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Abstract

Background Degenerative rotator cuff tears are common and are often treated with surgical repair. Randomised
trials have not shown a clear advantage to surgery over non-surgical treatment, but there have been no published
placebo-controlled trials investigating rotator cuff repair. This study aims to compare arthroscopic shoulder surgery
with rotator cuff repair to surgery without rotator cuff repair (placebo) for improving shoulder pain and function

in people with shoulder pain and full-thickness degenerative rotator cuff tears.

Methods The study is a multicentre two-parallel arm, blinded, individually randomised controlled trial (RCT).
Participants will be people aged 40-75 years (inclusive) with more than 6 months of shoulder pain, a degenerative
(non-traumatic) full thickness rotator cuff tear 1 to 4 cm in length for whom surgery is recommended and repair

of the tear is the main reason for surgery. The intervention is arthroscopic surgery (including—as indicated—bursec-
tomy, debridement, acromioclavicular joint resection, acromioplasty and biceps tenodesis or tenotomy) with rota-

tor cuff repair. The control is the same arthroscopic shoulder surgery without rotator cuff repair. Participants will be
randomised to cuff repair or no cuff repair in a 1:1 ratio intra-operatively, after all other surgical procedures have been
performed. Participants, follow-up surgeons, physiotherapists, study staff and statisticians will be blinded. Post-surgical
rehabilitation will be usual care for rotator cuff repair in both groups. The primary outcome will be shoulder pain

and function measured using the Western Ontario Rotator Cuff Index at 6 months post-surgery.

Discussion The ARC trial will provide low bias evidence on a common surgical procedure: rotator cuff repair
for degenerative tears.
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Trial registration The trial is registered with the Australian New Zealand Clinical Trials Registry
(ACTRN12620000789965) on 5 August 2020 and the WHO International Clinical Trials Registry Platform (universal trial

number UT111-1251-6599).

Keywords Clinical trials, Rotator cuff, Shoulder, Surgery, Placebo

Introduction

Background and rationale {6a}

Rotator cuff pathology is common and increases with
age, affecting many people over the age of 45 years and
most people over the age of 60, with more than half hav-
ing shoulder pain [1, 2]. Shoulder pain is common (22%
prevalence in adults) and makes up approximately 1% of
all primary care presentations, 85% of which will have
rotator cuff pathology [3—6]. Large acute tears may occur
as a result of significant trauma (such as a shoulder dislo-
cation) but most tears are not acute.

The two most common surgical procedures for patients
with shoulder pain are subacromial decompression and
rotator cuff repair (suturing and anchoring the torn ten-
don to the humeral head insertion), either separately or
in combination.

Subacromial decompression is performed arthroscopi-
cally and involves removal of bursal tissue and the bony
under-surface of the acromion to decompress the pas-
sage of the rotator cuff tendons through the subacromial
space. The effectiveness of subacromial decompression as
stand-alone treatment for rotator cuff disease (excluding
full thickness tears) has been called into question based
upon high-certainty evidence that it provides no clinically
important benefits over placebo in pain or function [7-9]
with a BMJ guideline panel making a strong recommenda-
tion against use of this surgery for shoulder pain [10].

The Australian Rotator Cuff (ARC) study investigates
the effectiveness of a strategy to surgically repair full
thickness, non-acute tears. Such lesions make up over
75% of all tears [11] and are often treated with surgery
following failed non-operative management. Rotator cuff
repair is the most common surgical procedure performed
in the shoulder, with rates increasing [12—17]. The ration-
ale for surgical repair is to improve symptoms (pain and
function) which are believed to arise from the tear and to
prevent the tear from becoming larger.

In contrast to subacromial decompression, results from
a randomised placebo-controlled trial of rotator cuff
repair have not been reported. A 2019 Cochrane review
that included nine randomised trials involving 1007 par-
ticipants comparing rotator cuff repair with or without
decompression to other (non-surgical) active interven-
tions noted that all trials were at high risk of bias, most
notably for selection and performance bias due to failure

to blind both participants and study personnel to treat-
ment allocation [18]. The review found low certainty evi-
dence that rotator cuff repair provides little or no benefit
in pain, function and quality of life compared to non-
operative treatment and no added benefit over subac-
romial decompression alone. In addition, there are high
rates of re-tears (following repair) at 1 to 2 years [19-21],
the structural integrity of the cuff after surgical repair
does not correlate with clinically important differences in
pain or function, and many tears do not progress if left
unrepaired [22-24].

Uncertainty around the effectiveness of surgical rotator
cuff repair is also reflected in variation in rates of surgery
and surgeon preference [25, 26]. As a result of practice
variation and evidence uncertainty, high-quality trials for
rotator cuff tears were listed in the top ten research pri-
orities for shoulder surgery in a multidisciplinary prior-
ity setting exercise using the James Lind Alliance Priority
Setting Partnership methods in 2016 [27].

Objectives {7}

The ARC trial aims to determine the effectiveness,
safety and cost-effectiveness of arthroscopic shoulder
surgery with rotator cuff repair compared with arthro-
scopic shoulder surgery without rotator cuft repair, for
improving shoulder pain and function, and quality of life
in people with symptoms attributed to non-acute, full-
thickness rotator cuff tears. The study hypothesis is that
in people aged 45 to 75 years with at least 6 months of
shoulder symptoms and a complete, surgically reparable
rotator cuff tear, arthroscopic surgery with repair of the
tear is superior to arthroscopic surgery without repair
in improving shoulder pain and function at 6 months
post-surgery.

Trial design {8}

The ARC trial is a multicentre, two-parallel group,
blinded, randomised, placebo-controlled superior-
ity trial. All eligible patients at participating sites will
be approached to participate. Those who consent will
undergo shoulder arthroscopy to confirm eligibility
(size and location of rotator cuff tear) and address other
pathology (e.g. acromial pathology, see below), and then
randomised intra-operatively by online randomisation
service to either arthroscopic surgical rotator cuff repair
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or no repair in a 1:1 ratio. Concomitant arthroscopic pro-
cedures (see “Interventions’, below) will be performed as
per current usual practice and prior to randomisation.

Patient involvement

The trial was discussed in a focus group of rotator cuff
surgery patients. The consumers understood the need
for the trial and were comfortable with the use of pla-
cebo surgery. Furthermore, they were comfortable with
the use of a common rehabilitation protocol, follow-up
by a surgeon not involved in their operation, and main-
tenance of blinding. They considered it important to have
no costs to the participants (as planned) and felt that the
closer follow-up associated with trial participation, the
avoidance of any costs, and contributing to the evidence
that will assist with the management of future patients
were strong drivers to participate.

The trial protocol has also been reviewed by the Con-
sumer Advisory and Scientific Committees of the Aus-
tralia and New Zealand Musculoskeletal (ANZMUSC)
Clinical Trials Network and feedback has been incor-
porated. The ANZMUSC Executive Committee has
endorsed the trial. The study includes two people with
shoulder pain as investigators.

Methods: participants, interventions and outcomes
Study setting {9}

The study setting will parallel usual practice. Operating
surgeons will be specialist (fellowship-trained) shoul-
der surgeons. The consultations and surgery will be
performed in healthcare sites (public and/or private)
normally used by the study surgeons, including all usual
personnel (physiotherapists, nurses, trainee surgeons,
anaesthetists, etc.).

Eligibility criteria {10}
Inclusion criteria

« Age 45-75 years inclusive (older patients are usually
treated non-operatively and younger patients are less
likely to have non-acute tears)

+ Atleast 6 months duration of shoulder symptoms

« Complete tear of supraspinatus tendon on magnetic
resonance imaging (MRI)

+ Rotator cuff repair is considered the primary reason
for surgery

+ English speaking

+ Available for post-operative rehabilitation and fol-
low-up for at least 6 months

+ Complete tear of the supraspinatus tendon con-
firmed at arthroscopy as being 1 to 4 c¢cm in anter-
oposterior length with or without extension into
infraspinatus and allowing tearing of the superior 1/3
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of subscapularis tendons and considered arthroscopi-
cally reparable

Exclusion criteria

+ Pregnancy

« Tear extending beyond superior 1/3 of subscapularis
tendon

« Prior rotator cuff surgery of the affected shoulder

» Stage 3 or higher fatty atrophy of the rotator cuft
muscles and a positive Tangent sign (relative con-
traindication to repair due to low success rate) [28]

+ Glenohumeral osteoarthritis (Outerbridge Grade III
or higher measured during arthroscopy) [29] or loss
of joint space or osteophyte on pre-operative imaging

+ Frozen shoulder (>50% loss global passive range)
and/or proposed capsular release

» A traumatic tear (an acute event that is more than a
fall from standing height) that has occurred within
the last 6 months

+ Current use of oral glucocorticoids, immunosuppres-
sants; there will be no exclusion based on prior thera-
pies

+ Rheumatoid arthritis or other autoimmune inflam-
matory arthropathy

+ Shoulder instability (history of dislocation)

+ Osteonecrosis of the humeral head

« Resident of a residential aged care facility

+ Shoulder condition covered by workers’ compensa-
tion insurance (this is associated with poor results
and may bias against any effectiveness of surgery
[30])

+ Limited English proficiency or cognitive impairment
precluding fully informed consent

Who will take informed consent {26a}

Potential participants will be identified from the partici-
pating sites (private and public settings) where study sur-
geons work. If the surgeon considers rotator cuff repair
surgery to be indicated and the cuff repair to be the main
reason for surgery, patients will be approached to partici-
pate, informed of the trial, given written information and
contacted by the research team prior to deciding whether
to participate. Consent will be collect using an online
consent form.

Additional consent provisions for collection and use

of participant data and biological specimens {26b}

No additional consent procedures will be used and no
specimens will be taken as part of the study.
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Interventions

Explanation for the choice of comparators {6b}

By comparing arthroscopic surgery with rotator cuff
repair to arthroscopic surgery without rotator cuff repair,
the only difference between study groups will be the
presence or absence of the active component of the inter-
vention being tested (i.e. rotator cuff repair). Isolating the
active ingredient of the procedure being studied allows
the study to provide the least biased estimate of efficacy
of rotator cuff repair in the study population.

Intervention description {11a}

The active intervention is arthroscopic shoulder surgery
with rotator cuff repair. The surgical technique will be
according to surgeon preference. The type of repair (e.g.
double row versus single row) will be recorded. Surgery
will be performed within 90 days of consent where pos-
sible, and baseline data will be collected within 42 days of
surgery in all cases.

The control intervention (placebo) is arthroscopic
shoulder surgery without rotator cuff repair. In both
groups, concomitant procedures will be allowed prior to
intra-operative randomisation.

For both groups, anaesthesia and surgical set-up will
be according to local standard practice. Arthroscopy
will use standard portals with full visualisation to allow
diagnostic arthroscopy. Exposure of the rotator cuff tear
will be sufficient to allow visualisation, measurement and
recording (site, size and reparability) of the tear to con-
firm eligibility, and subsequent repair if randomised to
that arm of the trial. At the conclusion of the procedure,
the arm will be placed in a shoulder immobiliser sling in
both groups. Intra-operative images will be taken as per
usual practice and will be used for inclusion criteria and
treatment verification.

Allowing concomitant procedures more closely resem-
bles usual practice, making the study more pragmatic
and generalisable. It also increases acceptability by par-
ticipants and surgeons. Further, by retaining all elements
of the procedure with the exception of the active ingre-
dient of the study intervention (rotator cuff repair), the
requirements for high-fidelity placebo surgery are met
[31].

The permitted concomitant procedures will be bur-
sal debridement, acromioplasty, biceps tendon tenode-
sis or tenotomy and acromioclavicular joint resection.
Concomitant procedures will be performed prior to
randomisation and will not require any change to the
post-operative rehabilitation. Concomitant procedures
will be balanced between groups (through randomisa-
tion alone or the minimisation algorithm used in the ran-
domisation process).
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Post-operative analgesia (including nerve blocks) will
be as per usual care for each treating surgeon. Whilst the
focus of this trial is the surgery, participants and their
physiotherapists will receive written guidance on good
quality post-operative rehabilitation which includes a
graded programme divided into phases, informed by rec-
ommendations from the recent consensus statement of
the American Society of Shoulder and Elbow Therapists
[32] and the protocol of the current ACCURATE placebo
RCT [33].

Physiotherapists will be guided to follow four phases of
rehabilitation that represent a consensus of current best
practice recommendations:

o Phase 1 (0—4 weeks): arm placed in sling, passive
and assisted range of motion (ROM).

o Phase 2 (5-8 weeks): active-assisted ROM unload-
ing rotator cuff.

o Phase 3 (9-12 weeks): active-unloaded exercises,
isometric cuff strengthening.

o Phase 4 (13-20 weeks): active ROM, dynamic
strengthening exercises for cuff and scapula.

Physiotherapists will be guided to progress to each
phase dependent on time and milestone achievement.

Participants will be followed up directly (electroni-
cally or by telephone/ mail) for study data collection at
1-2 weeks, 6—-8 weeks, 3 months, 6 months, 12 months
and 24 months. Five- and ten-year follow-up will be sub-
ject to additional funding. Participants will be followed
in person by a blinded surgeon other than their operat-
ing surgeon at 1-2 weeks, 6—8 weeks, 3 months and 6
months. If further surgical reviews are required beyond 6
months, this will be dependent on the participant’s post-
surgical progress.

Criteria for discontinuing or modifying allocated
interventions {11b}

The interventions are one-off procedures and cannot be
discontinued or modified after being provided. Surgeons
are allowed to modify the technique of rotator cuff repair
according to usual preference.

Strategies to improve adherence to interventions {11c}
Participant adherence to the interventions is not appli-
cable as the intervention is applied during their surgical
procedure, under anaesthetic. Surgeon adherence will be
monitored by inspection of intra-operative imaging. Par-
ticipant adherence to the post-operative physiotherapy
programme will be monitored by surveying all partici-
pants regarding attendance.
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Table 1 Baseline variables
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Unit of measurement

Variable

Age at time of consent Years

Sex Male, female
Hand dominance Left, right

Educational attainment
Medical history

No schooling, primary, high school, vocational training, bachelor, masters, doctorate, other
High blood pressure, diabetes, osteoporosis, neck pain, heart condition, stomach disorder,

bowel or intestinal disorder, depression anxiety, chronic respiratory illness, kidney disease

Current medications
WORC

EQ-5D-5L

EQ-VAS

Shoulder pain at rest

Yes, no

Shoulder pain with activity

Height Centimetres
Weight Kilograms
Current smoker Yes, no

Duration of symptoms

Work status

Strength tests (Geelong and Finland sites)
Size of complete tear on MRI

Numeric: 0-100, higher scores representing better pain and function
Numeric, higher scores representing better health-related quality of life
Numeric: 0-100, higher scores representing better health

Numeric rating scale 0-10, higher scores indicating more pain

Numeric rating scale 0-10

6-12 months, more than 12 months

Normal duties, restricted duties/hours, not working

Shoulder abduction and external rotation power (Newtons)
Centimetres to one decimal place (mm) in antero-posterior plane

Table 2 Surgical variables

Variable

Units of measurement

ASA grade
Date of surgery
Length of tear

Involvement of infraspinatus
Biceps condition

Biceps surgery

Biceps fixation

Glenoid osteoarthritis
Humeral osteoarthritis

Cuff repair

ALV
Date

Centimetres to one decimal place (mm) in antero-posterior (length)
and medial-lateral (width) planes

Yes, no

Normal, tendinosis, subluxation, ruptured (choose highest applicable)
None, tenotomy, tenodesis

None, screw, button

Outerbridge grade 0, 1,2, 3,4

Outerbridge grade 0, 1, 2,3,4

No repair, repair (single vs double row, number of anchors)

Relevant concomitant care permitted or prohibited

during the trial {11d}

Concomitant surgical procedures are listed above, under
“Intervention description” and these will be performed
prior to randomisation. All participants (in both groups)
will undergo routine care associated with rotator cuff
repair surgery, including anaesthesia, post-operative pain
relief and post-operative rehabilitation.

Provisions for post-trial care {30}

Participants will be managed by the post-operative sur-
geon and physiotherapists according to usual care,
including the management of any complications.

Outcomes {12}

Baseline data (Table 1) will be collected up to 6 weeks
prior to surgery. Surgical data (Table 2) will be collected
at the time of surgery.

The primary outcome is the Western Ontario Rotator
Cuff Index (WORC) measured at 6 months post-surgery.
The WORC is a self-administered condition-specific
health questionnaire specifically designed for rotator
cuff disease and its treatment [34]. It consists of 21 ques-
tions encompassing 5 domains: symptoms, sport and
recreation, work, social function and emotions and can
be presented in a summary score on a scale from zero
(no symptoms or limitations) to 2100 (each question
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is scored on a 0-100 scale). The raw score will be con-
verted to the final WORC, which ranges from 0 to 100,
with higher scores indicating worse pain and function.
The final WORC score is calculated by subtracting the
raw WORC score from 2100 and dividing the result by
21 to create a score out of 100. The WORC was chosen
because it is widely used for studies of rotator cuff repair,
has been validated in that population, has better inter-
nal consistency, reliability, content validity and respon-
siveness than other shoulder outcome tools [35], has no
floor or ceiling effect [36], and is the primary outcome
in the current (ACCURATE) placebo rotator cuff repair
trial (thereby enabling direct comparison) [33]. WORC
was recommended by the surgeon investigators and was
developed with direct patient input [34].
Secondary outcomes are:

o Health-related quality of life: EuroQoL 5 Domain
(EQ5D-5L) & EuroQoL Visual Analogue Scale (EQ-
VAS), a validated generic quality of life questionnaire.
Comprises of five questions on mobility, self-care,
pain, usual activities and psychological status with
five possible answers for each item and a VAS to indi-
cate general health status.

o Shoulder patient global perceived effect: a 5-point
Likert Scale measuring “How is your shoulder now
compared to before the surgery?”: much worse, a lit-
tle worse, about the same, a little better, much better.

+ Shoulder pain at rest: a Numerical Rating Scale from
0 to 10 with “0” representing no pain and “10” rep-
resenting the worst pain imaginable in the preceding
week.

o Shoulder pain with activity: a Numerical Rating Scale
from 0 to 10 with “0” representing no pain and “10”
representing the worst pain imaginable in the pre-
ceding week.

«  Work status: normal duties, restricted duties/hours,
not working.

« Post-operative physiotherapy attendance at 6 months:
0—4 sessions, 5-9 sessions, equal to or greater than
10 sessions.

+ Presence and size of complete rotator cuff tear on MRI
at 12 months: measured in centimetres to one deci-
mal place

o Acromio-humeral distance on MRI at 12 months:
measured in millimetres

o Osteoarthritis on MRI at 12 months: according to
modified Samsilon & Prieto Score [37].

o Muscle wasting of rotator cuff on MRI at 12 months:
measured using Goutallier classification (Stages 0—4)
[28].

+ Complications: death, frozen shoulder, infection
requiring treatment, repeat surgery.
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The outcomes include the four mandatory clinical trial
domains (pain, function, patient global assessment of the
shoulder and adverse events including death) and the
majority of the four “important but optional” domains
(participation (recreation/work), sleep, emotional wellbe-
ing and condition-specific pathophysiological manifesta-
tions) in the OMERACT Core Domain Set for Clinical
Trials of Shoulder Disorders [38].

Participant timeline {13}
Table 3 provides the schedule of participant contact.

Sample size {14}

The sample size used during initial trial registration was
based on detecting a 0.5 standard deviation (SD) differ-
ence between groups. Recent research has reported the
Smallest Worthwhile Effect (SWE) for the ARC study,
specifically comparing the two groups used in this trial
[39]. The median SWE for improvement in pain and
function within 6 months for rotator cuff repair surgery
over subacromial decompression alone was 40% and the
lower limit of the interquartile range was 20%. We chose
to power the study based on the lower estimate of 20%
improvement in the raw WORC score, which converts to
14% change in the final (0—100) WORC based on baseline
values in this population (both the SWE study and the
ARC study to date). The minimum important difference
in the WORC has been reported at similar levels of 13
and 14 points [40—42]. The SD of the WORC post-rotator
cuff tear has been estimated at 17-20 [43-45]. Using a
14-point between-group difference in the WORC at 90%
power and a p value of 0.05 and assuming a conservative
estimate of 20 for the SD, 86 participants are required (43
in each group). Therefore, we aim to recruit until we have
primary outcome (6 months) data for 86 participants.

Recruitment {15}

At least 8 centres will be included to ensure achievement
of the sample size. Surgeons will be asked to complete
screening logs and complete screening forms for poten-
tial participants. Monthly newsletters will be provided to
investigators and these will include recruitment rates and
targets.

Assignment of interventions: allocation

Sequence generation {16a}

Randomisation will occur by use of the computer-gener-
ated interactive web response system of the Griffith Uni-
versity Randomisation Service. Randomisation will be 1:1
between groups and will use the technique of minimisa-
tion to balance groups for age, surgeon and concomitant
procedures.
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Concealment mechanism {16b}
Use of the online interactive web response system will
ensure concealment of the allocation until it is assigned.

Implementation {16c}

The allocation sequence will be computer-generated
and allocated by the interactive web response system.
The system will be accessed by the operating surgeon or
their delegate intra-operatively. The intervention will be
assigned by the operating surgeon.

Assignment of interventions: blinding

Who will be blinded {17a}

Operating surgeons will not be blinded. Participants, the
post-surgical care team, including follow-up surgeons,
rehabilitation physiotherapists and the study manage-
ment team will remain blinded for the duration of the
study. Participants will be followed up by a different sur-
geon to the operating surgeon (a blinded trial surgeon at
the same site).

Maintenance of blinding will be supported by informa-
tion provided in patient study cards (to be carried with
participants and presented to treating practitioners),
and letters provided to treating general practitioners and
physiotherapists informing them of the trial procedures.

Operation reports will be standardised as “Treatment
according to the ARC study protocol”. An unblinded
operation report (standard report) will be produced and
kept by the treating surgeon and only released if unblind-
ing is deemed necessary (e.g. further surgery required) or
at the end of the study.

Blinding fidelity will be tested during follow-up (see
Table 3 for timing) by asking each participant which
group they believe they are in: rotator cuff repair, no rota-
tor cuff repair, or unsure.

The statisticians responsible for the analyses will pro-
gramme all the analyses indicated in the statistical analy-
sis plan using a masked treatment allocation performed
by an independent statistician. The statisticians will pro-
vide the Writing Committee with blinded results from
the analyses, with the two arms labelled A and B. The
Writing Committee will then meet to consider the inter-
pretations of the results until a consensus is reached for
each alternative interpretation (based on the two possible
treatment allocations), prior to unblinding.

Procedure for unblinding if needed {17b}

If the participant’s treating clinicians at any time during
the study period deem a change in treatment is needed
and unblinding may be necessary, the Trial Management
Group (TMG) will decide if the patient will be unblinded.
Participants will be encouraged to remain blinded for the

Page 8 of 12

first 2 years, after which time those who wish to know
their treatment allocation will be unblinded.

Data collection and management

Plans for assessment and collection of outcomes {18a}
Data will be collected directly in a REDCap [46, 47] data-
base. Participants will be directed to the REDCap inter-
face for consent and entering survey responses. Surgical
data will be entered into REDCap by the research team
based on case report forms completed intra-operatively
by the surgeons.

Plans to promote participant retention and complete
follow-up {18b}

The use of electronic links to online surveys is expected
to improve participant follow-up. Participants who do
not respond to electronic (email and text) reminders will
be contacted by telephone but directed to enter the data
directly where possible. Follow-up will continue regard-
less of protocol adherence.

Data management {19}

The REDCap database is provided, hosted and backed
up regularly by the University of New South Wales, on
a secure network. Data will be password protected and
with separate access, depending on the study role, with
no one able to access the random treatment allocation
except the unblinded statistician responsible for provid-
ing reports to the independent Data Safety and Monitor-
ing Committee (DSMC) and an assigned unblinded study
team member. Data access will be restricted to the TMG
that will oversee day-to-day trial management. The Steer-
ing Committee (SC) will oversee study progress, data
collection and integrity and will approve the statistical
analysis plan and research protocol.

The integrity of trial data will be monitored by regular
(monthly) review of data for omissions and errors. The
database will be constructed with restricted ranges to
reduce errors in data entry.

Confidentiality {27}

Personal information in the database will be password
protected on a secure network. No identifying informa-
tion will be used in any analysis, report or publication.

Plans for collection, laboratory evaluation and storage
of biological specimens for genetic or molecular analysis
in this trial/future use {33}

Biological specimens will not be collected in this study.
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Statistical methods

Statistical methods for primary and secondary outcomes
{20a}

The study will be reported according to the CONSORT
statement and will include a CONSORT flowchart [48].

Baseline data will be described for each group sepa-
rately and the total cohort. Baseline differences between
groups will not be formally tested. The primary outcome
(difference in WORC between groups at 6 months) will
be analysed on an intention to treat basis using multivari-
able regression, adjusted for baseline WORC. The effect
of the intervention will be estimated as the adjusted mean
difference and its 95% confidence interval. The p value for
the primary analysis will be reported based on the null
hypothesis of no difference in shoulder pain and function
at 6 months post-surgery between the two groups.

Other outcomes and timepoints for the primary out-
come will be reported using regression adjusted for base-
line scores where applicable. Dichotomous outcomes
(e.g. complications) will be reported using logistic regres-
sion with no adjustments.

A secondary analysis including all WORC measure-
ments will be conducted using a repeated-measures lin-
ear mixed model including the treatment allocation, the
visit (timepoint), the treatment-by-visit interaction and
baseline WORC. A random subject effect or a repeated
effect will be included to model within-subject correla-
tions. A detailed Statistical Analysis Plan will be devel-
oped and published prior to unblinding and database
lock.

Eligible patients who decline inclusion in the ran-
domised trial will be invited to participate in a paral-
lel observational study. Those treated surgically will be
treated as per the intervention arm of the randomised
trial. The non-operative group will be treated as per usual
care. The observational cohort will be followed as per the
randomised study (time points and outcomes) with the
following differences:

+ Baseline assessments must be completed within 6
weeks of enrolment, rather than within 6 weeks of
the scheduled surgery.

+ Adverse events will not be collected as participants
will not be assigned any study intervention and will
be provided with unblinded “usual care”. Pre-deter-
mined complication outcomes as specified in sec-
ondary outcomes will still be obtained.

Data from this observational cohort will provide infor-
mation on the generalisability of the results of the ran-
domised trial and allow comparison between the control
group and matched non-operative care.
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Interim analyses {21b}
Unless requested by the DSMC, no interim analysis is
planned.

Methods for additional analyses (e.g. subgroup analyses)
{20b}

Exploratory analyses will be performed to analyse the
effect of tear size, concomitant procedures, surgeon and
repair type on the primary outcome (interaction).

Methods in analysis to handle protocol non-adherence

and any statistical methods to handle missing data {20c}
As randomisation occurs intra-operatively and the pri-
mary outcome is at 6 months, no crossovers and minimal
loss to follow-up are expected. A per-protocol analysis
and imputation for missing data will only be performed if
crossovers or loss to follow-up at 6 months (primary end-
point) are greater than 5%.

Plans to give access to the full protocol, participant-level
data and statistical code {31c}

The protocol will be published and the full protocol made
available on request. De-identified study data and the
statistical code will be made available upon reasonable
request, after publication.

Oversight and monitoring

Composition of the coordinating centre and trial steering
committee {5d}

The SC oversees overall study design and conduct and
comprises all investigators based in Australia. The SC will
meet at least every 6 months. The coordinating centre at
the Whitlam Orthopaedic Research Centre, supported by
the Ingham Institute for Applied Medical Research and
the University of New South Wales, oversees the trial’s
overall management, including protocol adherence, site
coordination, ethics and data management. It provides
organisational support and facilitates communication
between trial sites and oversight committees. The central
trial coordinator supports the trial’s daily operations.

The TMG oversees day-to-day trial management and
consists of 5 of the study’s investigators, including the
Coordinating Principal Investigator (CPI) the study’s two
second co-investigators and the central trial coordina-
tor. The TMG initially met monthly during trial set-up
and will meet every second month during recruitment
and until trial close-out. The TMG review trial conduct,
focusing on recruitment progress, data management,
protocol adherence, safety reporting and site perfor-
mance. Any protocol or site-specific issues identified will
be addressed through corrective actions to ensure com-
pliance and trial integrity.
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Composition of the data monitoring committee, its role
and reporting structure {21a}

The DSMC oversees data management and safety and
comprises a statistician, a shoulder surgeon and a rheu-
matologist. The DSMC will provide medical oversight
and expertise concerning recommendations for the
continuation, modification or termination of the trial.
The DSMC will be independent of the study sponsor,
will not be involved in the study, will declare any com-
peting interests and will not benefit in any way from the
results of this trial. The DSMC will monitor AEs and
SAEs to ensure the safety of participants. The DSMC will
meet annually or as required to provide study oversight.
The DSMC charter is available from the corresponding
author upon reasonable request.

Adverse event reporting and harms {22}

Adverse events (AE) (non-serious AEs / serious adverse
events (SAE)/ unexpected related serious adverse events),
Significant Safety Issues and Urgent Safety Measures)
will be collected, monitored and reported accordingly to
the Sponsor’s Delegate, relevant ethic committee(s) and
Research Governance Office(s). The safety reporting pro-
cedures will follow the latest version of The ARC Trial
Safety Management Plan.

An independent DSMC will conduct an annual review
of the trial data to assess participant safety and study
integrity, providing recommendations on whether to
continue, modify or stop the trial.

The DSMC will have access to unblinded data and data
on the primary outcome, AEs (after coding) and SAEs.
Data on complications will be recorded as outcomes, and
the DSMC will assess their severity and frequency.

Frequency and plans for auditing trial conduct {23}
Regular central monitoring of recruitment rates, with-
drawals, protocol deviations, safety reports and data
quality concerns by the study officer is planned and will
be discussed by the TMG and/or the SC or DSMC meet-
ings, with the outcomes of all meetings documented via
meeting minutes. A yearly monitoring report will be sub-
mitted to the trial Sponsor.

Plans for communicating important protocol amendments
to relevant parties (e.g. trial participants, ethical
committees) {25}

Any protocol amendments are approved by the TMG,
which is chaired by the Sponsor’s delegate, the Coordi-
nating Principal Investigator. All significant changes to
the protocol will be submitted to the relevant human
research ethics committee and communicated to all sites
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and investigators once approved. All protocol amend-
ment submission and approvals are filed in the Inves-
tigator Site Files as per GCP. Any protocol changes are
updated in the ANZCTR registry.

Dissemination plans {31a}

The Writing Committee will draft all manuscripts prior
to review by other investigators and comprises IAH, RSP,
RB, and JD. Authorship of all manuscripts will be granted
according to ICJME guidelines.

Study results will be published in a scientific journal
and presented at international meetings. Media coverage
will be promoted and sought to more widely communi-
cate the results. The trial involves many opinion leaders
in shoulder surgery nationally and internationally and
has been endorsed by the Shoulder and Elbow Society
of Australia (surgeons) and ANZMUSC (a musculoskel-
etal clinical trials network of clinicians, researchers and
consumers); working with members of these groups will
facilitate incorporation into practice guidelines and the
day-to-day practice of clinicians.

Discussion

The ARC trial will generate new, low bias evidence on the
efficacy of rotator cuff repair for patients with chronic
shoulder pain and non-acute (degenerative) rotator cuff
tears by using a high-fidelity placebo control to isolate
the active ingredient of the surgery (cuff repair) and by
maximising blinding of patients, carers, health care pro-
viders and investigators.

Trial status

This manuscript is based on Version 16 of the protocol
(15 July 2024). Recruitment began in April 2021 and is
expected to be complete by April 2026.
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