengthening exercise was repeated ‘Goal Setting 1.1
15 times in three sets twice daily for eight (behavior)” and 14
weeks’, (x1/day from 8 weeks). ‘Action planning’
‘The exercises were individually adjusted and ‘Behavioral practice 4.1
progressed with increased external load by and rehearsal’
using weights and elastic rubber band at the ‘Demonstration of 6.1
physiotherapist visits once every other week the behavior’
during the whole rehabilitation period'. ‘Instruction on how to 8.1
perform
the behavior’
‘progressed with increased external load ‘Adding objects to the 12.5
by using weights and elastic rubber band’ environment’
Ingwerson et al. (44) Ingwerson et al. (44)
and Appendix A and  “seen by a physical therapist for initial exercise ‘Behavioral practice 4.1
B and Ingwerson et al. instruction (60 min) in week 1 and for supervised and rehearsal’
(58) (protocol) exercise sessions (30 min) in weeks 2-4, 6, and 9’ ‘Demonstration of 6.1
the behavior’
‘Instruction on how to 8.1
perform
the behavior’
8.1

(continued)
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Appendix B. Continued.

Author Description from the text for coding BCTTv1 description BCTTv1 code
Provided with instructions/manual ‘Instruction on how to
(see Appendix A and B) perform
the behavior’
“instructed to perform home-based exercises ‘Goal Setting
3 times per week’, ‘[4 exercises] repeat the (behavior)” and
exercise 20 to 25 times. The exercise is ‘Action planning’
carried out for 3 sets’
‘Patients were instructed to complete an exercise diary’ ‘Self-monitoring of 23
the behavior’
Appendix A and B ‘Information about 5.1
‘Why We Believe This Training Works. Health
The training is believed to have a positive Consequences’
effect on the muscles called the rotator cuff.....
‘When you exercise, you may experience Insufficient to code -
slight increased pain in the shoulder. BCT 13.2 ‘Framing
This is normal and OK’ / reframing’
Ingwerson et al. (58) ‘Instruction on how to 8.1
The patients will be given a copy of the perform
DVD and an exercise brochure to enable the behavior’
them to follow the instructions and exercises at home’
Ketola et al. (45) ‘Information was first given by a trained physiotherapist’ Insufficient to cade -
a BCT
‘Supervised exercise treatment’ ‘Behavioral practice 4.1,
and rehearsal’
‘Demonstration of 6.1
the behavior’
‘Instruction on how to 8.1
perform
the behavior’
‘at least four times a week using nine different ‘Goal Setting 1.1
exercises with 30 to 40 repetitions three times’ (behavior)" and 14
‘Action planning’
‘Elasticated stretch bands and light weights ‘Adding objects to the 12.5
were used in training’ environment’
‘[Physiotherapy session were] continued until Insufficient to cade -
the patient and the therapist considered that the a BTC
patient was able to maintain the established
level independently’
Kukkonen et al. Kukkonen et al. (46)
(46, 59) No information regarding which exercises Insufficient to cade -
were prescribed, the frequency or dose. a BCT
‘gave the patient written information and ‘Instruction on how to 4.1
guidance for exercises to be conducted at home’ perform
the behavior’
‘referred for ten sessions of physiotherapy in Insufficient to cade -
an outpatient health care facility where their a BCT
progress was monitored’
Kukkonen et al. (59)
“gave the patient written information and ‘Instruction on how to 8.1
guided the patient in how to perform a perform
standardized training exercise protocol at home’ the behavior’
‘Behavioral practice 6.1
and rehearsal’
‘Demonstration of 4.1
the behavior’
Littlewood et al. (47)  Littlewood et al. (47)
and Littlewood et al.  “exercise adherence data in the form of an ‘Self-monitoring of 23
(60) (protocol) and exercise diary were completed during the the behavior’
Littlewood et al. intervention period’
(61) (protocol) [single exercise] ‘against gravity, a resistive ‘Goal Setting
therapeutic band or hand weight over three (behavior)” and
sets of 10 to 15 repetitions twice per day’ ‘Action planning’
Adding objects to the 12.5
environment
Littlewood et al. (61) (protocol)
The patient is encouraged to communicate their ‘Framing / reframing’ 13.2
understanding of the problem and the therapist is ‘Information about 5.1
encouraged to frame the discussion from the Health
perspective that the muscles and tendons are Consequences’
deconditioned (or weakened or lacking fitness) ‘Credible source’ 9.1
and need a progressive programme of exercise
to restore condition and function. Description of
tissue based pathology, e.g. rotator cuff tear,
is avoided, or challenged’
‘reliance is placed upon the development of a ‘Social support’ 3.1
therapeutic alliance where doubts and concerns (Unspecified)
33

(continued)
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Author Description from the text for coding BCTTv1 description BCTTv1 code
can be expressed by the patient and reassurance Social
offered by the physiotherapist’ support emotional
‘Observe the therapist undertaking the exercise’ ‘Demonstration of 6.1
the behavior’
‘subsequently model their behavior on that of the ‘Behavioral practice 8.1
therapist whilst repeating the exercise themselves’ and rehearsal’
‘re-enforced by a diagram, drawn by the patient, on an ‘Instruction on how to 4.1
exercise diary which will serve as a visual memory stimulus’ perform
the behavior’
‘goals are set using the patient specific functional scale’ Goal 13
Setting (outcome)
[Outcome goal (based on PSFS)] ‘is monitored, discussed ‘Review 1.7
at follow-up appointments and new goals set as appropriate’ outcome goal(s)’
‘Following this the patients are encouraged to consider ‘Problem solving’ 12
any barriers to implementation. Some pragmatic solutions
to common problems, particularly time limitations, are
factored in to the intervention’
‘Barriers to implementations are also raised and discussed Insufficient to code -
with reference to the exercise diary at subsequent ‘discrepancy
follow-up appointments’ between current
behavior and goal’
BCT 1.6
Littlewood et al. (60) (protocol)
3 sets of 10 to 15 repetitions completed twice per day. ‘Goal Setting
(behavior)” and
‘Action planning’
Maenhout et al. (48)  (TT) Each exercise was performed once a day for 3 sets of 10 repetitions.  Goal setting 1.1
(behavior) and 14
Action Planning
(ET & TT) Three sets of 15 repetitions were performed twice a day Goal setting 1.1
(behavior) and 14
Action Planning
‘All patients completed a daily log-book to record pain Self-monitoring of 2.3
during the exercises and adverse events’ the behavior
‘These sessions were aimed at correcting ‘Instruction on how to 4.1
performance of the exercises’ perform the 8.1
behavior’ and
‘Behavioral practice
and rehearsal’
‘Demonstration of 6.1
the behavior’
‘Emphasizing the importance of adherence to the home exercises’ Insufficient to
code BCT
[Provided patients with] ‘Information on basic anatomy of the Insufficient to -
shoulder (humerus, glenoid and scapula and position of the code BCT
rotator cuff tendons) and pathology of subacromial impingement’
‘With a theraband’ Adding objects to the 12.5
environment
Nejati et al. (49) ‘performed using an elastic band or a 1- to 1.5-kg weight Goal setting 1.1
in 3 sets of 10 repetitions each’ (behavior) and 14
Action Planning
‘Received supervised exercise therapy in the ‘Instruction on how to 4.1
hospital once a week for 3 months’ perform the 6.1
behavior’ and 8.1
‘Behavioral practice
and rehearsal’
‘A number of images showing how each exercise ‘Instruction on how to 4.1
should be performed were also provided’ perform
the behavior’
‘exhibited good compliance with treatment throughout Insufficient to -
the study period: 68.96% of the patients in the exercise code BCT
group attended the 3-month course of exercise therapy
(at home and in the hospital)’
Paavola et al. (62) and Paavola et al. (62)
Paavola et al. (50) and “Using a standardised protocol that relied primarily on Insufficient to -
appendix | and |l daily home exercises as well as 15 visits to an code BCT
independent physiotherapist’
‘Supervised, progressive, individually designed Insufficient to -
physiotherapy was started within two weeks of randomisation,’ code BCT
Repeat 3 x 15-25 times. Goal setting 1.1
(behavior) and 14
Action Planning
Included 15 visits to an independent Not sufficient to -
physiotherapist for guidance and monitoring code BCT
of the progress
4.1

(continued)
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Appendix B. Continued.

Author Description from the text for coding BCTTv1 description BCTTv1 code
‘the detailed exercise therapy protocol is available ‘Instruction on how to
in appendix 1’ [formatting suggests this was perform
provided as a patient handout] the behavior’
Paavola et al. (50)
The regimen was based on daily home exercises, Not sufficient to -
and included 15 visits to an independent code BCT
physiotherapist for guidance and monitoring of the progress,
Severn et al. (51) ‘advised to perform a home exercise program Goal 1.1
with same exercises on their own 3 times /day for the other days’ setting (behavior)
received [an exercise protocol] 3 sessions ‘Instruction on how to 4.1
(an average of 30 min per session) per week for 12 weeks. perform the 6.1
behavior’ and
‘Behavioral practice
and rehearsal’
‘Demonstration of 8.1

In the description of interventions use of the phrases; ‘Supervised exercise session’,
‘Attended exercise sessions’, ‘Supervised’, ‘Taught’ were deemed sufficient to code for
‘Instruction on how to perform the behavior' (1.1) and ‘Behavioral practice and
rehearsal’ (6.1) and ‘demonstration of the behavior’ (8.1). Use of the terms;
‘physiotherapy sessions’, ‘physiotherapy’ and ‘individual sessions’ were deemed
insufficient to code for BCT's.

Abbreviations used; Kg =kilo

BCTTv1 = behavior change technique taxonomy (version 1)  TT = traditional training
BCT = behavior change technique

ET = heavy load eccentric training

the behavior’

PSFS = patient specific functional scale
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