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APPENDIX 1. Techniques included in the rehabilitation program 500 
 501 
All interventions were conducted at the laboratory of clinical evaluation of the CIRRIS (Center for Interdisciplinary Research 502 
in Rehabilitation and Social Integration) and were supervised by the same physiotherapist.  503 
Home exercises were performed without supervision in a prescriptive approach, but all of them were taught and practiced 504 
with supervision. Participants always reported how many times the prescribed exercises were performed at home since 505 
the last intervention.  506 
  507 

Part A. SENSORIMOTOR TRAINING 
2 to 3 sets of 3 to 10 repetitions 

Shoulder control exercises with progressive complexity in terms of movement plane (frontal, sagittal and scapular planes), ROM, 
speed, and resistance were implemented to re-educate participants concerning the adequate movement control and to correct 
kinematic alterations.37, 39 These exercises were graded through a combination of the type of movement (active-assisted, active, 
active), resistance level (no resistance, with external resistance); and visual feedback (with or without).37 Thus, exercises 
progressed from “active-assisted, no resistance, with feedback” to “active movement, with external resistance, without feedback. 
Exercises in ascending movement were performed first to avoid shoulder overload. Progression regarding the number of repetitions 
(three, five, and 10 repetitions) was determined by the absence of painful symptoms to perform the previous level. Progression in 
the number of sets (from 1 to 3) was defined by the quality of motion evaluated by the ability to elevate the injured arm without 
compensatory body movements, suggesting a proper shoulder control. Thereafter, goal-directed functional reaching tasks were 
performed to retrain movements requiring upper limb coordination. Work- or sport-specific re-education was also performed 
according to the participant’s sports activities.  
Exercises Description Illustrations 
1. Arm elevation in 
the frontal plane 

Keep the arm straight, thumbs up, 
and slowly raise the arm until 90º of 
vertical abduction or close to the 
painful point, without shrugging or 
elevating shoulder. 

  
2. Arm elevation in 
the sagittal plane 

Keep the arm straight, thumbs up, 
and slowly raise the arm as far as until 
90º of forward flexion or close to the 
painful point, without shrugging the 
shoulder. 

  
3. Arm elevation in 
scapular plane 
(scaption) 

Keep the arm straight, thumbs up, 
and slowly raise the arm as far as until 
90º of scaption or close to the painful 
point, without shrugging the shoulder. 
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4. Arm elevation in 
diagonal planes 

With arm straight and hand at the 
contralateral waist level, raise the arm 
upward and away from your body. 
Follow the hand motion with your 
eyes. 

  
5. Shoulder 
external rotation 
with arm in 
abduction (45 – 
90º) 

Place the arm in abduction at or 
below shoulder level, elbow bent at 
90º, and arm in internal rotation 
parallel to the ground with palms 
down toward the floor. 
Rotate the forearm backward, 
keeping elbow at 90º, without 
shrugging or elevating shoulder. 

  
Phase 1: active-assisted movement, no resistance, with manual, verbal and visual feedback. 
Phase 2: active movement, no resistance, with manual, verbal and visual feedback. 
Phase 3: active movement, external resistance, with verbal and visual feedback. 
Phase 4: active movement, external resistance, with verbal feedback. 
Phase 5: active movement, external resistance, without feedback 
Exercises Description Illustrations 
6. Scapular girdle 
posture control 

Relax the body in flexion of trunk. 
Then, with arms alongside the body, 
correct your posture by bringing the 
chin in a tuck position, while placing 
the spine straight up and pulling 
shoulder blades down and back.  
Emphasis on keeping the motion 
horizontal, avoiding tilting the head 
back or looking at the ceiling, and 
avoiding shoulder elevation.   

7. Cervical 
retroaction for 
postural re-
education 

Seated straight up, slowly move your 
head straight back and keep the chin 
in a tuck position while pulling 
shoulder blades down and back. 
Hold the position for 3-5 seconds. 
Emphasis on keeping the motion 
horizontal and avoiding tilting the 
head back or looking at the ceiling. 

   
8. Scapular position 
control during 
shoulder extension 

Grasp the extremities of the band with 
both hands. With elbow straight and 
slightly apart of the body, rotate the 
arms externally and extend your arms 
backward, not shrugging the shoulder 
and not surpassing the level of 
buttocks.  

  
9. Scapular position 
control during 
external rotation in 
lateral decubitus 

Lying sideways with one arm holding 
a dumbbell and the other hand under 
the ear so that you can rest your head 
on it. Keep the elbow of the arm 
holding the dumbbell at 90º flexion 
and the other arm parallel to your 
trunk.  
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The upper arm will be parallel to the 
floor and stationary by your trunk. 
Thus, the hand holding the dumbbell 
will be in front of you.  
Then, rotate externally your forearm 
lifting the dumbbell without moving 
the trunk and shoulder. As you 
breathe, slowly return to your starting 
position. 

 

10. Wall Push-Up  Facing a wall, standing a little farther 
than arm’s length away, elbow in 
semi-flexion, and feet shoulder-width 
apart. 

 Lean your body backward, by 
straightening the arms, and 
spreading both scapulae. 

 Hold the position for 1-2 seconds. 
 Breathe out and slowly reposition the 

scapula. 
  

11. Scapular control   Standing with elbow flexed at 90º, 
holding a light resistance elastic 
band with both hands shoulder-width 
apart. 

 Move both hands up to eyes level or 
at the painful point, without losing the 
elbow angle (90º) and without 
elevating shoulder. 

 Hold the final position for 5 seconds, 
then, return to the initial position 
slowly. 

 2 sets of 3 consecutive repetitions. 
 Progression should increase the 

number of sets. 

  

  508 
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 509 
Part B. RESISTED EXERCISES 

1 to 3 sets of 10 to 15 repetitions. 
Accounting for 10% to 20% of each physiotherapy session, extremities weight and resistance elastic tubes were used to strengthen 
rotator cuff muscles and scapular stabilizers, especially internal and external rotators, lower trapezius and serratus anterior, in a 
pragmatic approach. Exercises progressed according to the following phases: (a) phase 1, humerus in a neutral position (below 
45º of elevation) to improve the depression function; (b) phase 2, ascending arm movements (above 45º); (c) phase 3, higher-level 
exercises (endurance training using Bodyblade [Mad Dogg Athletics, Venice, CA, USA] at multiple levels of arm elevation, and trunk 
strengthening).28, 29, 37, 39 Progression of the resistance elastic band exercises2 was defined as follows: participants started in phase 
1, using a light resistance elastic band (yellow non-latex TheraBand Hygenic Corp, Akron, OH, USA) to perform three sets of 10 to 
15 repetitions. When three sets were easily performed, without a substantial feeling of pain or fatigue,28, 29, 48 resistance (next color, 
red and green non-latex TheraBand) were added, progressively. Participants progressed to phase 2 when exercises from phase 1 
were performed with a medium resistance band (red and green non-latex TheraBand) without pain or compensatory movements. 
Lastly, participants should perform phase 2 without increasing symptoms for one week as requirements to advance to phase 3. 
Exercise Description Illustrations 
Phase 1 (light resistance: yellow and red elastic band) 
1. Resisted shoulder 
external rotation  
 

Shoulder external rotation 
starting in approximately 45º of 
internal rotation, slightly 
crossing the body, with the 
elbow flexed to 90º. Rotate the 
arm out so that it is lined up 
with the side of your body.  

  

  
2. Resisted shoulder 
internal rotation 

Shoulder internal rotation 
starting in approximately 45º of 
external rotation, with the arm 
by the side and the elbow 
flexed to 90º. Rotate the arm 
in so that it crosses your body 
in approximately 45º of internal 
rotation. 

  
3. Resisted shoulder 
extension 

Shoulder extension starting 
with the arm forward flexed 
approximately 45º. 

  
Phase 2 (medium resistance: green elastic band) 
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4. Resisted scapular 
retraction 

Scapular retraction starting 
with elbows flexed 90º, the 
shoulder in neutral rotation, 
and the arms by the side, 
pinching the scapulae. 

  
5. Resisted scapular 
protraction 
“Scapular punch” 

Scapular protraction in the 
supine position, starting with 
the elbow flexed to 90°. Then, 
punch arm up towards the 
ceiling, extending the arm, and 
lifting shoulder blade off the 
table. 
Alternatively, hold a medicine 
ball on the wall, keeping the 
shoulder down and back. With 
arms straight, push the heel of 
the hand forward to knead the 
ball, while protracting the 
shoulder. 
Hold the position and return 
slowly.  

   

6. “Scaption” (0º - 90°) Lift band to shoulder level, 
staying in a plane of 
movement midway between 
front and side. The movement 
starts with the elbow 
extended, humerus in neutral 
rotation, thumb pointing up. 

  
7. Shoulder flexion (0°- 
90°) 

Lift band to shoulder level at 
the sagittal plane (forward 
flexion). The movement starts 
with the elbow straight, 
humerus in neutral rotation, 
and thumb pointing up. 

  
8. Shoulder external 
rotation in 45º and 90° 
abduction 

Standing facing the doorway 
with the shoulder in 90° 
abduction, and elbow flexed at 
90°. Movement pulling the 
band away from the door in 
external rotation (from 45° to 
90°). Do not extend the elbow 
to complete the motion.    

9. Shoulder internal 
rotation in 45º and 90° 
abduction 

Standing facing away from the 
doorway with the shoulder in 
90° of abduction, and elbow 
flexed at 90°. Movement 
pulling the band away from the 
door, in internal rotation (from 
90° to maximum internal 
rotation as possible).   

10. Shoulder horizontal 
abduction with scapular 
retraction, “T” 

Lying prone, arms pendulum, 
and thumbs pointing up. Lift 
arm towards the ceiling in 
horizontal abduction, while 
squeezing shoulder blade 
towards the spine.   
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11. Shoulder elevation 
with scapular retraction, 
“Y” 

Lying prone, arms pendulum, 
and thumbs pointing up. Lift 
arm diagonally above the 
shoulder towards the ceiling 
(arm elevation), squeezing 
shoulder blade towards the 
spine. 

  
Phase 3 (medium/advanced resistance: blue elastic band) 
12. Bodyblade <60° Hold Bodyblade in scaption 

below 60° of abduction. 
Exercises performed in both, 
horizontal and vertical planes. 

  
13. Bodyblade >60° Hold Bodyblade in scaption 

above 60° of abduction. 
Exercises performed in both, 
horizontal and vertical planes.  
*Only if exercise 12 is 
performed without discomfort 
or pain. 

 
14. Lawn mowner pull Elastic tube anchored around 

a leg of the bed. Pull band 
diagonally overhead. Starting 
with feet at shoulder-width 
apart, knees semi-flexed 
(isometric contraction), trunk 
flexed, and elbow extended at 
the level of the contralateral 
knee. Finishing above 90° of 
abduction, in external rotation. 

  

15. Hand and forearm 
plank 

Place hands on the wall, bed, 
and floor, arms straight and 
slightly wider than shoulder-
width apart, legs straight and 
toes grounded into the floor.  
Neck, spine, and shoulder 
should be aligned and 
motionless, and gluteus 
squeezed to stabilize the 
body. 
 
For the forearm plank, the 
forearm is placed on the bed 
instead of the hands. 
In both, the position starts with 
shoulder blades protracted 
and hold the position. 

   

  510 
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Part C. STRETCHING EXERCISES 
2 x 30 seconds 

Used as home exercises to enhance the flexibility of the pectoralis minor, glenohumeral joint capsule, and underlying soft tissues, 
according to individual needs.  

Exercise Description Illustrations 
1. Shoulder internal 
rotation towel stretch 

Patients seated or standing while 
holding a towel with the affected arm 
behind the back, using the other arm 
to pull the affected arm up the back. 

 
2. Active and passive 
cross-body stretch 

Patients seated or standing hold the 
affected elbow with the opposite hand 
in front of the body and slowly pull the 
elbow across the body until they felt a 
comfortable stretch. 
In the passive technique, the clinician 
uses the thenar eminence to stabilize 
the scapula medially.  

  
3. Pectoral muscle 
stretch 

Patients standing with forearm and 
palm also on the wall. Then, slowly 
turn the upper body away from the 
wall. 

  
4. Shoulder flexion 
stretch 

Patients hold a stick or cane with both 
hands while lying supine and use the 
unaffected arm to raise both arms 
overhead until they felt a comfortable 
stretch. 

 
5. Shoulder external 
rotation stretch 

Patients lying supine and resting the 
affected arm on a pillow, 15.2 cm (6 
in) from the side with the elbow bent. 
Then, holding a stick or cane with 
both hands, they apply downward 
pressure to the affected arm by 
rotating it back. 

 
 511 
 512 
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Part D. PATIENT EDUCATION 
Addressed in 5% of each physiotherapy session, this part of the treatment aimed to enhance participant understanding on shoulder 
overload, pain neuroscience, pain management, posture, rehabilitation stages, shoulder and body mechanics, and risk factors at 
home and workplace. Verbal and written instructions regarding preferred shoulder positioning during sleep, work, and daily and 
sports activities were also provided, as well as the importance in avoiding movements that provoke impingement, overuse or 
prolonged static postures.28 
Exercises Description 
1. Sleeping If you sleep well and wake up without pain, do not change anything. 

If you have trouble sleeping because of your shoulder, avoid resting your arm over your head 
and letting your arm resting across your body (may decrease blood flow). 
Try propping your arm on a pillow to keep the arm slightly away from your side. 

Daily activities 
 

Avoid working with arms near or above horizontal. Keep your elbows near your body for any 
prolonged work.  
Keep objects close to the body when lifting, especially repetitive activities. 
Use a stool when a high reach is required. 

Strenuous work/sports 
 

Incorporate the spine and hips for extreme and overhead movements. 
Be sure your fitness level matches the task you are doing, do not go beyond your capacity. 
Avoid excessive fatigue, take breaks when needed. 
Use assistive devices whenever possible (eg, carts, lift trucks). 

Posture and movements 
promoting impingement 

 

Avoid overuse or prolonged static postures. 
Avoid movements of forward flexion in combination with internal rotation of the humerus. 

 513 
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