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ABSTRACT

Introduction Rotator cuff injuries account for up to

70% of pain in the shoulder. However, there remains no
consensus on the best surgical treatment for patients with
rotator cuff injuries, in terms of the cost-effectiveness and
cost—utility of open and arthroscopic methods for rotator
cuff repair. The objective of this trial is to compare the
efficacy, cost-effectiveness and cost—utility of open and
arthroscopic procedures for rotator cuff repair.

Methods and analysis The trial is a two-group,
parallel-design, randomised controlled trial. A total of

100 patients with symptomatic rotator cuff lesions will

be allocated in either open or arthroscopic technique in

a 1:1 ratio, considering smoking (yes or no), lesion size
(«3cm or >3cm) and diabetes (present or absent) as
stratification factors. All patients will be included in the
same rehabilitation programme after the intervention.
The primary outcome measure will be the Constant-
Murley Score and the EuroQol-5D-3L score at 48

weeks postsurgery. Secondary outcomes include cost-
effectiveness, cost-utility, pain, complications and clinical
analysis, using the Simple Shoulder Test, Visual Analogue
Pain Scale (VAS), integrity of the repair evaluated through
MRI, and complications and failures of the proposed
methods. For the cost-effectiveness analysis, we will use
the VAS and the Constant-Murley Score as measures of
effectiveness. For the cost—utility analysis, we will use
the EuroQol-5D-3L as a measure of utility in terms of
incremental cost per quality-adjusted life-years.

Ethics and dissemination The study has been approved
by the local research ethics committee of both institutions:
Hospital Israelita Albert Einstein and Hospital Alvorada
Moema/Hospital Pro-Cardiaco. The results will be
published in a peer-reviewed, open access journal.

Trial registration number NCT04146987.

INTRODUCTION

Background and rationale

Musculoskeletal injuries are a major cost
to the healthcare system. North American
data estimate that approximately 4.5million
patients annually seek medical attention due
to shoulder pain; of these, 2 million have

Strengths and limitations of this study

» This study is a prospective, randomised trial, which
is the best study design to address the research
question.

» Methodological analysis is the best option to deter-
mine cost-utility and will provide strong evidence.

» It will provide surgeons and healthcare providers
with important information about the surgical tech-
nique and the cost-effectiveness and cost—utility of
the technique.

» This study will provide important information about
rotator cuff healing and retear rates, which remain
unclear in the literature.

» The lack of blinding of patients and surgeons is a
limitation of the study design.

some symptoms related to the rotator cuff.
About 250000 rotator cuff repair surgeries
are performed annually in the USA, and
with the continued increase in life expec-
tancy and ageing this number is expected
to increase."™ An evaluation of the primary
healthcare system in Cambridge, UK showed
that the average frequency of shoulder pain
was 9.5 per 1000 individuals.* Of these, 86%
had rotator cuff tendinopathy.

The rotator cuff is a group of four muscles
and their tendons that act to stabilise the
shoulder and allow for extensive range of
motion. Four muscles and their attached
tendons make up the rotator cuff: subscapu-
laris, supraspinatus, infraspinatus and teres
minor. The long portion of the biceps tendon
also contributes to cuff function, which is to
stabilise the humeral head in the glenoid
cavity, preventing superior migration of the
humeral head.”

Possible lesions range from tendon degen-
eration (tendinosis/tendinopathy), through
partial tear (articular, interstitial or bursal),
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to complete tear. The aetiology is multifactorial and the
main factors associated with tears are tendon degenera-
tion related to ageing, trauma, tendon insertion hypo-
vascularity and genetic factors.”® Since most lesions are
due to wear and degeneration related to ageing, people
over 40 years are at greater risk.” Diagnosis is made by
associating history and physical examination, along with
imaging methods. MRI is considered the method of
choice.”™"”

Treatment of rotator cuff lesion depends on the type of
tear, the patient’s functional capacity, age and presence of
symptoms. In general, tendon degeneration and partial
tears are treated non-surgically with physiotherapy, injec-
tions and analgesic medications. Complete and incom-
plete tears that did not respond well to conservative
treatment, however, might be treated surgically.” '* '**2

Among the surgical options, the open method is still
considered the gold standard, with good or excellent
results in over 90% of cases.”* Due to arthroscopy and
the evolution of arthroscopic instruments and implants
in the last two decades, the arthroscopic repair technique
has gained space and is widely used. Some studies® > did
not show superiority of one technique over another in
terms of clinical outcomes. On the other hand, since the
cost of arthroscopic surgery is supposedly higher due to
the required equipment, it is important to establish which
option has the best cost-utility ratio. Other published
studies suggested that the open method is superior to
the arthroscopic method in relation to cost-utility.””** To
date, no study in our country has assessed the cost-utility
of the two techniques; considering that the open tech-
nique is being left behind, it is important to determine if
this technique remains a viable, reliable and cost-effective
option for treatment of rotator cuff tears.

Objectives

Despite the high incidence of rotator cuff tears, there is
no consensus on the best method of repair, and neither
on which method is the most cost-effective and has the
best cost—utility ratio. Therefore, the present study aims
to compare the open and arthroscopic methods for
rotator cuff repair and determine which has better cost-
effectiveness ratio.

Trial design
The trial will be a prospective, randomised controlled
clinical trial.

METHODS

This randomised controlled trial will follow the Consol-
idated Standards of Reporting Trials statement.”’ The
protocol was developed following the Standard Protocol
Items: Recommendations for Interventional Trials guide-
lines.*! It will be performed at Hospital Alvorada Moema
(Shoulder and Elbow Surgery Center of Excellence) in
Sao Paulo, Brazil. The cost analysis will be performed
by a team from Hospital Israelita Albert Einstein in Sao

Paulo, Brazil. The project was approved by both hospi-
tals’ research ethics committee and registered at Clinical-
Trials.gov.

Sample size

The sample size estimate was obtained to detect differ-
ences between the open and arthroscopic repair groups
in relation to the primary outcome of the study, Constant-
Murley Score (CM) after the intervention. Kukkonen et
als study” estimated the minimal clinically important
difference in CM score at 10.4 points in patients with
rotator cuff rupture after 3 months of surgical treatment
by the arthroscopic method. The estimated sample size
of 45 patients per group, for a total of 90 patients, would
reach 90% power to detect a 10.4 difference between the
groups using the CM instrument postoperative score,
with an SD of up to 15 points and a significance level of
5% using Student’s t-test. Predicting a loss of around 10%
at 12 months of follow-up, we aim to recruit 50 patients
per group (PASS software™).

Inclusion criteria

All patients 18 years of age or older presenting with
complete rotator cuff tear or a partial rotator cuff tear
of at least 50% of tendon thickness, with symptoms (pain
and/or weakness) and where conservative therapy failed,
will be included. The tendon tear will be confirmed by
MRI.

Exclusion criteria

Patients with previous shoulder surgery, previous frac-
tures in the affected shoulder, those with limitation in
passive range of motion (joint stiffness with an elevation
of 90° or less), radiographic signs of glenohumeral osteo-
arthritis or neurological injury will be excluded. Patients
will also be excluded if they do not wish to participate or
are unable to understand or sign the informed consent
form (due to conditions such as cognitive impairment or
mental illness) or if there are any medical conditions that
contraindicate any of the surgical methods.

Randomisation and allocation

After eligibility assessment, all patients will be informed
about the nature and purpose of the study and will only
be included after agreeing with the study and signing
the informed consent form, which will be obtained by
the surgeon who evaluated the patient and indicated the
surgery. Patients will be consecutively allocated to one
of two proposed treatment methods: open rotator cuff
repair or arthroscopic rotator cuff repair. The R software
was used to generate a randomisation list, considering
100 patients to be included in the study and the same
probability of allocation for both methods of surgery
(open and arthroscopic repair). A stratified randomi-
sation will be performed using the following variables
(strata): smoking (yes or no), size of the lesion (<3cm or
>3 cm) and diabetes (present or absent). Randomisation
will be performed by the REDCap platform (Research
Electronic Data Capture; Vanderbilt University, Nashville,
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Tennessee)® * after the patient has been anaesthetised

and prepared for surgery. A person not associated with
the study will open the software and acquire one of the
two techniques possible and tell the surgeon who will
perform the surgery.

Recruitment

All patients scheduled to be treated by the shoulder
surgeons at Hospital Alvorada Moema (Shoulder and
Elbow Surgery Center of Excellence) will be enrolled in
this trial.

Blinding

Due to the type of intervention, neither the participants
nor the treatment providers can be blinded to treatment
allocation. The assessment of primary and secondary
outcomes (CM, EuroQol-5D-3L, Visual Analogue Pain
Scale (VAS) and Simple Shoulder Test (SST)) and
patient-reported outcomes will not be blinded. One of the
authors (RP) will assess all other clinical outcomes. The
statisticians conducting the analyses will be blinded to
treatment status until the analyses have been completed.

Patient and public involvement

Patients and the public were involved in the design and
development of this study. Participation will first occur
upon contact between the surgeon and the patient, which
is when they will be informed about the study and decide
whether or not to participate. At this time, they will be
informed about the purpose and importance of the
study. During the entire follow-up, patients will be able
to enquire with the researchers and surgeons about the
project and to make suggestions and complaints about it.
All outcome measures will be self-reported. Patients will
be assisted by one member of the research team if they
have any questions or doubts.

Since the authors agreed to publish the results of this
research, patients will not be involved in the dissemina-
tion. However, they will be encouraged to disseminate the
knowledge in the community.

Intervention methods

Five surgeons with at least 4years of surgical technique
experience will participate in this study (EFC, MTCA,
RP, BAM, VR). Also, shoulder and elbow surgery resi-
dents as well as orthopaedics and traumatology residents
at Hospital Alvorada Moema and shoulder and elbow
surgery residents at Albert Einstein Hospital may partici-
pate in the surgery.

Open surgery

Patients will be positioned in a beach chair position
with the affected limb hanging off the edge of the table,
allowing manipulation and full range of motion. After
standard patient preparation, an anterolateral incision
will be made on the shoulder; the deltoid muscle belly
will be gently divided along its fibres until exposure of
the subdeltoid/subacromial bursa, which will be partially
excised to expose the subacromial space and rotator cuff

tendons. After mobilisation and release of the ruptured
tendons and debridement of the rotator cuff footprint,
the tendon repair to the bone will be performed using
5.5mm metal anchors (‘Super Revo’, CONMED, USA),
according to the preference and technique chosen by the
surgeon. In all cases, the release of the coracoacromial
ligament and acromioplasty will be performed.

Arthroscopic technique

Patients will be positioned in lateral decubitus position,
with the limb to be operated attached to a skin traction
device and 7 kg maintaining the shoulder in the following
position: abduction of 30°-60° and flexion of 20°-30°.
After standard patient preparation, a posterolateral inci-
sion will be made on the shoulder for optic introduction,
with 50 mm Hg pressure pump and 0.90 flow, and inspec-
tion of the glenohumeral joint. After establishment of
all required arthroscopic portals, joint inspection will be
performed, and any associated pathologies, if present,
will be addressed. With the use of shaver blades, partial
bursectomy will be performed and any adherence to the
tendon stumps will be released, as well as debridement of
the rotator cuff footprint. The tendon will then be rein-
serted to the bone using metallic 5.5 mm anchors (‘Super
Revo’, CONMED), according to the preference of each
surgeon. The technique used, as well as suture configu-
ration and type of knot used, will be determined by the
surgeon according to their preference. After tendon
repair, the coracoacromial ligament will be released and
acromioplasty will be performed.

Postoperative rehabilitation
All patients will undergo the same postoperative reha-
bilitation protocol: use of Velpeau sling for 6 weeks;
pendulum exercises starting on the 2nd week; active
movement and recovery of the range of motion from the
6th week; and strengthening from the 12th week.
Patients will be oriented to perform home exercises and
to be assisted by a physiotherapist twice a week from the
sixth week of surgery and on. Approximately 30 sessions
of physical therapy will be expected.

Outcome assessment

Study data will be collected and managed using REDCap
(Vanderbilt University) hosted at Hospital Israelita Albert
Einstein.** % REDCap is a secure, web-based software
platform designed to support data capture for research
studies, providing (1) an intuitive interface for validated
data capture; (2) audit trails for tracking data manipula-
tion and export procedures; (3) automated export proce-
dures for seamless data downloads to common statistical
packages; and (4) procedures for data integration and
interoperability with external sources.

All study participants will be evaluated preopera-
tively, at hospital discharge, and at 1, 2, 6, 24 and 48
weeks after the intervention. The CM, VAS, EuroQol-
5D-3L and SST questionnaires will be filled out by the
patient and assessed by the evaluators assigned to the
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intervention. The endpoint of cost—utility analysis will
be 48 weeks; clinical outcomes will also be assessed at 6
and 24 weeks.

To prevent loss to follow-up, all patients will be moni-
tored by the REDCap software and alerts will be sent to
each patient near time points defined by the investiga-
tors: 1 week before every medical consultation and at the
12th week during the rehabilitation process. If the patient
fails to fill in any questionnaire or does not attend the
medical consultations, the patient will be contacted by
phone and email. If a patient becomes not reachable at
any time of follow-up, we will consider a lost to follow-up
scenario, where in accordance with the intention-to-treat
principle appropriate statistical methods for data analysis
which consider unbalanced data and loss to follow-up,
such as the generalised estimating equation model, will
consider all patient observations, even if they fail at some
time. Thereby, these patients will not be excluded and all
data will be considered.

Primary outcome

The Brazilian Portuguese version of the CM™ will be
measured preoperatively and at 6, 24 and 48 weeks after
the intervention. Research assistants (not blinded to the
aim of the study) will ask the patients to fill in the CM
form validated in Portuguese and measure the range of
motion with an analogical goniometer. The CM scale
covers different domains of shoulder function (pain,
activities of daily living, range of motion and power),
scoring each of them. The score ranges from 0 to 100,
with higher scores indicating better function.” CM is one
of the most commonly used scales to score shoulder func-
tion and is considered the gold standard in Europe.”” *
It is reliable in the detection of shoulder improvement
after surgical procedures, and its strong correlation with
shoulderspecific diseases, especially rotator cuff, and
its reliability make it a good scoring system for clinical
research.

The EuroQol-5D-3L (European Quality of Life), a
generic score developed to describe health-related
quality of life,”” will also be assessed preoperatively and
at 6, 24 and 48 weeks postoperatively. This score includes
five health domains: mobility, self-care, usual activities,
pain/discomfort and anxiety/depression. Each domain
has three levels: no problem, some problems and
extreme problems. In addition, the EuroQol-5D-3L has
a visual analogue scale where the participant assigns a
value between 0 and 100 to his or her own health condi-
tion, where 100 means ‘the best imaginable health status’
or ‘the best health state you can imagine’ and 0 means
‘the worst imaginable health state’ or ‘the worst health
state you can imagine’. This is used to obtain a respon-
dent’s stated preference values, not to record their own
health state.” At the end of its application, the EuroQol-
5D-3L will provide a unique numerical value that can be
used for longitudinal comparison between different time
periods.

Secondary outcomes

Clinical outcomes will also be assessed by SST, validated
in Portuguese,m preoperatively and at 6, 24 and 48 weeks
after the procedure. SST is a simple, quick and widely
used questionnaire for shoulder function measurement;
it consists of 12 dichotomous questions answered by the
patients themselves. Each positive answer (yes) is given
a score. At the end of the questionnaire the percentage
of positive answers (score) is obtained, and the higher
the percentage the better the shoulder function. Other
outcomes measured will be VAS at hospital discharge and
at 1, 2, 6, 24 and 48 weeks after the intervention. This
scale allows pain intensity to be measured with maximum
interobserver reproducibility. It consists of a 10cm
straight line, with the ends determining the limits of pain
sensation (no pain; worst pain ever experienced); the
distance between zero (no pain) and the patient’s demar-
cation defines the intensity of pain.*!

Complications and failures of the proposed methods
will also be assessed. Failures will be characterised as the
need for additional surgical procedures and/or change
of the initially proposed procedure. Patients who, for
any reason, demonstrate treatment failure or require
additional interventions will be followed up and their
results included in the group in which they were initially
randomised, according to the intention-to-treat principle.

At the final follow-up (48 weeks), the integrity and
healing of repaired rotator cuff will be assessed by MRI.

Cost-effectiveness

Cost-effectiveness and cost—utility analyses will be assessed
by estimating the direct and indirect costs to the private
healthcare system at 48 weeks. The perspective adopted
in the study will be social costs, the direct and indirect
medical costs. The set timeframe will be 48 weeks and a
sensitivity analysis will be performed with the cost data,
considering 0%-5% discount rate to define the optimal
discount rate for the data, according to the methodolog-
ical guidelines for economic evaluation of health tech-
nologies by the Brazilian Ministry of Health."”*™ Direct
medical costs include hospitalisation costs, costs related
to arthroscopic instruments (eg, cannulas, shaver blades,
suture passer, ablator), medical fees and medication costs.
Indirect costs include costs of absence from work, which
will be estimated by the patient-reported number of days
away from work multiplied by the average wage rate of the
current year. The costs will be converted from Brazilian
reais to US dollars and brought to the cost schedule of
the current year to avoid the inflation having an effect on
the analysis of medical inputs. For the cost-effectiveness
analysis, the VAS and the CM will be used as measures
of effectiveness. For the cost—utility analysis, the EuroQol-
5D-3L will be used as a measure of utility. The timetable of
outcomes assessment is described in table 1.

Data analysis
Descriptive analyses of variables will be based on absolute
frequencies and percentages for categorical variables,
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Table 1 Timetable of assessment

Study period

Enrolment Allocation Postallocation

Close-out

Time point 0 0

Surgery

1week 2weeks 6weeks 24weeks 48weeks

Enrolment
Eligibility screen
Informed consent
CM, EQ-5D, SST
VAS
Allocation X

X X X X

Interventions

x

Open repair
Arthroscopic repair X
Assessments

CM, EQ-5D, SST

VAS X
MRI X

Complications X
Economics X

X X X X
X X X X

X X X X X

CM, Constant-Murley Score; EQ-5D, EuroQOL-5D-3L; SST, Simple Shoulder Test; VAS, Visual Analogue Pain Scale.

and summary measures as mean and SD or median and
quartiles, as well as minimum and maximum values for
numerical variables.* Clinical scores will be represented
by individual profile graphs separately by the surgical
technique group.

The groups will be compared according to the pres-
ence of categorical clinical outcomes (failures, compli-
cations and healing integrity) by x* or Fisher’s exact
tests, depending on the distribution observed after data
collection.

For inferential analysis of continuous variables of clin-
ical outcomes, mixed models will be used, and if the
normal distribution is not adequate generalised mixed
models will be used.*® The models will have time effects
(preoperative and 6, 24 and 48 weeks after intervention),
surgical technique group (open repair or arthroscopic
repair) and the interaction effect between time and
group. The size of the lesion (<3 cm or >3 cm) will also
be included in the models as a control variable, seeking
to avoid possible biases.

Analyses will be performed using the SPSS V.24.0
program47 considering a significance level of 5%.

Safety

There will be no benefit to participants beyond what is
expected from correcting the rotator cuff tear, expecting
an improvement in pain and function of the affected
shoulder. The risks of the present study are those inherent
in any surgical treatment and anaesthetic procedure,
such as surgical wound infection, scar formation, pain,
decrease in shoulder range of motion, rotator cuff tear
and neurovascular injury. If any complications occur, all

patients will be treated by the same surgical team until the
complication is healed.

Both surgical techniques have the same goal, that is,
to repair the ruptured tendon to the bone. The open
technique requires a larger incision, as well as greater
surgical dissection and manipulation of the deltoid
muscle, which may cause greater postoperative pain
and weakness of this muscle, in addition to causing a
slightly larger scar. However, it provides great visualisa-
tion and manipulation and mobilisation capability of
the ruptured tendon, providing a safer and tension-free
repair.

The arthroscopic technique is performed with some
point-shaped cuts in the shoulder, usually three or four.
Due to the smaller incisions, it requires less muscle
manipulation, which theoretically would cause less post-
operative pain and less muscle weakness of the deltoid
muscle. It also results in minor scars. However, this tech-
nique requires more surgeon experience and the mobili-
sation of the ruptured tendon (s) is limited. Using a large
amount of saline may cause oedema on the operated
shoulder, which usually resolves after the first 12 hours of
surgery.

Finally, there is minimal risk of loss of data confiden-
tiality; all data will be managed, stored and protected by
REDCap software.”* Only the main investigator will have
access to all the data during the entire trial period. Any
adverse event will be reported to the researchers involved
and communicated to the main investigator according to
the institutional review boards description.
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Ethics and dissemination

The study has been approved by the local research
ethics committee from both institutions: Hospital Isra-
elita Albert Einstein (CAAE 19182619.3.1001.0071) and
Hospital Alvorada Moema/Hospital Pr6-Cardiaco (CAAE
19182619.3.2002.5533).  Digital, informed consent
(online supplemental material) to participate will be
obtained from all participants through the REDCap soft-
ware.** ¥

This study was developed and will follow the Interna-
tional Conference Guideline for Good Clinical Practice
to ensure that the data and the results are credible and
that the rights, integrity and confidentiality of the trial
subjects are protected and respected.*® *

All authors agreed to publish the results of the present
study in a peerreviewed, open access journal, regardless
of the results and conclusions found. All data will be avail-
able on request.

DISCUSSION

There is no consensus on which surgical treatment for
patients with degenerative rotator cuff injuries is the most
cost-effective. Several studies®” ***! suggest that the open
repair method is more cost-effective than the arthroscopic
method and results in the same clinical outcome at a
lower cost. Adla et af” in a prospective, non-randomised
study showed that both techniques lead to the same
clinical outcomes. The cost of arthroscopic surgery was
higher than open surgery, mainly due to the cost of the
suture anchor, which was used only in the arthroscopic
group. It is important to note that, in most of the open
surgeries, repair was performed through transosseous
sutures. Kose et al® in a retrospective study also demon-
strated similar clinical outcomes, although the cost of
arthroscopic procedure was much higher. Importantly,
the open repair technique was performed using transos-
seous sutures and the arthroscopic method using suture
anchors. Also, the open repair group required longer stay
at the hospital. Hui ¢t af’ in a retrospective cohort study
described a significantly higher cost for the arthroscopic
procedure, compared with the open repair, evaluating
only the in-hospital costs, but with the same clinical
outcomes. However, it is important to emphasise that
open repair was performed using transosseous sutures,
without suture anchors, and that the arthroscopic group
needed a longer surgery time. Churchill and Ghorai®'
using the New York Ambulatory Database System, with
a total of 5224 cuff repair surgeries, of which 1334 were
open repair and 3890 were arthroscopic repair, showed
that the mini-open rotator cuff repair costs significantly
less than the arthroscopic repair and requires signifi-
cantly less surgical time. However, no clinical outcomes
have been analysed in this study, making it impossible
to determine the cost-effectiveness ratio. An important
study by Carr et al* carried out as a prospective multi-
centre randomised clinical trial concluded that there is
no difference in the effectiveness and cost-effectiveness

between open repair surgery and arthroscopic surgery
after 24 months of follow-up, even with the higher initial
costs with arthroscopy surgery. An economic evaluation
of the data from this study was carried out showing that
the incremental cost-effectiveness was uncertain and that
arthroscopic repair surgery was slightly more costly and
less effective than open repair surgery.

Thus, despite the high incidence of rotator cuff
tear, there is insufficient evidence to determine the
best method for treating these injuries. The present
study proposes to answer the clinical question of which
method, open or arthroscopic, has the best cost-utility
in the surgical treatment of rotator cuff tear, providing
conclusive, good-quality evidence for and contributing to
the evidence base of methods used to treat rotator cuff
injuries.

Trial status

» Protocol trial version: 5; date: 11 December 2020.
» Recruitment start date: August 2020.

» Recruitment estimated end date: December 2021.
» Recruiting.

Registry

The project is registered at the ClinicalTrials.gov database
(https://clinicaltrials.gov/ ct2/show/NCT04146987?
term=NCT041469878&draw=28&rank=1).

Dissemination policy
All the authors are committed and agree to publish the
full results of the research regardless of the final results.

Data monitoring committee

Since this trial has a short duration and both surgical
techniques have known minimal risks, there is no need
for a data monitoring committee.
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