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1. Introduction

Shoulder pain is highly prevalent, being the third main complaint in primary care
settings.' > In fact, in developed countries, 1% of adults are expected to consult

primary care at some point in life due to shoulder pain.'

4-10

Problems in the rotator cuff tendons are very common,”'® mainly after the 4™ decade

of life,"!" and more than 80% of the population over 70 years,'> and it is estimated

that 65 to 70% of all shoulder pain complaints involve these structures."*

Rotator cuff tendinopathy is preceded with tendon disorganization and thickening that

leads to a reduction of its physical properties, and in more severe cases leads to

1,4,13

tendon rupture.'® Rotator cuff tears disrupt shoulder kinematics, and usually lead

10,14,15

to loss of function, dyskinesia, pain and stiffness, with a consequent negative

effect on the individual’s function and therefore quality of life.'*'®

Rotator cuff tears are the most common cause of pain and loss of function in overhead
activities,'"'® representing a huge burden for healthcare systems, insurance companies
and employers alike."""® Symptoms may vary according to size, location or type of
tear, with some people maintaining asymptomatic while others may have significant

levels of pain, as well as loss of function and strength."” In fact, from 5 to 40% of

people with asymptomatic shoulders may have full-thickness rotator cuff tears.'?

. . . . 1.20 .
Since conservative treatment is not always effective, ™ rotator cuff repairs are

1,4,25,26,10,15,17,20-24

commonly used surgical procedures and a procedure that is

: - 22,27
becoming more frequent in advanced ages.”™
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Rehabilitation plays an essential role in the recovery of rotator cuff repair,”

10,13,15,20,28-31 . . .
SRS and should be customized to the patients characteristics and

15,18,20,32

needs. Different aspects must be taken into consideration for functional

recovery, such as age, activity levels, extent and location of the tear, duration of

symptoms, prior muscle atrophy or fatty infiltration and concomitant

. 10,17,20,23,24,31,33
pathologies. ™~ 777

The primary goal of the rehabilitation is to relieve pain, restore function, range of
motion, strength,******!**3¢ balancing the need of protecting the repair and the need

of mobilization to avoid stiffness and restore normal function and

15,20,30,31,37,38

kinematics. This balance, however, is very delicate, as re-tears or failed

22,25,27,39

healing are very common after surgery , and therefore therapies must focus on

. . . . .. . 15.27.31
improving function without compromising the healing process. ™"

Assure an early passive range of motion is recommended by many authors to prevent

- S . 15,37,38,40-42
stiffness, one of the most frequent complications after rotator cuff repairs ™" as

well as joint adhesions and further tendon degradation. Conversely, longer
immobilization periods can promote tendon healing and reduce the rates of re-

32,37,38,43 . : . . e :
= 2%" There is no consensus on this matter, with an immobilization period of 6

tear.
weeks being the most common period advised.””** However, several studies found no
differences between them in function, pain, ROM or re-tears ratio, concluding that

222328,30,34,37,38,40,41 ‘
],22:23,28,30,34,37,38,40, Furthermore, some studies

early mobilization may be beneficia
demonstrate that early initiation of rehabilitation with active exercise does not appear

to affect patient-reported pain and disability outcomes in a short (< 3 months), mid (6
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months) or long-term period (> 12 months).***® Still, even within the early

mobilization group, there is no consensus on how early should the mobilization begin

- since day one to 2 days after, 1 week after, 5 weeks after.****!

Apart from the discussion between early or late passive mobilization, there is also no
. I 8-10,15,17,26,38 -
consensus on which rehabilitation programs are better. Several studies and

systematic reviews have been published on the subject, focusing mainly on the times

4,8,40-42,44,45,23,28-30,32,34,37,38

of progression. These studies all define a four-stage process

consisting of: a) immobilization, b) passive range of motion; c) active range of motion

9,15,20,28,33

and d) strengthening, with variable times of progression. The total duration

of the rehabilitation process is also variable, with some studies stating that it might

take up to 6-12 months to regain full strength.***°

Regarding rehabilitation setting, some studies suggest that home-based therapy, based

. . .. . . 21.26.46.47 C e e g
on exercise, could be as effective as clinic-based interventions.” ™"’ This is in line
with the recent trends in healthcare delivery, away from inpatient care and towards

home-based care with the intent of improving cost-effectiveness.

Given the high incidence and prevalence of shoulder rotator tears, and the associated

3,1648 -, - .
27 4t 1s essential to ensure the

morbidity, which represents a huge economic burden
access to cost-effective rehabilitation.*” In this regard, digital health solutions that
empower patients, maximize engagement and allow home-based rehabilitation

without the need for constant therapist supervision, could improve effectiveness and

lower the cost of rehabilitation.
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SWORD Health has developed a novel digital biofeedback system for home-based
physical rehabilitation (SWORD Phoenix®). Using inertial motion trackers, this
system digitizes patient motion and provides real-time feedback on performance
through a mobile app. It also includes a web-based platform that allows the clinical
team to prescribe, monitor and adapt the rehabilitation process remotely. This way,
the system allows patients to perform independent rehabilitation sessions at home
without the need for constant therapist supervision, ensuring remote monitoring

throughout the rehabilitation program.

2. Study Objective

The objective of the present study is to evaluate the clinical outcomes of a home-
based rehabilitation program using this system against conventional home-based
rehabilitation after arthroscopic rotator cuff repair. We hypothesize that the clinical
outcomes of such a program will be at least similar to those of traditional

rehabilitation.

3. Study Design

This study is a single-center, prospective, non-blind, parallel-group, randomized

controlled trial with an active comparator.

4. System technical specifications

The version of SWORD Phoenix used in this study is composed of the follow
components:
a) Inertial motion trackers: each one is composed of a three-axis gyroscope,

three-axis accelerometer and a three-axis magnetometer, allowing 3D
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movement analysis and quantification. The trackers communicate via
Bluetooth LE with a tablet computer.

b) Mobile App: a mobile app that processes the information generated by the
motion trackers and provides real-time biofeedback regarding movement
quality and patient performance.

c) Web-based Portal: a web-based platform that allows the clinical team to

prescribe motor tasks and monitor results.

Motion Trackers

The motion trackers are placed on body segments using Velcro®™ straps. Each motion
tracker is placed in a specific position. To assist in the correct placement of the
motion trackers, both the trackers and the matching straps are color-coded. In this

study, the following setup will be used:

- Red tracker: over the sternal manubrium

- Green tracker: on the medium third of the external surface of the upper arm,

pointing to the elbow

- Blue tracker: on the dorsal surface of the distal third of the forearm, pointing to

the hand

Mobile App

The mobile app guides the patient in each exercise session. Before each exercise, the
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patient is presented with a real-life video and audio explanation of that exercise. The
execution interface is subsequently shown. This screen features: a) a posture dummy
indicating correct/incorrect posture; b) a progress bar; c) a timer indicating rest time
between repetitions and prompting start when rest time is over; d) a repetition
counter; e) a star counter and f) a timer displaying time left to complete the exercise.
Only correctly performed repetitions count towards the repetition counter. A correct
repetition is defined as a movement starting at the baseline and reaching or surpassing
the specified target, without violating movement or posture constraints. In case the
patient violates a movement constraint, a message is prompted showing which
movement error was performed, so that the patient can correct the movement in the
following attempts.

For each correct repetition, the patient earns from 1 to 3 stars, depending on how
much he was able to surpass the target, as long as he has not violated any movement

or posture constraints.

Web Portal

The portal is a web-based platform that allows the clinical team to create new patient
profiles and create exercise sessions for each patient. When a patient performs a
session, the results are uploaded to the platform and available for review. Based on
this information, the clinical team can edit the parameters of each session and exercise

according to patient performance and progress.

5. Study Outcomes

The assessment of the effectiveness of treatments in shoulder conditions is

49,50

complex and should include not only the traditional clinical outcomes, such as
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joint measures, but also the assessment of functional deficits, through patient reported

49-51

outcome measures. Lately, there has been a shift towards the latter, which are

currently the primary outcomes of most research studies.*

The Constant Shoulder Score is one of the most used outcome assessment tools

. 1 49,50,52,53
worldwide, >

maybe due to the fact that it’s psychometric properties have been
widely studied,” and that it includes essential measures - physical assessment of
strength and motion - as well as patient-reported function.**** Additionally, it is
» 51

considered, in some studies, as a gold standard or “reference scale”,” and its

- . 49
extensive use allows for comparisons between study samples and results.

The DASH questionnaire also provides a very accurate assessment’ and has been
recommended to be the first line of assessment in shoulder disorders, due to its high
responsiveness and well-established benchmarks.”> The QuickDASH, its short
version, with 11 items, is also validated, and its psychometric properties are very high
and similar to the original long version.”>* The use of QuickDASH was analysed in
patients with a rotator cuff repair and was recommended to assess patients who

underwent a surgery process,” therefore applicable in the present context.

Although the use of patient-reported outcome measures is highly recommended,
conventional measures such as range of motion are still clinically relevant and critical
part of shoulder assessment.'>? Shoulder flexion, abduction, internal and external
rotations are the mainly cited movements, although with high variability in the

positions of measure.

Based on this evidence, the following outcomes will be measured:

a) functional assessment — Constant Score

b) patient-reported outcomes - QuickDASH
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c) range of motion of the shoulder (in degrees)

The outcome measures will be assessed pre-operatively, and then at 6, 12, 16 and 20
weeks after the surgery. In patients where a decision is made to extend the program to

24 weeks, another assessment will be made at this point.

5.1 Primary outcome
The primary outcome will be the change in patient functional assessment compared to

the baseline, measured through the Constant Score.

5.2 Secondary outcomes
The secondary outcomes will be:

- The change in patient reported function in comparison to the baseline,
measured by the QuickDASH score
- The change in shoulder range of motion in comparison to the baseline,

measured by the shoulder flexion degree in a sitting position (in degrees)

6. Sample size estimate

Sample size estimation was performed taking into consideration the primary outcome
measure — The Constant Score - and a non-inferiority scenario.

In the absence of similar studies, the calculations were made taking into account the
study by Arndt e al. (2012)*. This was a large study (n=100 patients) which
compared two different rehabilitation protocols after ARCR and which used the same

primary outcome as our study. In this study, the standard deviation of the Constant
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Score at baseline was 12.0. A Minimal Clinically Important Difference (MCID) of
10.4 was considered, based on the study by Constant et al. (2008).”

Considering a power of 90%, a two-sided 0.05 significance level and a 10% dropout
rate, 68 patients would be necessary to detect a 10.4 points difference between the

two groups.

7. Location of Recruitment

Patients will be recruited at Hospital da Prelada - Dr. Domingos Braga da Cruz.

8. Inclusion criteria

a) Patients over 18 and under 70 years old

b) Shoulder pain and functional limitation with clinical examination compatible
with reparable rotator cuff tear

¢) Imaging (MRI or ultrasound) evidence of rotator cuff tear (supra and/or
infraspinatus tendon tear inferior to Scm)

d) Indication for a rotator cuff repair according to the patient’s orthopedic
surgeon

e) Ability to understand simple and complex motor commands

f) Awvailability of a carer to assist the patient after surgery

9. Exclusion criteria

Preoperative
a) Patients with indication for revision cuff repair
b) Complex cuff tears (involving subscapularis tendon or more than one tendon

besides supra and infraspinatus, or massive dimension tears)
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©)
d)

e)

g)

Glenohumeral arthritis

Irreparable tendon defect

Patients with concomitant neurological disorders (ex. Stroke, Parkinson’s
disease, multiple sclerosis)

Aphasia, dementia or psychiatric comorbidity interfering with the
communication or compliance to the rehabilitation process

Respiratory, cardiac, metabolic conditions or others incompatible with at least

30 minutes of light to moderate physical activity

Postoperative

h)

)

)

k)

Irreparable tendon lesion

Major medical complications occurring after surgery that prevent the
discharge of the patient within 5 days after surgery

Other medical and/or surgical complications that prevent the patient from
complying with a rehabilitation program

Blind and/or illiterate patients

10. Methods for identifying and recruiting patients

All patients admitted for rotator cuff repair during the study period will be screened

for inclusion and exclusion criteria.

When a potential candidate is identified, the local investigator will approach the

candidate and explain the study in detail. The prospective candidate will be given the

patient information document and sufficient time to consider whether he wishes to

participate in the study.

Subsequently, the prospective candidate will be given opportunity to clarify any
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doubts, after which the informed consent form will be signed and dated in duplicate
by the patient and the investigator. Only then will the randomization and baseline

assessments be performed.

11. Patient allocation to study groups

For logistic reasons, the study will be restricted to patients living in a 20km radius
around the investigation center. Patient allocation to the two groups will be performed
in a random way, in a 1:1 ratio in blocks of six. This will be done using an online

randomizer (https://www.randomizer.org).

The allocation of patients to each group will be performed centrally by one
investigator - F.D.C. - and communicated to the responsible for data acquisition only
after patient enrollment. This investigator will not be involved in data collection or in

outcomes assessment.

12. Blinding

The nature of the study does not allow blinding of the patients regarding study groups.
However, participants will be blinded to the primary and secondary outcomes being
measured. All patient assessments will be performed by an investigator blinded for
randomization groups. Statistical analysis will be performed blinded for

randomization group.

13. Patient assessment

Patients will be assessed pre-operatively, and then at 6, 12, 16 and 20 weeks after the

surgery. In patients where a decision is made to extend the program to 24 weeks,
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another assessment will be made at this point. An assessment will also be made at 12

months after surgery.

13.1 Baseline assessment
Participant characterization will consist of:
a) Demographics (gender, date of birth);
b) Educational level (years);
c) Affected side
d) Injured structures
e) Size of tear
f) Date of surgery
g) Comorbidities
a. Factors affecting tissue healing: Smoking, Diabetes, Steroid intake
b. Other disorders: cardiac, respiratory, hypertension
c. Time between diagnosis and surgery
h) Body Mass Index
1) Constant score
j)  QuickDASH

k) Shoulder range of motion

13.1.1 Constant Score
The Constant Score is a functional assessment score specific to the shoulder
region, that varies between 0 and 100 points, being 100 the best score possible.

This total score is distributed in subjective assessments of pain and activities of
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daily living (15 and 20 points, respectively) and objective measures of shoulder
range of motion and strength (40 and 65 points, respectively).”

The Constant Score is the most used instrument to assess the shoulder in Europe
and its psychometric properties prove it to be a valid, reliable and responsive
measure.”®’ Kukkonen et al. (2013)° determined that the Minimum Clinical
Important Difference - MCID of the Constant Score for patients with

arthroscopically treated rotator cuff repairs was of 10.4 points.

13.1.2. QuickDASH

The shortened version of the Disabilities of the Arm, Shoulder and Hand
(QuickDASH) is an 1l-item self-administered outcome measure, specific to
measure disability and symptoms in individuals with musculoskeletal disorders of
the upper limb.”® Each item has a 5 option Likert scale, from “no difficulty” to
“unable to do” (1 to 5), and the total raw score is obtained through the sum of the
answers and then converted into a 0-100 scale with a negative orientation, in which
no disability indicates a score of zero and maximum disability a score of 100,
determining the functional activity level. It is an instrument widely used for
clinical or research purposes and which has proven to be a valid, reliable and
responsive measure.’ 43839 Eranchioni et al. (2014)* have determined the MCID

for the QuickDash in patients with study pain as 15.19.

13.1.3 Shoulder range of motion
The shoulder range of motion will be measured in the sitting position.
The system used in the study is a validated medical device for joint angle

measurement. Therefore, shoulder range of motion will be measured automatically
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by the system.

In this study, active range of motion will be measured in the following movements:

a)

b)

d)

Elevation of the shoulder in the scapular plane, sitting: with the patient sitting,
with the arm fully extended, have the patient actively raise the arm in the
scapular plane as much as possible, with extended elbow.

Sitting shoulder flexion: with the patient sitting, with the arm fully extended,
have the patient actively raise the arm as much as possible, with extended
elbow.

Sitting Shoulder Abduction: with the patient sitting, with the arm as close as
possible to the body, have the patient actively open the arm as much as possible,
with extended elbow.

Sitting Shoulder External Rotation: with the patient sitting with 90° bent elbow
and hand pointing forward, have the patient actively rotate the arm outwards, as

much as possible.

In order to achieve this, the investigator will need to:

1) Create a new patient in the Phoenix Portal

2) Prescribe these four different exercises, described above

3) Setup SWORD Phoenix

4) Ask the patient to perform five repetitions of each movement to the best of his

ability, while SWORD Phoenix records movement parameters

5) After the session, login to the Portal, go to the session’s results and click on

detailed results for each exercise. Record the value of best repetition for each

exercise in the patient file.
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13.2 Assessments at 6, 12, 16, 20 (and/or 24) weeks after surgery and assessment
12 months after surgery
These assessments will include:

a) Constant score

b) QuickDASH

¢) Shoulder range of motion (as described for the baseline assessment)

14. Intervention

Both study groups will receive early-onset home-based rehabilitation for 20 weeks,
starting two weeks after surgery.” This program can be extended for another 4 weeks

if necessary.

The experimental group will perform daily home-based rehabilitation sessions using
SWORD Phoenix, under remote monitoring by a physiotherapist, as well as home
one-to-one physiotherapy sessions, with decreasing periodicity depending on program

stage.

The conventional rehabilitation group will receive home-based rehabilitation provided
by a physiotherapist, 3 times a week, for 1 hour. Patients will also be instructed to
perform additional unsupervised sessions in at least two other days of the week.
Compliance to these additional sessions is not mandatory, but patients will be asked

to fill in a diary regarding these extra-sessions.

The intervention arm, additionally to the one-to-one sessions, will perform daily
home-based rehabilitation sessions using the system alone, under remote monitoring
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by a physiotherapist. Patients will be instructed to perform exercise sessions at least 5
times per week, but compliance to that frequency is not mandatory per protocol. The
number of sessions, daily adherence and total training time will be registered
automatically by the system and will be made available through the Web Portal, from
where it can be transcribed to each patient file. When required, additional visits or
telephone calls for technical assistance can be performed by the physical therapist.

These will be registered as such in the patient file.

In the absence of a gold standard, the rehabilitation protocols were designed taking
into account: a) a recent systematic review on the subject; b) a review of the concepts
and evidence-based guidelines on this subject by van der Meijden et al. (2012)"; c)
an overview of systematic reviews comparing early and conservative rehabilitation®®
and d) the protocol of the Massachusetts General Hospital for rehabilitation after

rotator cuff repair.

The rehabilitation program will be based on the principles outlined in the following
tables 1-4. In any case, these protocols can be tailored to the patient’s specific needs,

according to the assessment of the orthopedic surgeon and the physical therapist.
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Table 1. Immediate Post-op Phase

Rotator cuff repair program: Immediate

Post-op Phase (weeks 0 to 2) - Immobilization period

Goals

Precautions

Control pain and swelling
Protect the rotator cuff repair
Protect wound healing

Prevent shoulder stiffness

Do not lift the operated arm

Intervention

Conventional PT group

Experimental Group

Use of a sling during the day and during the night until week 4

Ice pack application to the operated shoulder for 15 minutes if necessary to reduce pain and

swelling several times per day

Promote the active movement of fingers, hand and elbow to increase circulation

Gentle pendulum exercises for three to five minutes every one to two hours

Table 2. Phase 1 of the rehabilitation program (weeks 2 to 4)

Rotator cuff repair program: Phase 1 - Immobilization period

Goals

Precautions

Control pain and swelling
Protect the rotator cuff repair
Protect wound healing

Prevent shoulder stiffness

Do not lift the operated arm

Intervention

Conventional PT group
2 weeks
2 face-to-face sessions per week

Experimental Group
2 weeks: 1 face-to-face session per week

Daily sessions with SWORD Phoenix

Ice pack application on the shoulder for 15
minutes to reduce pain and swelling

Active mobilization exercises of the scapula,
elbow, forearm and hand

Pendular exercises

Drainage massage, when needed

Intervention of the Control Group +
SWORD Phoenix Exercises:

- Scapula Elevation

- Scapula Protraction
- Scapula Retraction
- Elbow Flexion

- Forearm Supination
- Forearm Pronation
- Pendular Exercises
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Table 3. Phase 2 of the rehabilitation program (weeks S to 7/9)

Rotator cuff repair program: Phase 2 - passive mobilization

Goals Precautions
Maintain integrity of the repair No active elevation for the first six weeks
Avoid overstress healing tissue No lifting of objects
Gradually increase soft passive range of No excessive stretching or sudden
motion movements
Diminish pain and inflammation No supporting of body weight by hands
Prevent muscular inhibition Avoid resisted exercises and exercises in

Begin early shoulder motion coronal plane abduction

No mobilization of the shoulder for
flexion on the scapular plane (20° to 30°)
Reach 40° passive external rotation between 60° and 110° if rotator tear suture

Reach 120° passive scapular mobility

Reach 120° passive shoulder flexion Avoid shoulder external rotation until the
8" week if shoulder instability

Intervention

Conventional PT group Experimental Group
5 weeks
3 face-to-face sessions/week

5 weeks:2-2-2-2-1 face-to-face sessions*

daily sessions with SWORD Phoenix

Ice pack application on the shoulder for 15 Intervention of the Control Group

minutes to reduce pain and swelling n

Sub—maximal isometric st?engthening: SWORD Phoenix Exercises:
internal and external rotation at neutral
- Scapula Elevation

- Scapula Protraction
- Limit lying internal rotation to 30° in the - Scapula Retraction
scapular plane (20° to 30°) - Elbow Flexion

- Forearm Supination

- Forearm Pronation

Start soft passive ROM movements:

- Lying external rotation to 60° in the
scapular plane (20° to 30°)

- Lying shoulder flexion in the scapular
plane (20° to 30°)

When passive ROM starts to improve,
progress to soft active-assisted exercises
(lying flexion, external and Internal
rotation)

Exercises: Ball squeezes, AROM for
elbow, forearm and hand, scapular elevation
and retraction

Legend: * progressing to 1 session/week when possible

Patients may progress to the next phase after completing all passive range of motions

of the shoulder described with no pain associated.
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Table 4. Phase 3 of the rehabilitation program (weeks 8-10 to 12-14)

Rotator cuff repair program: Phase 3 - active movements

Goals

Precautions

Maintain integrity of the repair and avoid
overstress healing tissue

Gradually increase to assisted and active
range of motion

Progressive scapular stability
Progressive functional training

Restore full shoulder motion

Respect previous precautions
Do soft strengthening exercises under 1,5kg
Weight training precautions

Avoid excessive force on the shoulder

Intervention

Conventional PT group
5 weeks
3 face-to-face sessions/week

Experimental Group
5 weeks: 1 face-to-face session/week

daily sessions with SWORD Phoenix

Gradually progress to full ROM all planes:
increasing angles of abduction in external
and internal rotation and lying horizontal
adduction

Active-assisted arm flexion, progressing to
active shoulder flexion

Dynamic exercises:

- Side-lying and sitting external rotation;
- Side-lying and standing scaption

- Prone row, T, extension and scaption

- External Rotation

- Wall Slide

- Internal Rotation behind back

- Horizontal Abduction

Stretching:

- Prone extension

- Lying external Rotation/with abduction

- Lying/standing/sitting  active-assisted
Arm Elevation

- Standing forward flexion (“full can”)
exercise

- Supine Cross-Chest Stretch

- Wall slide Stretch

Intervention of the Control Group

_l’_
SWORD Phoenix:

- Scapula Elevation

- Scapula Protraction

- Scapula Retraction

- Elbow Flexion

- Forearm Supination

- Forearm Pronation

- Shoulder Flexion

- Shoulder External Rotation
- Shoulder Internal Rotation

- Shoulder Horizontal Abduction
- Arm circles with 90° flexion

- Push-up against a wall

Patients may progress to the next phase after completing all active range of motions of the

shoulder described with no pain associated.
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Table S. Phase 4 of the rehabilitation program (weeks 13-15 to 18-20)

Rotator cuff repair program: Phase 4 — strengthening

Goals

Precautions

Maintain integrity of the repair and avoid
overstress healing tissue

Progressive rotator cuff strengthening and
scapular stability

Progressive functional training
Re-establish dynamic shoulder stability
Re-establish scapulohumeral rhythm
Restore full shoulder strength

Gradually begin to return to normal activity

Respect previous precautions
Do soft strengthening exercises under 3,0kg
Weight training precautions

Avoid excessive force on the shoulder

Intervention

Conventional PT group
6 weeks

3 face-to-face sessions/week

Experimental Group
6 weeks:1-0-1-0-1-0 face-to-face sessions

daily sessions with SWORD Phoenix

Continue as above and progressively add:

- Shoulder Abduction to full
ROM

Theraband exercises:

- Standing external rotation
abduction)

- Standing internal rotation (at 90°)

- Standing shoulder flexion

- Standing forward punch

- Standing dynamic hug

- Standing W’s (external rotation with
elbow flexion)

- Standing Biceps curls

- Seated row

(at 0°

Dynamic strengthening exercises (first weeks
limit resistance to max 1,5 to 2,5 kg):

- Scapulohumeral rhythm exercises
- Side-lying external rotation at 0°
- Prone row, Scaption “Y”, Extension

- Standing forward flexion 1,5-2kg
(scaption)

- Standing external rotation at 90°
abduction

Intervention of the Control Group

+
SWORD Phoenix exercises (adding
Theraband or weight):

- Scapula Elevation

- Scapula Protraction

- Scapula Retraction

- Shoulder Flexion

- Shoulder External Rotation

- Shoulder Internal Rotation

- Shoulder Abduction

- Shoulder Horizontal Abduction
- Seated Press-up

- Push-up against a wall

- Diagonals to flexion

- Arm circles with 90° flexion

- Arm circles with 90° abduction

Note: * may be less if patient is progressing well

The rehabilitation program may be extended until 24 weeks, according to the

orthopaedic surgeon assessment.
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Schedule of face-to-face sessions

The following schedule depicts the number of face-to-face sessions according to the
“normal” protocol, not counting with the exceptions, ie, patient who can proceed to
the following Phases earlier.

Table 4. Face-to-face session schedule

Weeks Conventional PT Experimental
Immediate Post-op 1 0 0
Phase 2 0 0
Phase 1 - 3 2 1
Immobilization
Weeks 3 to 4 4 2 1
Total 4 Sessions (4) 2 Sessions (2)
Phase (accumulated)
5 3 2
Phase 2 - PROM g g ;
Weeks 5to 9 2 3 >
9 3 1
Total . .
Phase (accumulated) 15 Sessions (19) 9 Sessions (11)
10 3 1
Phase 3 - AROM E g }
Weeks 10 to 14 3 3 1
14 3 1
Total . .
Phase (accumulated) 15 Sessions (34) 5 Sessions (16)
15 3 1
16 3 0
Phase 4 — Strength 17 3 1
Weeks 15 to 20 18 3 0
19 3 1
20 3 0
Total . .
Phase (accumulated) 18 Sessions (52) 3 Sessions (19)
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15. Safety and adverse events

Patients in the active comparator group will receive face-to-face rehabilitation
sessions provided by a physical therapist. Therefore, patient safety will be ensured at
all times during the sessions. Patients will be able to report adverse events to their
physical therapist. Moreover, the patient’s orthopedic surgeon will be notified in case
of detrimental clinical progression, so that the patient can be re-evaluated.

For patients in the experimental group, safety of the remote sessions will be evaluated
through pain and fatigue scores (graduated from 0 to 10) collected at the end of each
session. These will be presented to the patient using the mobile App and will be
available for remote monitoring by their physical therapist. In case of excessive pain
or fatigue, patients will be contacted by their physical therapist to ascertain the cause
and change prescription if needed. Patients will also be asked to report any other
adverse events to their physical therapist by telephone. Moreover, the patient’s
orthopedic surgeon will be notified in case of detrimental clinical progression, so that
the patient can be re-evaluated.

The adverse events will be registered in the patient’s file (beginning date, resolution

date (if applicable), resolution state, severity).

16. Statistical analysis

To assess differences in clinical and demographic variables of the patients allocated to
the two study groups, independent samples t test or Mann—Whitney U test will be
used for quantitative variables. For qualitative variables, Chi-squared test or Fisher’s
exact test will be used.

Outcome analysis will be performed using a per-protocol analysis. The impact of the

interventions in the primary and secondary outcomes will be evaluated considering
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the change between baseline and week 20. Differences between the two study groups
will be performed using independent samples t test or Mann-Whitney U test.

Since outcomes will be measured in several different times during the rehabilitation
program, a repeated measures analysis will also be performed, using a 3x2 ANOVA

with group as an independent factor and time as a within-subjects factor.

17. Potential Risks and Benefits to Participants

There are no invasive procedures involved in this research protocol and, given the
nature of the intervention, no relevant risks are foreseen.

Both study groups will benefit from a 20-24 week rehabilitation program starting on
week 2 after surgery. This program will be based on the latest treatment guidelines
and will therefore represent the state of the art regarding rehabilitation after
arthroscopic rotator cuff repairs. Thus, both study arms are likely to benefit directly
from entering the study.

The experimental group will perform, in addition to the one-to-one physiotherapy
sessions, a home-based program using SWORD Phoenix. This program will be
tailored to their specific needs and be accompanied remotely by a physical therapist,
that will have access to patient performance data, as well as pain and fatigue scores as
rated by the patient at the end of each session. This allows the therapist to detect
adverse events and to act promptly. In case of detrimental clinical progression, the
patient’s orthopedic surgeon will be notified, and the patient will be re-evaluated, to
decide whether to continue the study. This ensures patients in the experimental group
are not subject to greater risk.

Participants will not receive any payments or reimbursements specifically for taking

part in this study.

Version 2.0
Date: 06/14/2018



SH-RCT-ARCR-01 Study Protocol

18. Confidentiality of Personal Data

Data collection for this study was authorized by the National Commission on Data
Protection, with the authorization number 5798/2018.

Personal data will only be accessible to authorized investigators in this study.
Personal data will not be entered into the database as part of this research. The clinical
data collected will only be linked to the patient by a unique study number and will
contain no personal identifiers. Informed consent will be obtained from participants to
collect and retain this data. The data that will be used for analysis and dissemination

for research purposes will be completely anonymized.

19. Ethical issues

All participants will be provided with information about the purpose and procedures
of the study and will give written informed consent before inclusion.
The study was approved by the Ethics Committee of Hospital da Prelada

(Authorization number 42-26/06/2018).

20. Dissemination of Results

The results of the study will be published in peer-reviewed scientific journal(s) and

presented at relevant national and international meetings.
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