Supplementary Intervention Protocol
This supplementary protocol describes the two rehabilitation programs used in the study. Both programs were delivered over 4 weeks, with three supervised sessions per week, for a total of 12 sessions. Each group received a common shoulder-stabilization program consisting of flexibility and strengthening exercises. The groups differed in the adjunctive intervention: the kinetic chain approach (KCA) group performed kinetic chain exercises, whereas the proprioceptive neuromuscular facilitation (PNF) group performed scapular PNF exercises.
Upper-extremity exercises were performed using the affected side as applicable, while the kinetic-chain exercises additionally incorporated lower-extremity and trunk movements. At each session, participants first completed the common shoulder-stabilization exercises, followed by their assigned adjunctive intervention. Each session lasted approximately 60 minutes, including rest periods. The intervention components were delivered according to the standardized procedures described below.
1. Intervention schedule
· Intervention duration: 4 weeks
· Frequency: 3 supervised sessions per week
· Total number of sessions: 12
· Treatment groups:
· KCA group: common shoulder-stabilization exercises plus kinetic chain exercises
· PNF group: common shoulder-stabilization exercises plus scapular PNF exercises
2. Common shoulder-stabilization program
The common program was administered to participants in both groups and consisted of flexibility exercises followed by strengthening exercises.
2.1 Flexibility exercises
The flexibility component included stretching of the following structures:
1. Pectoralis minor
2. Levator scapulae
3. Latissimus dorsi
4. Posterior shoulder capsule
The manuscript specifies the target structures and the dosage of three sets of five repetitions for each flexibility exercise. The exact stretching position, duration of each repetition, and standardized rest interval for these exercises were not separately recorded and therefore are not specified numerically in this protocol. Rest was provided as clinically appropriate to maintain participant comfort and exercise quality.
2.2 Strengthening exercises
The strengthening component targeted the rotator cuff, trapezius, and serratus anterior muscles. It included the following exercises:
1. Resisted shoulder internal rotation
2. Resisted shoulder external rotation
3. Resisted full-can exercise
4. Serratus punch
Each strengthening exercise was performed for 3 sets of 10 repetitions using a blue TheraBand. Resistance was maintained at the same predefined level throughout the 4-week intervention. The exact numerical resistance magnitude and a standardized numerical rest interval for these exercises were not separately recorded. Rest was provided as clinically appropriate to maintain exercise quality and participant tolerance.
3. Kinetic chain approach group
Participants assigned to the KCA group performed the common shoulder-stabilization program followed by kinetic chain exercises. The kinetic chain component consisted of integrated upper- and lower-extremity exercises designed to combine shoulder movement with lower-extremity and trunk involvement.
Each kinetic chain exercise was performed for 3 sets of 10 repetitions.
3.1 Wall slide with squat
The participant performed a wall-slide movement while simultaneously performing a squat. The exercise combined upper-extremity elevation against the wall with lower-extremity flexion and extension.
· Exercise: Wall slide with squat
· Sets: 3
· Repetitions: 10
3.2 Lawn mower with diagonal squat
The participant performed a lawn-mower-type pulling movement combined with a diagonal squat. The exercise integrated shoulder and scapular movement with diagonal lower-extremity and trunk involvement.
· Exercise: Lawn mower with diagonal squat
· Sets: 3
· Repetitions: 10
3.3 Robbery with squat
The participant performed the robbery exercise while simultaneously performing a squat. This exercise combined upper-extremity and scapular movement with lower-extremity loading.
· Exercise: Robbery with squat
· Sets: 3
· Repetitions: 10
3.4 Wall push-up with ipsilateral leg extension
The participant performed a wall push-up while extending the leg on the same side as the affected shoulder.
· Exercise: Wall push-up with ipsilateral leg extension
· Sets: 3
· Repetitions: 10
3.5 Resisted scapular retraction with contralateral one-leg squat
The participant performed resisted scapular retraction while simultaneously performing a one-leg squat on the leg contralateral to the affected shoulder.
· Exercise: Resisted scapular retraction with contralateral one-leg squat
· Sets: 3
· Repetitions: 10
3.6 Resisted shoulder internal/external rotation with step
The participant performed resisted shoulder internal and external rotation while incorporating a stepping movement.
· Exercise: Resisted shoulder internal/external rotation with step
· Sets: 3
· Repetitions: 10
Each kinetic-chain exercise was performed for 3 sets of 10 repetitions throughout the 4-week intervention. The KCA component used a fixed training volume, and no resistance progression was applied. The exact numerical resistance level, step direction, squat depth, movement speed, and standardized rest interval were not separately recorded. Rest was provided as clinically appropriate to preserve movement quality and participant safety.
4. Scapular PNF group
Participants assigned to the PNF group performed the common shoulder-stabilization program followed by scapular PNF exercises.
The PNF intervention included:
1. Rhythmic initiation
2. Repeated stretch
Both techniques were performed using both scapular patterns on the affected shoulder:
· Anterior elevation–posterior depression
· Anterior depression–posterior elevation
Each scapular pattern was performed for one set of 10 repetitions, with 20 seconds of rest between repetitions and 30 seconds of rest between patterns. Exercise intensity was monitored using the Borg Rating of Perceived Exertion scale, with a target rating of 12–14 (‘somewhat hard’).
During weeks 1–2, rhythmic initiation was used to facilitate motor learning, progressing sequentially from therapist-guided passive oscillation to active-assisted, active, and finally resisted movement. During weeks 3–4, the repeated-stretch technique was introduced during active contraction. Initially, repeated stretch was applied throughout the available range of motion when movement deceleration or reduced effort was observed. Once participants were able to perform the scapular movements against gravity (manual muscle testing grade ≥3), the technique was progressed to repeated stretch from the beginning of the range of motion. Resistance was increased gradually to the highest level that allowed completion of the prescribed repetitions with smooth, controlled movement and no meaningful increase in symptoms. If movement quality deteriorated or symptoms increased, the therapist reduced resistance, provided assistance, or maintained the current level until control improved. Progression was reassessed at each treatment session.
4.1 Rhythmic initiation
Rhythmic initiation was performed through the following scapular patterns on the affected shoulder:
· Anterior elevation–posterior depression
· Anterior depression–posterior elevation
· Technique: Rhythmic initiation
· Repetitions: 10
· Rest: 20 seconds between repetitions
· Side: Affected shoulder
4.2 Repeated stretch
Repeated stretch was performed through the same two scapular patterns on the affected shoulder:
· Anterior elevation–posterior depression
· Anterior depression–posterior elevation
· Technique: Repeated stretch
· Repetitions: 10
· Rest: 20 seconds between repetitions
· Side: Affected shoulder
Participants performed the PNF patterns in contralateral side-lying with the affected side exposed. The physiotherapist was positioned posteriorly for anterior elevation and posterior depression and cephalad for anterior depression and posterior elevation. Standardized manual contacts were used for each pattern: counterforce on the acromion for anterior elevation, the medial border of the scapula for posterior depression, bilateral shoulder grips for anterior depression, and the posterior edge of the acromion for posterior elevation. Verbal cues were standardized as ‘pull toward the nose,’ ‘push back,’ ‘pull down toward the navel,’ and ‘pull up’ for anterior elevation, posterior depression, anterior depression, and posterior elevation, respectively.
5. Intervention sequence
At each supervised treatment session, participants completed the following group-specific sequence:
KCA group
1. Pectoralis minor stretching
2. Levator scapulae stretching
3. Latissimus dorsi stretching
4. Posterior capsule stretching
5. Resisted shoulder internal rotation
6. Resisted shoulder external rotation
7. Resisted full-can exercise
8. Serratus punch
9. Wall slide with squat
10. Lawn mower with diagonal squat
11. Robbery with squat
12. Wall push-up with ipsilateral leg extension
13. Resisted scapular retraction with contralateral one-leg squat
14. Resisted shoulder internal/external rotation with step

PNF group
1. Pectoralis minor stretching
2. Levator scapulae stretching
3. Latissimus dorsi stretching
4. Posterior capsule stretching
5. Resisted shoulder internal rotation
6. Resisted shoulder external rotation
7. Resisted full-can exercise
8. Serratus punch
9. Rhythmic initiation using anterior elevation–posterior depression
10. Rhythmic initiation using anterior depression–posterior elevation
11. Repeated stretch using anterior elevation–posterior depression
12. Repeated stretch using anterior depression–posterior elevation
The common flexibility and strengthening exercises were performed in both groups. The KCA group then performed the six kinetic chain exercises, whereas the PNF group performed the two PNF techniques using both scapular patterns. Rest periods were incorporated as clinically appropriate between exercises and sets to support safe performance and adequate movement quality. The specifically documented PNF rest intervals were 20 seconds between repetitions and 30 seconds between patterns.
6. Dosage summary
	Component
	Exercises/techniques
	Sets
	Repetitions
	Rest

	Common flexibility
	Pectoralis minor, levator scapulae, latissimus dorsi, posterior capsule stretching
	3 each
	5 each
	Clinically appropriate rest to maintain comfort and stretching technique

	Common strengthening
	Resisted internal rotation, resisted external rotation, resisted full can, serratus punch
	3 each
	10 each
	Clinically appropriate rest to maintain exercise quality and participant tolerance

	KCA adjunct
	Wall slide with squat; lawn mower with diagonal squat; robbery with squat; wall push-up with ipsilateral leg extension; resisted scapular retraction with contralateral one-leg squat; resisted shoulder internal/external rotation with step
	3 each
	10 each
	Clinically appropriate rest to preserve movement quality and participant safety

	PNF adjunct
	Rhythmic initiation and repeated stretch in anterior elevation–posterior depression and anterior depression–posterior elevation patterns
	1 set per pattern
	10 per pattern
	20 s between repetitions; 30 s between patterns


7. Treatment standardization and reporting limitations
Both groups received the same conventional shoulder-stabilization program, followed by their assigned adjunctive intervention. The intervention protocols were standardized with respect to exercise selection, sets, repetitions, session frequency, and treatment duration as described above. The common flexibility and strengthening exercises used predefined exercise dosages, and the strengthening component used a blue TheraBand with fixed resistance. The KCA component used a fixed training volume without resistance progression, whereas PNF intensity progressed according to movement control, active participation, resistance, exercise technique, and symptom tolerance. The exact duration of individual exercise components and standardized numerical rest intervals for the common flexibility and strengthening exercises were not separately recorded. Consequently, although the overall intervention structure was standardized, the effective training dose may not have been identical between groups because of differences in exercise structure, therapist involvement, movement complexity, contraction type, and progression strategy.
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