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Abstract  

Background: Subacromial shoulder pain is a common cause of pain in patients with shoulder 

complaints. Changes in scapular rotations, termed scapular dyskinesis, have been hypothesized 

to contribute to the etiology and maintenance of subacromial shoulder pain. The overall aim of 

this thesis was to add towards understanding of the potential role of scapular dyskinesis in the 

recovery of subacromial shoulder pain. For this purpose, we assessed: 1) the changes in pain 

and function scores over time in patients with subacromial shoulder pain; 2) the association 

between changes in pain or function scores and changes in scapular dyskinesis; and 3) the 

feasibility of conducting a randomized control trial (RCT) to compare the efficacy of tailored 

training program with standardized exercise program on improving pain, function and scapular 

dyskinesis in patients with subacromial shoulder pain. 

 

Methods and results: A systematic review and meta-analysis (Study 1) was conducted to 

assess the clinical course of pain and function in patients with subacromial shoulder pain who 

received ‘no intervention’ and ‘usual care’. The results showed patients with ‘no intervention’ 

reported no changes in pain and function scores over 3 months (maximum follow-up was to 3 

months) and patients receiving ‘usual care’ reported an average 30 scores improvement (score 

ranging from 0 to 100) in pain and function at 12 months with 40% of that improvement 

occurring in the first 6 weeks from the study entry (maximum follow-up was to 12 months).  

 

Next, the association between changes in pain or function scores was assessed with changes in 

scapular dyskinesis. For conducting this, first, a laboratory-based study assessed the intra-rater 

between-day reliability of scapular locator for measuring scapular rotations during scapular 

plane arm elevation in asymptomatic individuals (Study 2). Findings suggested that the 

scapular locator has a good to excellent reliability for measuring scapular upward/downward 

rotation and anterior/posterior tilt (ICC ranging from 0.73 to 0.93) of arm at 60°, 90° and 120° 

arm elevation and a poor reliability for measuring scapular internal/external rotation (ICC 

ranging 0.37 to 0.62). The results also indicated a poor reliability for measuring all scapular 

rotations at 30° of arm elevation (ICC = 0.10 to 0.40). The findings of this study supported the 

use of the scapular locator for measuring scapular upward/downward rotation and 

anterior/posterior tilt in the subsequent observational study. The observational study assessed 

the association between changes in pain or function scores with changes in scapular rotations 
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(measured with scapular locator and scapular dyskinesis test) in patients with subacromial 

shoulder pain, over an 8-week period (Study 3). The results showed changes in pain or function 

scores are not associated with changes in scapular rotations.   

 

Finally, a feasibility RCT (Study 4) assessed the feasibility of conducting a full RCT to 

investigate the efficacy of a tailored training program compared with a standardized exercise 

program in participants with subacromial shoulder pain. Twenty-eight participants with 

subacromial shoulder pain (aged 18-65 years) were recruited during 41 weeks and were 

randomly allocated to tailored training (N=13) or standardized exercise (N=15) programs for 

8 weeks. Participants in each group were assessed for pain, function and scapular dyskinesis at 

week 4 and 8 from baseline. The findings showed that it is feasible to conduct a full RCT with 

the recruitment rate of 3 participants per month, the proportion of eligible participants per 

participants screened was 23%. The adherence rate was 86.6% for physiotherapist-delivered 

interventions and 93.1% for home-based exercises. The drop-out rate was 14% (4 participants 

out of 28 enrolled). The preliminary analysis suggested significant improvements in pain, 

function in both groups and significant improvement in scapular dyskinesis in the tailored 

training group. No between-group differences were observed in above outcome measures at 4 

and 8 weeks. Based on between-group mean differences in pain and considering a 20% drop-

out rate, a total of 88 participants (44 participants in each group) are required for conducting a 

full RCT.  

 

Conclusion This thesis provided a summary of expected changes in pain and function over 

time for patients receiving ‘no intervention’ or ‘usual care’. These findings could be used as a 

reference for future researchers when designing new studies or by clinicians when managing 

patients. Our findings on the association between changes in pain or function with scapular 

rotations did not support the contributing role of scapular dyskinesis in subacromial shoulder 

pain. However, further studies are required to confirm our findings given challenges with 

scapular measurements. We also suggest assessing whether other factors (e.g., age, shoulder 

pain duration, physical functioning, and comorbidity) may be confounding variables when 

assessing the association between scapular dyskinesis and subacromial shoulder pain. Findings 

from the feasibility RCT suggested it is possible to conduct a full RCT. The full RCT will 

explore whether a tailored training program leads to better clinical outcomes (e.g. pain, 

function and scapular dyskinesis) when compared with a standardized exercise program.  
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1 Introduction 

1.1 Overview  

The focus of this thesis was to investigate the role of scapular rotations in subacromial shoulder 

pain. In particular, we assessed the role of abnormal scapular rotations in symptom 

presentation, and the role of minimizing such abnormal scapular rotations, so as to improve 

symptom presentation. In this chapter, we provide a brief discussion of the epidemiology, 

economic impact, and risk factors contributing to the incidence of pain, and the structural 

changes involved in subacromial shoulder pain. Then we describe briefly the role of treatment 

for recovery from subacromial shoulder pain. Finally, we present an outline of the research 

questions, the aims of the thesis, and the significance of this research.  

 

1.2 Background 

Shoulder pain is the third most common musculoskeletal disorder (Urwin et al., 1998).  The 

incidence of shoulder pain in the general population ranges from 1% to 14% (Gill, Shanahan, 

Taylor, Buchbinder, & Hill, 2013; Luime et al., 2004; Van Der Windt, Koes, De Jong, & 

Bouter, 1995) and prevalence of shoulder pain ranges from 10% to 28% (Gill et al., 2013; 

Scuffham, Legg, Firth, & Stevenson, 2010; Shirokov, Makar, Zaikina, & Fedoruk, 2011). 

Shoulder pain presents a significant burden to the health care system. The majority of patients 

with shoulder pain are treated in primary health care (Heijden & J.M.G, 1999; Virta, Joranger, 

Brox, & Eriksson, 2012). In Sweden, for example, the average annual cost of shoulder pain in 

2009, including health care and sick leave, was reported to be €4,139 (NZ$ 7,302) per patient, 

with physiotherapy accounting for 60% of this amount (Virta et al., 2012). The Accident 

Compensation Corporation (ACC) statistics in New Zealand reported an average of NZ$ 1,752 

per claim for 89,267 claims for shoulder pain of patients aged 40 to 75 years from 2017 to 2018 

(Accident Compensation Corporation, 2018).  

 

Shoulder pain may arise from a range of disorders including rotator cuff tendon problems, 

subacromial bursitis, instability of the glenohumeral joint, adhesive capsulitis, and 
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osteoarthritis of the acromioclavicular and glenohumeral joints (Gill et al., 2013). Pain may 

also develop from other sources including tumors, trauma (fractures), infection and 

inflammatory disorders (Luime et al., 2004). Among shoulder disorders, subacromial shoulder 

pain accounts for a high percentage of patients seeking consultation with general practitioners 

(GPs) and physiotherapists (Magarey, Jones, Cook, & Hayes, 2016; Roberts & Li, 2014; Van 

Der Windt et al., 1995). A Swedish study reported that up to 89% of patients with shoulder 

pain presented with subacromial shoulder pain (Virta et al., 2012).  

 

1.3 Subacromial shoulder pain 

1.3.1 Definition  

Subacromial shoulder pain is an umbrella term that represents a clinical classification rather 

than one which refers to specific underlying pathology (Cools & Michener, 2017). It is defined 

as pain at the anterior and lateral side of shoulder joint that may spread to the neck or elbow, 

and worsens with arm movements, including overhead activities (Bergman et al., 2010; 

Kulkarni et al., 2015; Littlewood et al., 2016). Other umbrella terms that have been used for 

this clinical presentation are: anterolateral shoulder pain, non-specific shoulder pain, rotator 

cuff-related shoulder pain, rotator cuff tendinopathy, and shoulder impingement syndrome and 

subacromial pain syndrome (Cools & Michener, 2017; Littlewood, Bury, O’Shea, McCreesh, 

& O’Sullivan, 2018).  

 

1.3.2 Contributing factors in the incidence of shoulder pain  

Subacromial shoulder pain may occur after an inciting event or develop insidiously (Cummins, 

Sasso, & Nicholson, 2009). Only 39% of patients reported an inciting event for shoulder pain 

(Cummins et al., 2009). Subacromial shoulder pain is a multifactorial entity, potentially 

influenced by any combination of biological, clinical, occupational and demographic risk 

factors. The incidence of non-specific shoulder pain was reported to be higher for the age group 

between 45 and 64 years old (Van Der Windt et al., 1995; Vincent, Leboeuf-Yde, & Gagey, 

2017). The incidence of shoulder pain seems to increase as consequence of comorbid pain in 

other joints (Gill et al., 2013); a history of pain in the neck and elbow (Bonde et al., 2003); 

occupations with physically demanding activity for the upper limbs (Bonde et al., 2003; Gill et 
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al., 2013; Sansone, Bonora, Boria, & Meroni, 2014); smoking (Gill et al., 2013); living in rural 

areas (Monrad, Ganestam, Kallemose, & Barfod, 2018); and psychological distress (Gillespie, 

Mącznik, Wassinger, & Sole, 2017). 

 

1.3.3 Structural changes and symptoms 

It is unclear as to what precise mechanisms cause pain in patients with subacromial shoulder 

pain. Some authors suggested causes include rotator cuff tendinitis (Van Der Windt et al., 

1995), bursitis (Brownson et al., 2015; Lee, Hong, Lee, Kwack, & Yoon, 2017), partial to full 

rotator cuff tears (Gombera & Sekiya, 2014), rotator cuff degeneration (Yoon et al., 2018), or 

impingement that occurs within the subacromial space (Neer, 2005). However, there is no 

direct relationship between structural causes and symptom presentation (Yamamoto, 

Takagishi, Kobayashi, Shitara, & Osawa, 2011). The prevalence of rotator cuff tear increases 

with age, but the presence or absence of pain is not related to the rotator cuff tear (McFarland 

et al., 2013; Teunis, Lubberts, Reilly, & Ring, 2014; Yamamoto et al., 2010). Sixty-four percent 

of individuals with rotator cuff tears reported no shoulder pain (Yamamoto et al., 2011) and 

asymptomatic participants with a rotator cuff tear can have stronger abduction and external 

rotation compared with patients with symptomatic rotator cuff tear (Yamamoto et al., 2011). 

The findings of another study suggested that pain may begin with an increase in rotator cuff 

tear size (Eljabu, Klinger, & von Knoch, 2015). Patients with symptomatic rotator cuff tears 

may not improve following surgical rotator cuff tendon repairs (Lewis, 2016) or following 

subacromial decompression surgery [which was shown to have no additional benefit compared 

to placebo surgery] (Karjalainen et al., 2019). Changes of the structures and morphology of the 

glenohumeral complex are common with increasing age (Girish et al., 2011; Yamamoto et al., 

2011), however, subacromial shoulder pain prevalence may or may not increase with age (Van 

Der Windt et al., 1995; Vincent et al., 2017). This fact seems to suggest that degenerative 

changes in the glenohumeral joint may not necessarily predict shoulder pain. Subacromial 

shoulder pain may thus not always be associated with or caused by structural changes.  

 

Pain might be associated with changes in muscle function of the rotator cuff (Burbank, 

Stevenson, Czarnecki, & Dorfman, 2008; Walther, Werner, Stahlschmidt, Woelfel, & Gohlke, 

2004; Yoon et al., 2018) or the scapular muscles (Turgut, Duzgun, & Baltaci, 2017). Impaired 



Chapter 1 
Introduction 

4 
 

motor control may contribute towards pain provocation through failure of the rotator cuff to 

control superior translation of humeral head during arm movements (Ellenbecker & Cools, 

2010; Gombera & Sekiya, 2014; Lewis, 2010). Furthermore, abnormal scapular kinematics 

(Hickey, Solvig, Cavalheri, Harrold, & McKenna, 2018; Ludewig & Reynolds, 2009) may be 

a contributing factor to subacromial shoulder pain. Posterior structural tightness of shoulder 

joint muscles and its capsule have also been suggested as factors contributing to subacromial 

shoulder pain (Land, Gordon, & Watt, 2017).  

 

1.3.4 Assessment of subacromial shoulder pain 

Making a correct diagnosis is important to ensure an efficient and optimum treatment for 

patients. The assessment of subacromial shoulder pain is challenging, and the results of studies 

on the predictive validity of physical tests showed varied sensitivity and specificity for 

individual test and physical tests in combination (Hegedus et al., 2012). Clinical tests with high 

sensitivity and low specificity make it difficult to confirm the cause of pain. For example, the 

Hawkins-Kennedy, Neer sign, and Jobe’s test (Empty Can Test) had higher sensitivity than 

specificity, and this means that if these test results are negative, the patient is unlikely to have 

subacromial shoulder pain (Alqunaee, Galvin, & Fahey, 2012). Tests with high specificity 

indicate that if these test results are positive, the patient is more likely to have subacromial 

shoulder pain. For example, the external rotation lag sign was identified with high specificity 

for infraspinatus and teres minor tears, the drop arm test had high specificity for supraspinatus, 

and the lift off test for subscapularis tears (Alqunaee et al., 2012; Cadogan, McNair, Laslett, 

Hing, & Taylor, 2013; Gismervik, Drogset, Granviken, Ro, & Leivseth, 2017). Some authors 

suggested that test results should be combined to improve the accuracy of diagnosis. The 

combination of painful arc test, Hawkins-Kennedy test, and infraspinatus muscle strength test 

has a high predictive value for diagnosing subacromial shoulder pain of any kind (McFarland 

et al., 2005). A patient with positive results of the tests mentioned above can have a 95% chance 

of subacromial shoulder pain, while if the test results are negative, the chance of subacromial 

shoulder pain decreases to 24% (Lee, 2007). Positive test results for the painful arc test 

combined with the drop arm test and the external rotation lag sign has an acceptable likelihood 

ratio for identifying a full thickness rotator cuff tear (McFarland et al., 2005). As there are 

different findings reported on the predictive value of physical tests for subacromial shoulder 

pain, we followed the British Elbow and Shoulder Society (BESS) guideline for identifying 
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subacromial shoulder pain from other sources of pain in the shoulder (Kulkarni et al., 2015). 

This guideline provides a pathway for inspection and physical tests to exclude other shoulder 

disorders from subacromial shoulder pain (e.g., a suspected tumor, acute rotator cuff tear, neck 

involvement, shoulder instability, AC joint involvement, frozen shoulder and glenohumeral 

arthritis). In this guideline, patients who have a positive painful arc test and Job’s test are 

diagnosed as having subacromial shoulder pain.   

 

1.3.5 Clinical course and management of subacromial shoulder pain  

The clinical course of subacromial shoulder pain is currently unclear. Previous systematic 

reviews and studies described the stages of the disorder (e.g., acute or chronic) (Reilingh, 

Kuijpers, Tanja-Harfterkamp, & van der Windt, 2008), demographic (age) and shoulder pain 

disease characteristics (that is, the duration and amount of disability) (Chester et al., 2013; 

Kuijpers, van der Windt, van der Heijden, & Bouter, 2004), and the type of primary care 

treatment impact the clinical course of recovery in patients with subacromial shoulder pain 

(Heijden & J.M.G, 1999; Kooijman, Swinkels, van Dijk, de Bakker, & Veenhof, 2013). For 

example, 50% of patients presenting with acute subacromial shoulder pain may improve after 

six months (Heijden & J.M.G, 1999) and 50% of patients with chronic subacromial shoulder 

pain may recover after 10 months (Bonde et al., 2003) or within 18 months of the onset of 

symptoms (Croft, Pope, & Silman, 1996). Observational studies estimating the clinical course 

of subacromial shoulder pain are either scarce (Reilingh et al., 2008), or have only presented 

the percentage of patients who have fully recovered (Bodin et al., 2014; Bonde et al., 2003). 

The wide range of recovery rates reported by previous studies suggests the clinical course for 

these patients is challenging and unclear. 

 

The aim of management is to reduce pain and improve function in subacromial shoulder pain 

(Virta, Mortensen, Eriksson, & Möller, 2009). Findings from literature support the beneficial 

role of physiotherapy and exercise for treatment of subacromial shoulder pain even for those 

patients who are unresponsive to other forms of treatment (Virta et al., 2009). Karjalainen et 

al. (2019) in a recent systematic review found that surgery does not confer greater benefit than 

placebo, exercise, or physiotherapy interventions. Earlier systematic reviews also showed that 

physiotherapy can be as effective as surgery in patients with persistent subacromial shoulder 
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pain (Brox, Staff, Ljunggren, & Brevik, 1993; Consigliere, Haddo, Levy, & Sforza, 2018; Haik, 

Alburquerque-Sendín, Moreira, Pires, & Camargo, 2016; Kromer, Tautenhahn, De Bie, Staal, 

& Bastiaenen, 2009; Page, Green, McBain, et al., 2016; Sean et al., 2015). In Sweden, 87% of 

patients with subacromial shoulder pain who were on the waiting list for surgery withdrew 

following positive outcomes of physiotherapy interventions (Virta et al., 2009). Therefore, 

supervised physiotherapy should be considered as the first option for treating patients with 

subacromial shoulder pain (Haik et al., 2016; Virta et al., 2012; Virta et al., 2009).  

 

Physiotherapy intervention commonly consists of exercise, manual therapy, and electrotherapy 

(Gebremariam et al., 2014; Green, Buchbinder, & Hetrick, 2003; Page, Green, McBain, et al., 

2016). Findings of systematic reviews support the efficacy of exercise therapy compared with 

a placebo or no treatment (Littlewood, May, & Walters, 2013; Page, Green, McBain, et al., 

2016). Findings also indicated that using manual therapy, either individually or combined with 

other interventions, reduces pain compared with no intervention and placebo (Desjardins-

Charbonneau et al., 2015). Manual therapy combined with exercise may reduce pain more 

effectively than exercise alone (Desjardins-Charbonneau et al., 2015; Gebremariam et al., 

2014; Green et al., 2003; Haik et al., 2016; Pieters et al., 2020).  The results of systematic 

reviews did not support the beneficial effect of electrotherapy such as laser or ultrasound 

compared with a placebo (Green et al., 2003; Haik et al., 2016; Littlewood et al., 2013; Page, 

Green, Mrocki, et al., 2016). As there are different forms of exercise or manual therapy in 

physiotherapy and those differences create various effects, limited guidance exists to show the 

most effective intervention in clinical practice for subacromial shoulder pain (Green et al., 

2003; Hanratty, Joseph G. McVeigh, Daniel P. Kerr, Michael B. Finch, & and Julius Sim, 2012; 

Pieters et al., 2020).   

 

Scapular dyskinesis refers to changes in scapular positioning at rest and altered scapular 

rotations during arm elevation (Kibler et al., 2013; Plummer, Sum, Pozzi, Varghese, & 

Michener, 2017). Scapular dyskinesis is reported with subacromial shoulder pain (Kibler et al., 

2013; Sahrmann, 2002). However, it is still unclear if scapular dyskinesis plays a role in the 

initiation of subacromial shoulder pain, or whether scapular dyskinesis is a part of normal 

variation of movement. Conflicting findings were reported on the prevalence of scapular 
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dyskinesis between symptomatic and asymptomatic patients. While in one study no difference 

was reported in the prevalence of scapular dyskinesis (Plummer et al., 2017), in another study, 

a higher prevalence of scapular dyskinesis was reported in patients with subacromial shoulder 

pain compared with asymptomatic participants (Uhl, Kibler, Gecewich, & Tripp, 2009). The 

conflicting findings could be related to inconsistencies in the methods of measurement. 

Therefore, the role of scapular dyskinesis in the initiation of symptoms is unclear.  

 

Within clinical practice, it is believed that minimizing scapular dyskinesis may have a 

beneficial effect in reducing pain and improving function over other physiotherapy 

interventions (Giuseppe et al., 2020). Findings of systematic reviews support the effectiveness 

of a scapular-focused approach in the short term on improving pain and function compared to 

general exercise, or placebo or no intervention (Bury, West, Chamorro-Moriana, & Littlewood, 

2016; Reijneveld, Noten, Michener, Cools, & Struyf, 2017; Saito, Harrold, Cavalheri, & 

McKenna, 2018). However, those systematic reviews recommended more investigations in this 

regard, as previous RCT studies were limited in number and trial population. There was 

diversity in the scapular focused approaches (e.g., scapular exercise, taping, and mobilization) 

and control interventions (e.g., rotator cuff exercise, placebo, no intervention) as well in the 

tools used for assessing changes in scapular rotations. It is still unclear whether minimizing 

scapular dyskinesis, including scapular rotations, contributes to decreased pain and disability. 

Thus, greater understanding is needed about the role of scapular rotations in management of 

subacromial shoulder pain.  

 

1.4 Research questions  

We explored the following questions: (1) what is the clinical course of pain and function in 

patients with subacromial shoulder pain?; (2) Is there an association between changes in pain 

or function with changes in scapular rotations in people with subacromial shoulder pain?; and 

(3) Do scapular focused exercises lead to better clinical outcomes (including scapular 

dyskinesis, pain and function scores)? 
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1.5 Aims of this thesis  

The overall aim was to gain a greater understanding of the role of abnormal scapular rotations 

in subacromial shoulder pain. To achieve this, we assessed: 

1) The clinical course of pain and function in patients with subacromial shoulder pain; 

2) The intra-rater between-day reliability of scapular rotations measured with a scapular 

locator; 

3) The association between changes in pain or function scores with changes in scapular 

rotations in patients with subacromial shoulder pain; 

4) The effectiveness of a tailored training program (combining manual therapy and 

scapular motor control training) versus standardized exercise program (shoulder 

strengthening training) on pain, function, and scapular dyskinesis.   

 

1.6 Research pathway 

The research pathway of this thesis is illustrated in Figure 1-1. First, a narrative literature 

review focused on normal and abnormal scapular rotations, the association between altered 

scapular rotations (scapular dyskinesis) and subacromial shoulder pain, and the management 

of subacromial shoulder pain (Chapter 2). A systematic review assessed the clinical course of 

subacromial shoulder pain and function (Chapter 3). Findings from this review helped to 

interpret data from Chapters 5 and 6. A laboratory-based study assessed the intra-rater between-

day reliability of scapular locator to measure scapular rotations (Chapter 4). Findings from this 

study were used to interpret findings from the observational study reported in Chapter 5. The 

observational study investigated the association between changes in pain or function scores 

with scapular rotations in patients with subacromial shoulder pain (Chapter 5). Finally, a 

feasibility RCT was conducted to assess whether it was appropriate to conduct a full trial aimed 

at comparing the efficacy of tailored rehabilitation with a standardized exercise program 

(Chapter 6) on pain, function and scapular dyskinesis.  



Chapter 1 
Introduction 

9 
 

 
Figure 1-1 Research pathway. 
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1.7 Significance of the research 

Subacromial shoulder pain remains a significant health burden in terms of individual patient 

suffering and health costs. Strategies to optimize non-surgical interventions are needed to 

decrease such burden to improve healthcare services and clinical outcomes. Chapter 3 adds to 

current knowledge by assessing the clinical course of subacromial shoulder pain. Chapters 4 

and 5 contribute to the current knowledge by assessing whether a relationship exists between 

scapular dyskinesis (altered scapular rotations) and subacromial shoulder pain and helping us 

to understand better the role of scapular dyskinesis on pain and function. Chapter 6 contributes 

to the current field by exploring the potential efficacy of a tailored rehabilitation program that 

focuses on specific impairments presented by patients. This thesis adds to current efforts to 

identify cost-effective rehabilitation approaches for patients with subacromial shoulder pain. 
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2 Literature review  
 

2.1 Introduction 

In this chapter, we review the literature for 1) normal and altered scapular rotations in 

symptomatic and asymptomatic participants with subacromial shoulder pain; 2) laboratory and 

clinical based methods for assessing scapular rotations; 3) the association between altered 

scapular rotations (scapular dyskinesis) and subacromial shoulder pain; and 4) the management 

of subacromial shoulder pain.  

 

2.2 Scapular rotations and subacromial shoulder pain 

2.2.1 Normal scapular rotations  

Exploring normal scapular rotations is essential for understanding normal movement in the 

shoulder joint, as well as for identifying the effect of injuries or disorders on normal scapular 

rotations (Ludewig et al., 2009). The normal scapular resting position has been measured at 4° 

to 5° upward rotation, 35° to 41° internal rotation and 10° to 13° anterior tilt relative to the 

thorax (Koh, Grabiner, & Brems, 1998; Ludewig, Cock, & Nawoczenski, 1996; Ludewig et 

al., 2009; Struyf, Nijs, Baeyens, Mottram, & Meeusen, 2011). During arm elevation, scapular 

movement is needed to center the humeral head within the glenoid fossa (Kibler & McMullen, 

2003). Overall, during arm elevation, the scapula has linear and progressive upward rotation 

and posterior tilt (Braman, Engel, Laprade, & Ludewig, 2009; Chung et al., 2018; McClure, 

Michener, Sennett, & Karduna, 2001), and a non-linear internal rotation (Braman et al., 2009; 

Ludewig & Reynolds, 2009; McClure et al., 2001). The scapula rotates internally with the arm 

elevation up to 120°, and when elevated more than this, the scapula rotates externally (Braman 

et al., 2009; Ludewig & Reynolds, 2009). Different ranges of motion were reported for scapular 

rotations during arm elevation. Overall, at 120° the arm elevation scapular upward rotation 

may range from 20° to 48°, scapular posterior tilt from 3° to 18°, and scapular internal rotation 

from 1° to 12° (Brochard, Lempereur, & Remy-Neris, 2011; Fayad et al., 2006; Haik, 

Alburquerque-Sendin, & Camargo, 2014; Ludewig & Cook, 2000; Thigpen, Gross, Karas, 

Garrett, & Yu, 2005). Anatomical scapular rotations are described in Figure 2-1. 
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Figure 2-1 Anatomical scapular rotations. 
Source: BodyParts3D, © The Database Center for Life Science licensed under CC Attribution-Share Alike 2.1 Japan. 

 

2.2.2 Altered scapular rotations  

Scapular dyskinesis is defined as altered scapular positioning at rest or during arm movements 

(Kibler et al., 2013; Plummer et al., 2017). Scapular dyskinesis may be found in patients with 

subacromial shoulder pain (Giuseppe et al., 2020; Kibler et al., 2013), however, there is 

insufficient evidence to support the view that the scapula adopts a specific pattern of movement 

in patients with subacromial shoulder pain (Ratcliffe, Pickering, McLean, & Lewis, 2014). 

Two studies that assessed the differences in scapular rotations between symptomatic and 

asymptomatic participants with subacromial shoulder pain found no difference in scapular 

rotations (Struyf, Nijs, De Graeve, Mottram, & Meeusen, 2011; Su, Johnson, Gracely, & 

Karduna, 2004). These findings (Struyf, Nijs, De Graeve, Mottram, & Meeusen, 2011; Su, 

Johnson, Gracely, & Karduna, 2004) are in contrast to other studies (e.g., Borstad & Ludewig, 
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2002; Endo, Ikata, Katoh, & Takeda, 2001; Lawrence, Braman, Laprade, & Ludewig, 2014; 

Lin et al., 2005; Ludewig & Cook, 2000) comparing 3D scapular rotations between 

symptomatic and asymptomatic participants which also compared such rotations on the left 

and right shoulder joints of the participants. As for scapular upward/downward rotation, 

decreased upward rotation of the arm below 90° was found in patients with subacromial 

shoulder pain compared to asymptomatic groups (Borstad & Ludewig, 2002; Endo, Ikata, 

Katoh, & Takeda, 2001; Lawrence, Braman, Laprade, & Ludewig, 2014; Lin et al., 2005; 

Ludewig & Cook, 2000). However, in one study, increased upward scapular rotation was found 

in the symptomatic group (McClure, Michener, & Karduna, 2006). For scapular 

anterior/posterior tilt, most findings showed decreased scapular posterior tilt at arm elevation 

≥ 90° for subacromial pain groups (Borstad & Ludewig, 2002; Hebert, Moffet, McFadyen, & 

Dionne, 2002; Lin et al., 2005; Ludewig & Cook, 2000; Lukasiewicz, McClure, Michener, 

Pratt, & Sennett, 1999; Worsley et al., 2013). However, findings from two other studies showed 

increased scapular posterior tilt (Laudner, Myers, Pasquale, Bradley, & Lephart, 2006; 

McClure et al., 2006). For scapular internal/external rotation, only one study showed increased 

scapular internal rotation in symptomatic participants (Ludewig & Cook, 2000). This contrasts 

with other findings that showed no difference in scapular internal rotation between 

symptomatic and asymptomatic participants (Borstad & Ludewig, 2002; Endo et al., 2001; 

Hebert et al., 2002; Laudner et al., 2006; Lawrence et al., 2014; Lin et al., 2005; Lukasiewicz 

et al., 1999; McClure et al., 2006; Worsley et al., 2013). In summary, scapular dyskinesis has 

been described as: 1) loss or altered scapular upward rotation, 2) loss or altered scapular 

posterior tilt, 3) increased or no changes in scapular internal rotation (Giuseppe et al., 2020; 

Kibler, Sciascia, & Wilkes, 2012; Ludewig & Reynolds, 2009; Struyf, Nijs, Baeyens, et al., 

2011; Tate, McClure, Kareha, Irwin, & Barbe, 2009). 

    

Different directions and magnitudes of scapular rotations were reported when comparing 

participants experiencing subacromial shoulder pain with asymptomatic participants. The 

reason for these inconsistencies may be due to: 1) the multifactorial etiology of subacromial 

shoulder pain; 2) difficulties in attaching measuring instruments to the scapula; 3) differences 

in the design of studies for selecting the anatomical plane and degree of arm elevation; 4) the 

use of different instruments to obtain measurements and to locate sensors on scapular 

anatomical landmarks; 5) different systems of reference to calculate angles (i.e., an anatomical 
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coordinate system, or a global coordinate system); and 6) differences in the Euler sequence for 

the calculation of angular movement and the positioning of landmarks (Lempereur, Brochard, 

Leboeuf, & Remy-Neris, 2014; Ludewig, Hassett, LaPrade, Camargo, & Braman, 2010; 

Ratcliffe et al., 2014; Struyf, Nijs, Baeyens, et al., 2011; Timmons et al., 2012). In the following 

sections, we present a summary of previous investigations into the reliability and accuracy of 

different tools for measuring scapular rotations.   

 

2.3 Methods for assessing scapular rotations 

2.3.1 Laboratory-based methods for assessing scapular rotations  

In order to describe the differences in scapular rotations between symptomatic and 

asymptomatic individuals with shoulder pain, it is necessary to measure the 3D kinematics of 

scapular rotations. Scapular rotations can be assessed either through invasive techniques (e.g., 

intra-cortical pins placed in the scapula and direct measurement of scapular rotations through 

dynamic stereo X-ray – bone-based methods), or by non-invasive methods including fixing 

sensors on the skin upon scapular bony landmarks (skin-fixed methods) or using scapular 

locator (palpation-based method). Bone-based methods directly track bone motions and have 

high reliability and accuracy for measuring scapular rotations. Findings of previous studies 

showed the intra-cortical pin method has a standard error of measurement of 2° (Ludewig et 

al., 2009; McClure et al., 2001). The accuracy of measurement was also reported to be high 

with dynamic stereo X-ray. The Root Mean Square Error of measurement (RMSE) with 

dynamic stereo X-ray was very low, i.e., 0.25º (Bey, Zauel, Brock, & Tashman, 2006). 

However, despite such accuracy, bone-based methods are not feasible in clinical practice as 

they are invasive and studies using such methods are limited to small sample sizes (Chu et al., 

2012; Karduna, McClure, Michener, & Sennett, 2001).  

 

One non-invasive approach is to assess scapular rotations by palpating bony landmarks during 

arm elevation and placing tools on those landmarks (Lewis, Green, Reichard, & Wright, 2002). 

The scapular bony landmarks are the posterior angle of the acromion, the root of the scapular 

spine (trigonum spinae) and the inferior angle of the scapula (Van Andel, van Hutten, 

Eversdijk, Veeger, & Harlaar, 2009). One study defined the accuracy of palpation-based 
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methods in cadavers (Lewis et al., 2002). The measurement error was 0.008 cm for palpating 

the root of spine, 0.10 cm for palpating the acromion angel, and 0.04 cm for palpating the 

inferior angle of scapula. The scapular locator is a hand-held instrument comprising two 

crossing transparent plastic bars with three arms for placing on scapular bony landmarks 

(Brochard et al., 2011). Using a scapular locator has been reported to be a fast, easy and well 

standardized method of measuring actual scapular rotations (Lempereur, Brochard, Burdin, & 

Rémy-Néris, 2010; Lewis et al., 2002). One previous systematic review used term “silver 

standard” when referring to scapular locator as an instrument for measuring scapular rotations 

(Lempereur et al., 2014). 

 

Most of the skin-based methods permit dynamic measurement of scapular rotations in 

laboratory-based research or in a clinical setting, and have been shown to be reliable (Cutti, 

Giovanardi, Rocchi, Davalli, & Sacchetti, 2008; Haik et al., 2014; Roren et al., 2013; Van den 

Noort et al., 2014). However, a reliable method is not necessarily a valid method, as there may 

be a difference between true and measured values. Skin-based methods have the limitation of 

being sensitive to skin and soft tissue artefacts overlying the scapula (Lempereur et al., 2014). 

Skin-fixed methods have an RMSE ranging from 2° to 12° compared with intra-cortical pins 

and dynamic stereo X-ray (Bourne, Choo, Regan, Macintyre, & Oxland, 2009; Chu et al., 2012; 

Karduna et al., 2001). Additionally, because of skin slippage, the skin-fixed methods may 

underestimate scapular rotations compared with intra-cortical pin or dynamic stereo X-ray 

methods, particularly at higher arm elevation (Chu et al., 2012; Karduna et al., 2001). For 

example, scapular upward rotation was reported to be lower with skin-based methods than with 

stereo X-ray and intra-cortical pin methods (Chu et al., 2012; Karduna et al., 2001). 

 

The scapular locator can be used to enhance the validity of skin-fixed measures. The findings 

of previous studies showed that skin-fixed sensors underestimate scapular rotation compared 

with the scapular locator method, particularly in high arm elevation. For example, using an 

electromagnetic system or optoelectronic system, the skin-fixed sensors showed a difference 

in measurement between 7º to 14º for scapular upward rotation compared with the same upward 

rotation measured with a scapular locator (Lempereur et al., 2010; Meskers, van de Sande, & 

de Groot, 2007; Van Andel et al., 2009; Van den Noort et al., 2015). For this reason, previous 
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researchers recommended calibrating measurements obtained with skin-fixed sensors by using 

the scapular locator. It is possible to calibrate measurements from skin-fixed sensors by taking 

into account measurements obtained through scapular locator. That approach improves the 

accuracy of skin-fixed sensor measurements (Brochard et al., 2011). Two methods have been 

described in the literature: the single and double calibration. The single calibration method 

takes into account scapular rotations measured with skin-fixed and the scapular locator while 

participants are at rest, with arms in neutral position (Brochard et al., 2011). The double 

calibration method takes into account two scapular rotations measured at rest and with arm 

elevated (e.g., 120 degrees of abduction) (Brochard et al., 2011). The relationship between 

skin-fix sensors and scapular locator adjusts measurements from skin-fixed sensor and 

estimates scapular rotations more accurately during arm movement (Brochard et al., 2011; 

Lempereur et al., 2010; Lovern, Stroud, Evans, Evans, & Holt, 2009; Meskers et al., 2007). 

 

Since using a scapular locator is a palpation-based method, any lack of experience in the 

observer, or divergences in palpation by two or more observers, can influence measurement 

error. The standard error for test-retest intra-rater reliability using a scapular locator was 

reported to be less than 4° (Johnson, Stuart, & Mitchell, 1993; Shaheen, Alexander, & Bull, 

2011), and inter-rater reliability ranged from 4º to 6° during scapular plane arm elevation 

(Barnett, Duncan, & Johnson, 1999; Johnson et al., 1993; Meskers et al., 2007; Shaheen et al., 

2011). Another factor that may affect any measurement error is the time lapse between two 

measurements. Previous studies found lower between-day reliability compared with within-

day reliability when using skin-fixed electromagnetic sensors (Haik et al., 2014; Thigpen et al., 

2005). Quantifying the measurement error associated with measurements taken on different 

days is essential when using any instrument for measuring scapular rotations over a longer 

period of time (such as in an observational study). No previous study has assessed the between-

day reliability of scapular locator measurements. To address this, an intra-rater between-day 

reliability test of the scapular locator for measuring scapular rotations during arm elevation in 

asymptomatic participants was conducted (as described in Chapter 4). Findings from that study 

were used to inform the interpretation of findings obtained through our observational study 

(described in Chapter 5).   
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2.3.2 Clinical-based methods for assessing scapular rotations 

A reliable and validated clinical assessment method for the correct diagnosis of scapular 

dyskinesis enables clinicians and researchers to apply appropriate treatment. Several clinical 

methods including clinical tests and tools are available for assessing scapular positioning. 

These include measuring scapular rotation in one dimension (e.g., scapular protraction test, 

lateral scapular slide test, scapular inclinometer, and scapulometer) and the visual observation 

of the scapula during dynamic arm movement (e.g., the scapular dyskinesis test) (Curtis & 

Roush, 2006; Du, Huang, Hsu, & Lin, 2017; Kibler, 1998; Lee et al., 2015; McClure, Tate, 

Kareha, Irwin, & Zlupko, 2009; Nijs, Roussel, Vermeulen, & Souvereyns, 2005; Struyf et al., 

2009; Tucker & Ingram, 2012; Watson, Balster, Finch, & Dalziel, 2005).  

 

Findings in previous studies showed good to excellent reliability when assessing scapular 

positioning in one dimension. The scapular protraction test is designed to identify the scapular 

anterior tilt by measuring the distance between the posterior acromion angle and a table (when 

in a supine position) or a wall (when standing) (Lee et al., 2015; Nijs et al., 2005; Struyf et al., 

2009). The intraclass correlation coefficient (ICC) for the inter-rater reliability of the scapular 

protraction test ranged from 0.72 to 0.91 (Nijs et al., 2005; Struyf et al., 2009). The lateral 

scapular slide test was designed in order to identify scapular upward rotation (Nijs et al., 2005; 

Struyf et al., 2009). In that test, the observer measures the distance between the inferior angle 

of the scapula and the closest spinous process using a tape measure. The test is considered 

positive if there is more than 1.5 cm difference between the injured side and the normal side 

(Curtis & Roush, 2006; Kibler, 1998). The ICC for inter-rater reliability of lateral scapular slide 

test ranged from 0.70 to 0.86 (Curtis & Roush, 2006; Nijs et al., 2005). Similarly, a scapular 

inclinometer measures the degree of scapular upward rotation in relation to gravity (Watson et 

al., 2005). The instrument is placed between the root of the scapular spine and the posterolateral 

acromion (Tucker & Ingram, 2012; Watson et al., 2005). The inter-rater reliability of the 

scapular inclinometer ranged from 0.78 to 0.98. The scapulometer was designed for measuring 

the distance between the medial border or inferior angle of the scapula and the thoracic wall in 

order to assess scapular winging and tipping of the arm in a resting position (Du et al., 2017). 

The inter- and intra-rater of this tool was reported to be between 0.93 and 0.99 (Du et al., 2017; 

Huang, Chen, Du, & Lin, 2020).  
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Visual observation of the scapula is performed as a part of the scapular dyskinesis test. The 

scapular dyskinesis test consists of observing scapular movement in an upright position during 

flexion or abduction, with or without load (McClure et al., 2009; Struyf et al., 2009). The test 

uses two measurement methods (i.e., using either two or four scores) to evaluate scapular 

dyskinesis (Uhl et al., 2009). In the two-score method, scapular dyskinesis is considered to be 

present when there is obvious or subtle dyskinesis (‘yes’) or not (‘no’) where there is normal 

movement. In the four-score method, the scapular dyskinesis is sub-divided into 4 patterns: 

Pattern 1: scapular tipping; Pattern 2: scapular winging; Pattern 3: scapular elevation; Pattern 

4: normal movement (Uhl et al., 2009); some authors also added a Pattern 5 which is the 

combination of the first three patterns indicating scapular dyskinesis (Huang, Huang, Wang, 

Tsai, & Lin, 2015). Overall, the Kappa coefficient for inter-rater and intra-rater reliability for 

scapular dyskinesis test has been reported as being between 0.49 and 0.78 (Huang et al., 2015; 

McClure et al., 2009; Struyf et al., 2009). This test has been shown to be valid in identifying 

an ‘obvious scapular dyskinesis’ from normal scapular movement (in comparison with 

measuring scapular rotations with skin-fixed electromagnetic sensors) (Tate et al., 2009). 

Participants diagnosed with obvious scapular dyskinesis showed less scapular upward rotation 

and greater clavicular protraction compared with those who were diagnosed with normal 

scapular movement (Tate et al., 2009).  

 

Acceptable reliability and validity have been reported for assessing scapular asymmetry during 

static tests (Du et al., 2017; Struyf et al., 2009; Watson et al., 2005), however, movement-

related asymmetries of the scapula are not assessed in these tests and only one dimension of 

scapular rotations is assessed during static position. Clinicians should use a method that allows 

assessing scapular movement in multiple planes (Giuseppe et al., 2020; Kibler, Ludewig, 

McClure, Uhl, & Sciascia, 2009). The scapular dyskinesis test has the ability to identify 

scapular movement impairments during dynamic movement, and can be easily employed 

within a clinical setting. This test was used for assessing scapular rotations in patients with 

subacromial shoulder pain as described in Chapters 5 and 6.  
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2.4 Association between scapular dyskinesis and subacromial shoulder 
pain  

Scapular dyskinesis has been reported in both symptomatic and asymptomatic individuals with 

shoulder pain. Uhl et al. (2009) reported that the prevalence of scapular dyskinesis is 

significantly higher in symptomatic participants (the prevalence of scapular dyskinesis was 

reported 54% in symptomatic participants in comparison with 14% in asymptomatic 

participants during arm flexion), while Plummer et al. (2017) found no significant difference 

in the prevalence of scapular dyskinesis between symptomatic and asymptomatic participants 

(the prevalence of scapular dyskinesis was reported 67% in symptomatic participants and 62% 

in asymptomatic participants during arm flexion). Some researchers have suggested that 

scapular dyskinesis may be associated with subacromial shoulder pain (Giuseppe et al., 2020; 

Kibler, 1998; Kibler et al., 2013; Kibler et al., 2012; Ludewig & Reynolds, 2009); however, 

the clinical relevance of scapular dyskinesis and subacromial shoulder pain has yet to be 

established. Findings of a systematic review showed that 35% of asymptomatic athletes with 

scapular dyskinesis developed shoulder pain over 9 to 14 months’ follow-up, however, 25% of 

asymptomatic athletes without scapular dyskinesis also developed shoulder pain (Hickey et al., 

2018). Struyf et al. (2014) indicated that none of the scapular components at baseline are able 

to predict the onset of shoulder pain over the following 2 years, except that those participants 

who developed shoulder pain demonstrated significant lower scapular upward rotation at lower 

arm elevation.   

 

One method to investigate the relationship between scapular dyskinesis and subacromial 

shoulder pain is to explore the relationship between optimizing scapular rotations and the 

improvement in symptom presentation (Ratcliffe et al., 2014). For this purpose, scapular 

corrective maneuvers (e.g., scapular assistance test) is a test used during clinical assessment to 

assess the relevance of optimizing scapular rotations with pain relief (Kibler & Sciascia, 2010). 

However, different findings were reported on the association between pain and function scores 

with scapular dyskinesis. The findings from some studies indicated no difference in the score 

of pain and function between patients with and without scapular dyskinesis (Christiansen, 

Møller, Vestergaard, Mose, & Maribo, 2017; Huang, Huang, Ou, & Lin, 2016; Tate et al., 

2009). Other findings showed a lower pain score and functional limitations in a patients’ group 

with scapular dyskinesis compared with those with normal scapular rotations (Harris, Pedroza, 
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& Jones, 2012; Huang et al., 2020). Only in one study did patients with more functional 

limitations present with obvious scapular dyskinesis (Lopes, Timmons, Grover, Ciconelli, & 

Michener, 2015). The discrepancies in the findings of those studies with cross-sectional designs 

may indicate the contribution of other individual factors (e.g., age, sex, physical functioning, 

and previous shoulder injuries) that may affect the symptom presentation or scapular dyskinesis 

exposure. For example, findings showed that comorbidity, lower educational levels, and the 

female sex correlate with higher pain and disability presentation (Dunn et al., 2014; Harris et 

al., 2012). Similarly, Silva, Hartmann, Laurino, and Biló (2010) showed that the percentage of 

those presenting with scapular dyskinesis was significantly higher in tennis players than in non-

players. Struyf et al. (2014) demonstrated that in athletes, scapular dyskinesis (scapular 

winging and anterior tipping) is significantly higher on the dominant shoulder compared with 

non-dominant side. Studies with observational designs assess the intra-individual changes, 

symptoms, and scapular rotations over a period of time, and so are less likely to be affected by 

individual factors.  

 

Different findings were reported on the association between change in pain or function scores 

with changes in scapular rotations. Out of two laboratory-based studies Wassinger, Sole, and 

Osborne (2013) showed experimentally-induced pain in the subacromial space in the 

asymptomatic individuals increased the scapular upward rotation. Scibek, Mell, Downie, 

Carpenter, and Hughes (2008) showed an immediate decrease in pain in patients with 

subacromial shoulder pain (patients with full thickness rotator cuff tear) following a lidocaine 

injection leading to increased scapular internal rotation during arm flexion. These studies 

(Scibek et al., 2008; Wassinger et al., 2013) provide some evidence that changes in pain may 

be associated with changes in scapular rotations. However, a limitation of experimental pain 

studies is that given their experimental design, experimental pain studies do not consider 

structural changes (e.g. rotator cuff tears) nor psychosocial factors that may contribute towards 

patients’ symptom presentation (Wassinger et al., 2013). One study with an observational 

design showed that pain and function scores at baseline are not prognostic factors for changes 

in scapular rotations (Christiansen et al., 2017). It is still unclear whether changes in pain or 

function over time may be correlated with changes in scapular rotations in patients with 

subacromial shoulder pain. For this purpose, we designed a prospective cohort study, described 

in Chapter 5, to explore the association between changes in pain or function scores with 
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changes in scapular rotations and scapular dyskinesis in patients with subacromial shoulder 

pain.  

 

2.5 Management of subacromial shoulder pain  

Conservative approaches suggested for treatment of subacromial shoulder pain include 

medication, advice and education, corticosteroid injection, acupuncture and physiotherapy 

interventions (Bergman et al., 2010; Reilingh et al., 2008). Physiotherapy interventions are 

considered the first line of management for subacromial shoulder pain (Heijden & J.M.G, 1999; 

Virta et al., 2009). Physiotherapy interventions encompass a broad range of interventions 

including exercise, manual therapy, and electrotherapy modalities (Page, Green, McBain, et 

al., 2016; Page, Green, Mrocki, et al., 2016). The following is a review of current literature on 

the effectiveness of physiotherapy interventions for subacromial shoulder pain.  

 

Findings from previous systematic reviews indicated that physiotherapy-led exercise has an 

equal effect as surgery at long-term (> one year) follow-up (Consigliere et al., 2018; Haik et 

al., 2016; Kromer et al., 2009; Littlewood et al., 2013; Sean et al., 2015). Within physiotherapy 

interventions, there is high quality evidence for the efficacy of exercise therapy compared with 

‘no treatment’ or placebo for short-, mid- and long-term follow-up (Gebremariam et al., 2014; 

Haik et al., 2016; Hanratty et al., 2012; Littlewood et al., 2013; Page, Green, McBain, et al., 

2016; Pieters et al., 2020; Sean et al., 2015). Findings indicated similar effectiveness of home-

based exercise and supervised exercise in clinic (Kromer et al., 2009; Sean et al., 2015). The 

results of systematic reviews showed using manual techniques, either alone or in conjunction 

with other interventions, create improvements in pain compared with placebo (inactive 

ultrasound therapy) that may or may not be clinically important (Desjardins-Charbonneau et 

al., 2015; Page, Green, McBain, et al., 2016). Combining manual therapy with exercise resulted 

in additional benefits in the short term (<4 weeks) for reducing pain when compared with 

exercise alone (Desjardins-Charbonneau et al., 2015; Gebremariam et al., 2014; Green et al., 

2003; Haik et al., 2016; Pieters et al., 2020). Prior systematic reviews did not endorse the 

effectiveness of electrotherapy modalities as an additional component to exercise (Haik et al., 

2016; Page, Green, Mrocki, et al., 2016). Similarly, they did not support the application of low-

level laser therapy, ultrasound, or electromagnetic field therapy for subacromial shoulder pain 
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(Gebremariam et al., 2014; Green et al., 2003; Haik et al., 2016; Kromer et al., 2009; Littlewood 

et al., 2013).  

 

Although evidence is increasing and strengthening for the effectiveness of exercise and manual 

therapy (Pieters et al., 2020), current literature still provides little guidance for treatment. It is 

unclear which type of exercise leads to better clinical outcomes. For example, it is believed 

that the imbalance in the control of the scapula frequently compromises the dynamic stability 

of the shoulder (Ludewig & Reynolds, 2009). Thus, rehabilitation programs that focus on 

restoring normal scapular rotations might be effective for the treatment of subacromial shoulder 

pain (Giuseppe et al., 2020; Kibler et al., 2013). However, findings from previous studies were 

inconsistent in showing an association between improvements in scapular dyskinesis and 

improvements in pain and function scores. The results of systematic reviews showed a 

scapular-focused approach (including scapular training, mobilization, and taping) improve pain 

and function compared with a general approach (including rotator cuff training, stretching, 

placebo and soft-tissue massage), but showed conflicting evidence for improving scapular 

dyskinesis (Bury et al., 2016; Reijneveld et al., 2017; Saito et al., 2018). These findings should 

be treated with caution as they were based on limited or low-quality evidence due to small 

sample sizes, heterogeneity of scapular-focused interventions (e.g., scapular exercise, taping 

and scapular mobilization) and comparison groups (e.g., rotator cuff training, stretching, 

placebo, soft tissue massage and advice), follow-up periods, and outcome measures for 

assessing scapular dyskinesis.    

 

Motor control training generally refers to the dynamic control of the shoulder complex 

(Magarey & Jones, 2003a). It includes multimodal instructions using visual, verbal, and tactile 

cues to focus on the control of scapula and arm movements (Matsui, Tachibana, & Magarey, 

2014; Roy, Moffet, McFadyen, & Macdermid, 2010; Seitz, Kocher, & Uhl, 2014). It is 

suggested that a balance of muscle activities in terms of timing and the pattern of recruitment 

between muscles is more important than strengthening individual muscles (Lewis, McCreesh, 

Roy, & Ginn, 2015; Magarey & Jones, 2003b). Findings from previous clinical trials indicated 

some beneficial effects of motor control training compared with controls (Bae, Lee, Shin, Kim, 

& Lee, 2011; Beaudreuil et al., 2011; Ginn & Cohen, 2005; Marzetti et al., 2014; Struyf et al., 
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2013). However, the benefits of motor control still need to be investigated, as those studies had 

differences in terms of control interventions (general strengthening exercises, electrotherapy 

and mobilization), outcome measures and findings. For example, in only one of those studies 

was the efficacy of motor control reported in terms of scapular rotations. That study, with a 

small sample size, showed significant changes in pain and function in favor of scapular motor 

control over control intervention (rotator cuff strengthening training and scapular mobilization) 

but no difference in scapular rotations (Struyf et al., 2013). It is not clear if the beneficial effect 

of motor control training is related to optimizing scapular rotations or other interventional 

effects (e.g., effects associated with improvements in psychomotor skills (Werner et al., 2011)). 

Another study, using a repeated measure design and small sample size showed significant 

changes in pain, function, and scapular rotations (changes toward reducing scapular dyskinesis) 

when followed by motor control training (Worsley et al., 2013). Therefore, more high quality 

RCTs with adequate sample sizes are needed to investigate the effect of motor control training 

on pain, function and scapular dyskinesis.   

 

Manual therapy may provide further benefit if it is used in addition to exercise therapy (Pieters 

et al., 2020). However, the manual therapy used in the studies was varied so it is unclear which 

form of manual therapy leads to better clinical outcomes (Desjardins-Charbonneau et al., 2015; 

Pieters et al., 2020). It is recommended that manual therapy needs to be tailored to specific 

impairment to achieve better treatment effect (Desjardins-Charbonneau et al., 2015).  There is 

a need for research to investigate different types of both exercise and manual therapy in the 

management of subacromial shoulder pain to provide clear instructions and recommendations 

(Pieters et al., 2020). 

 

Some other limitations were evident in the reporting of studies aimed at evaluating the efficacy 

of interventions on changes in scapular dyskinesis. Despite using an electromagnetic tracking 

system providing accurate measurement on changes in scapular rotation, there was no reporting 

on the presence of scapular dyskinesis at baseline (Camargo et al., 2015; McClure, Bialker, 

Neff, Williams, & Karduna, 2004; Roy, Moffet, Hebert, & Lirette, 2009; Turgut et al., 2017; 

Wang, McClure, Pratt, & Nobilini, 1999; Worsley et al., 2013). So, assessing scapular 

dyskinesis at baseline may help clinicians to have a better understanding of the course of 
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changes in scapular dyskinesis. Some prior studies also used clinical tests (scapular 

inclinometer, scapular protraction test, and lateral scapular slide test) for assessing scapular 

rotations (Başkurt Z., Başkurt F., Gelecek, & H. Özkan, 2011; Moezy, Sepehrifar, & Solaymani 

Dodaran, 2014; Struyf et al., 2013). However, these tests only assessed one direction of 

scapular rotation and were performed in static conditions.  

 

For this reason, we planned an RCT for assessing the efficacy of motor control training and 

manual therapy tailored to the individual impairment (termed as ‘tailored training’) compared 

with general strengthening training (termed as ‘standardized exercise’). In this study, we assess 

changes in pain, function and scapular dyskinesis. For the purpose of scapular assessment, the 

clinical scapular dyskinesis test is used to report potential dynamic movement patterns of 

scapular rotations at baseline and at follow-up sessions. Before conducting a full RCT study, a 

feasibility RCT was conducted to assess the participants’ recruitment rate, adherence to the 

rehabilitation program, dropout rate, and to estimate adverse reactions, and intervention effects 

to inform the sample size in full RCT. The findings of this study are reported in Chapter 6.   

 

2.6  Summary 

Controversial findings on the association of scapular dyskinesis and subacromial shoulder pain 

created a need to explore the correlation of changes in pain and function with changes in 

scapular rotations during an observational study (Chapter 5). Additionally, there is a need to 

conduct an RCT for assessing which type of exercise therapy leads to better clinical outcomes 

in patients with subacromial shoulder pain. The feasibility of this RCT is described in Chapter 

6. The next chapter is a systematic review and meta-analysis on the clinical course of pain and 

function in patients with subacromial shoulder pain over time. This review provides a source 

of expected changes in pain and function over time if patients receive ‘no intervention’ or 

‘usual care’ after initial consultation. As the aim is to improve the quality of the intervention 

in primary health care, the findings of this systematic review will be used as a source of 

comparison for our interventional study. 
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3 Clinical course of pain and function in participants with 

subacromial shoulder pain: A systematic review and meta-

analysis 

3.1 Overview  

Subacromial shoulder pain has been reported to be the third most common musculoskeletal 

disorder, associated with disability, large health cost, and sick leave. Only 20 to 50% percent 

of patients with shoulder pain seek treatment, and different recovery rates were reported for 

those patients who refer to primary care. Full recovery rates were reported to range from 23% 

at 6 months to 85% at 3 years. It is difficult to obtain a pooled estimate of recovery as studies 

involved different cohorts of participants, and various definitions of recovery from subacromial 

shoulder pain. It might be useful to describe the changes for pain and function over time. This 

systematic review aimed to define the clinical course of pain and function for patients with 

subacromial shoulder pain who received ‘usual care’ within primary health care or who 

remained without treatment. The information generated by this systematic review described 

the expected changes in pain and function scores over time. Future studies can refer to those 

expected changes as a reference for interpreting their findings. The results of this systematic 

review informed the data analysis of the experimental study in Chapter 6.   
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3.2 Introduction 

A considerable variation in the rate of recovery has been reported for patients with subacromial 

shoulder pain (Bonde et al., 2003; Cummins et al., 2009; Heijden & J.M.G, 1999; Kuijpers et 

al., 2004). It was reported that between 23% and 50% of patients with a new episode of shoulder 

pain improved after six months (Heijden & J.M.G, 1999; Kuijpers et al., 2004). Bonde et al. 

(2003) reported that 50% of the construction workers in their study improved after ten months. 

Cummins et al. (2009) reported that 23% of patients with subacromial shoulder pain still have 

persistent shoulder pain after two years, and findings of another study suggested that 13.6% of 

patients with shoulder pain still consult their GPs after three years (Linsell et al., 2006). The 

variation in the recovery rate reported by previous studies, and in the time of follow-up 

highlights the need to increase our understanding of expected rates of improvement for 

subacromial shoulder pain over time.   

 

Different factors may affect the rate of recovery. Some psychosocial factors include the type 

of work carried out by the patient and the area in which they live. Bodin et al. (2014) showed 

that male French workers who fully recovered were more likely to be managers and 

professionals compared with those in the non-recovery group who were more involved in 

physically demanding and repetitive jobs. People living in the rural areas were shown to 

recover more slowly compared with those who live in the city (Herin et al., 2012). Other 

psychosocial factors that may be associated with delayed recovery include having lower 

education levels (<12 years) (Engebretsen, Grotle, Bautz-Holter, Ekeberg, & Brox, 2010), low 

levels of social support (Bonde et al., 2003), depression (Gill et al., 2013), being a smoker (Gill 

et al., 2013), and having higher catastrophizing scores (pessimistic views) (Reilingh et al., 

2008). Patients with persistent pain and higher catastrophic scores experienced poor recovery 

(Reilingh et al., 2008). On the other hand, having an optimistic expectation of full recovery or 

high pain self-efficacy leads to a better treatment outcome compared with a pessimistic 

perspective or low self-efficacy (Chester, Jerosch-Herold, Lewis, & Shepstone, 2018).  

 

As for clinical factors, patients with previous shoulder pain history reported higher pain and 

disability scores after a one-year follow-up (Engebretsen et al., 2010). Swimmers with a history 

of shoulder pain were 4 to 11 times more likely to have shoulder pain than those without any 
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such previous history (Walker, Gabbe, Wajswelner, Blanch, & Bennell, 2012). Longer 

symptom duration, and higher pain and disability scores at baseline were shown to increase the 

chances of poor recovery (Chester et al., 2018; Chester et al., 2013; Kooijman et al., 2015; 

Struyf, Geraets, Noten, Meeus, & Nijs, 2016). Patients with bilateral shoulder pain (De Witte 

et al., 2016), or patients with pain in other joints (i.e., foot, back, neck and elbow) had a slower 

recovery (Bodin et al., 2014; Gill et al., 2013). Moderate evidence indicated that increasing age 

is associated with slower recovery (Chester et al., 2013; Struyf et al., 2016). 

 

Only 20 to 50% of patients with shoulder pain appeared to seek primary care (Heijden & J.M.G, 

1999; Linsell et al., 2006). For those patients who referred themselves to primary care, the rate 

of recovery was different, from 23% at 6 months (Heijden & J.M.G, 1999) to 85% at 3 years 

(Bodin et al., 2014; Bonde et al., 2003; Linsell et al., 2006). Possible reasons for the reported 

range of recovery by those previous studies include recruiting different population groups and 

adopting different definition for subacromial shoulder pain. Observational studies that reported 

changes in pain and function scores in patients with subacromial shoulder pain are scarce, and 

confined to those who received treatment within primary health care (Masters, O'Doherty, 

Mitchell, & Yelland, 2007; Reilingh et al., 2008). We lack observational studies to report the 

clinical course of pain for those patients without treatment. Summarizing the clinical course of 

pain and function for research participants who have not received interventions, or who receive 

interventions that reflected those in primary care (usual care), may better define expected 

recovery rates.  

 

The aims of this review were to: 

1) systematically assess the clinical course of pain and function in patients with subacromial 

shoulder pain who received either ‘usual care’ or ‘no intervention’; 

2) determine whether the patterns of change between pain and function were similar among 

patients with subacromial shoulder pain who received ‘usual care’ or ‘no intervention’ 

respectively. 
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3.3 Methods 

This systematic review and meta-analysis follows the Preferred Reporting Items for Systematic 

Reviews and Meta-Analyses (PRISMA) statement (Liberati et al., 2009). The protocol was 

registered at the International Prospective Register of Systematic Reviews (PROSPERO: 

CRD42016052518) and published in BMJ Open (Jafarian Tangrood, Gisselman, Sole, & 

Ribeiro, 2018). 

 

3.3.1 Study characteristics 

Studies were assessed for eligibility based on the following criteria: 1) enrolled participants 

with subacromial shoulder pain; 2) published in any language; 3) randomized clinical trials, 

experimental studies or prospective cohort studies; 4) enrolled participants received ‘usual 

care’ or ‘no intervention’; 5) had follow-ups longer than 2 weeks after their initial assessment 

at the beginning of the study.  

 

3.3.2 Types of intervention 

Studies offering ‘no intervention’ or ‘usual care’ groups were considered eligible. ‘No 

intervention’ referred to participants allocated to a waiting list, or to control groups receiving 

no form of treatment in a trial. ‘Usual care’ was defined as any form of primary healthcare 

treatment routinely prescribed by healthcare professionals (e.g., GPs and physiotherapists) for 

patients with subacromial shoulder pain (Bergman et al., 2010; Geraets et al., 2006; Reilingh 

et al., 2008). Studies that used ‘standard care’ were also included. ‘Usual care’ and ‘standard 

care’ are heterogeneous by definition. Usual care can vary within- and between-countries 

(Smelt, van der Weele, Blom, Gussekloo, & Assendelft, 2010) and may include education, 

advice, oral analgesic, non-steroid anti-inflammatory drugs, physiotherapy, corticosteroid 

injection, massage and exercise prescription. Studies with the aforementioned interventions 

were included as long as the authors clearly stated that these were a part of ‘usual care’ offered 

to patients in their respective healthcare systems (Bergman et al., 2010). Exploring the clinical 

course of pain and function of participants randomized to ‘no intervention’ or ‘usual care’ 

groups was more relevant for outcomes of shoulder pain in the community context at primary 

care level. We excluded placebo or sham interventions from this review. Placebo or sham 

interventions can have effects on pain and function, thereby potentially influencing outcomes 
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compared with individuals in the community who sought no treatment or who received usual 

care (Gu et al., 2017; Rossettini, Carlino, & Testa, 2018).  

 

3.3.3 Types of outcome measure  

Studies were included if they reported pain or function scores. For pain outcome measures, 

examples include Visual Analogue Scale (VAS), the Numeric Pain Rating Scale (NPRS), 

SPADI-Pain, or Shoulder Pain Score. For function outcome measures, examples include 

Shoulder Pain and Disability Index Total (SPADI Total), Shoulder Rating Questionnaire 

(SRQ) or Disabilities of Arm, Shoulder, and Hand (DASH) questionnaire, and the Patient 

Specific Functional Scale (PSFS). 

 

3.3.4 Participants  

Studies with participants aged 18 years or older with subacromial shoulder pain were included. 

Subacromial shoulder pain was defined as pain at the shoulder joints, with and without pain in 

the neck and elbow, that worsens during arm movements especially overhead activities 

(Bergman et al., 2010; Littlewood et al., 2016). We included diagnostic terms of subacromial 

shoulder pain, subacromial pain disorders, rotator cuff tendinopathy, rotator cuff syndrome or 

disease, rotator cuff-related pain syndrome, rupture or tears of rotator cuff muscles, 

subacromial bursitis, anterolateral shoulder pain or non-specific shoulder pain (Cools & 

Michener, 2017). Studies with more than 5% of participants with shoulder pain due to 

neurological disorders, hemiplegia following stroke, capsulitis, severe trauma, shoulder 

fracture, instabilities, history of shoulder surgeries, and with concomitant systematic disease 

(e.g., diabetes, cancer and rheumatoid disorders) were excluded (Lee, Kilbreath, Refshauge, 

Herbert, & Beith, 2008). Studies that included participants with ‘neck and shoulder pain’ were 

included if pain or function data regarding shoulder pain was reported separately from neck 

pain. 

  

3.3.5 Search strategy 

Electronic searches were conducted using following databases: Medline, Embase, Cochrane 

Library and AMED (via Ovid), Web of Science, and Scopus from the date of inception to 15th 
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March 2017 by PhD candidate (ZJT). Our search strategy included three search categories (i.e., 

shoulder pain, intervention type, and prognosis) as described in Table 3-1. The completed 

search strategy used for all databases is summarized in Appendix A1. 

 
Table 3-1 Keywords used for data search. 

Population Intervention  Prognosis  

Shoulder No intervention  Prognosis 

Musculoskeletal disorders Standard care Clinical course 

Shoulder pain Usual care  Natural course 

Shoulder impingement syndrome Waiting list Course of pain 

Shoulder problems Wait and see Course of shoulder 

Rotator cuff No exercise Inception 

Subacromial pain syndrome Ergonomics Follow-up 

Subacromial impingement Usual therapeutic approach Recovery 

Painful arc   

Shoulder complaints   

Shoulder disorders   

Non-specific shoulder   

 

3.3.6 Study selection 

After deletion of duplicates, two reviewers (ZJT, DCR) independently screened titles and 

abstracts using the criteria described above. Then, two reviewers screened the full-text to 

determine whether these studies met the inclusion criteria. In the case of any disagreement 

between reviewers, the third or fourth reviewers (ASG and GS) were consulted, and a final 

decision was made by consensus. 

 

3.3.7 Data collection process  

Two reviewers (ZJT and ASG) independently extracted the following information: study 

design, country, sample size, participants’ characteristics, symptoms’ duration, group 

allocation (‘no intervention’, and ‘usual care’), follow-up time points, and outcome measures. 

All extracted data were checked by ZJT and disagreement was resolved by discussion between 

the reviewers (ZJT and ASG). In the case of insufficient data reported by the studies, ZJT 

contacted the authors for the data and waited one month to receive a reply.  
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To avoid selection bias, for studies that reported more than one outcome measure for pain or 

function, we adopted the following criteria for selecting which outcome measures to use in our 

review (Page et al., 2014). First, we identified which outcome measure was the most frequently 

used by included studies. Second, if a study did not use the most frequent outcome measure 

but reported more than one outcome measure for pain or function, we selected the outcome 

measure with the highest correlation with the most commonly reported outcome measure by 

other studies. With respect to pain, the first option was to use average pain (during 24 hours or 

during the last week) measured with the Visual Analogue Scale (VAS) or Numeric Pain Rating 

Scale (NPRS)] as was agreed by reviewers. If average pain was not reported, ‘pain at rest’ was 

the second option that was favored over ‘pain during movement’, as the latter is likely to be 

influenced by the level of function or disability (Srikandarajah & Gilron, 2011). With respect 

to function outcome measures, where possible, we opted for extracting the following outcome 

measures: Shoulder Pain and Disability Index Total (SPADI Total), Shoulder Rating 

Questionnaire (SRQ) or Disabilities of Arm, Shoulder, and Hand (DASH) questionnaire. We 

opted for these outcomes as those are strongly correlated with each other (Paul et al., 2004; 

Roy, MacDermid, & Woodhouse, 2009). The strategy adopted in this review for selecting the 

outcome measures helped to helped to improve transparency on how outcome measures were 

selected (Prinsen et al., 2018).  

 

3.3.8 Risk of bias within included studies 

Two reviewers (ZJT and ASG) independently assessed the risk of bias and methodological 

quality of included studies. The risk of bias within RCTs was assessed using the Cochrane Risk 

of Bias tool (Higgins et al., 2011). This tool has six domains including selection bias, 

performance bias, detection bias, attrition bias, reporting bias, and other sources of bias. Each 

domain is rated as ‘low’, ‘high’ or ‘unclear risk of bias’. For the purpose of this review, for 

grading attrition bias (i.e., incomplete outcome data), a drop-out greater than 20% was 

considered as ‘high risk’ (Fewtrell et al., 2008). For other domains, we followed the Cochrane 

guidelines for RCT studies. When assessing performance bias, a low risk of bias was 

considered for all included trials, given that this review’s aims and design did not include 

comparisons between two groups.  
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Risk of bias within observational studies was assessed using a tool proposed by Altman 

(Altman, 2001; Costa et al., 2012). This tool has two items focused on sampling, two on follow-

up, and one item on prognostic outcomes. Each item was categorized with ‘yes’, ‘no’, or 

‘unclear’. Disagreements between reviewers were resolved by discussion and, if needed, by 

consulting with third (DCR or GS) reviewer. The overall risk of bias for RCT and observational 

studies was reported individually for each domain and considered when interpreting data.  

 

3.3.9 Strategy for data synthesis  

We summarized pain and function scores for patients who received ‘no intervention’ or ‘usual 

care’. When possible, we summarized ‘acute’ or ‘persistent’ subacromial shoulder pain based 

on mean or median duration of symptoms at baseline. For the purpose of our review, pain 

symptoms lasting less than 3 months in duration were considered ‘acute’ (Masters et al., 2007; 

Ottenheijm et al., 2016; Reilingh et al., 2008); whereas, symptoms lasting for 3 months and 

longer were considered ‘persistent shoulder pain’ (Geraets et al., 2005; Reilingh et al., 2008). 

When mean or median duration values were not available, we followed the study’s inclusion 

criteria and their classification (Costa et al., 2012). Where sufficient information was not 

available regarding the duration of symptoms of participants, ZJT contacted the corresponding 

author. In the case of no response from authors, that study was allocated to persistent shoulder 

pain studies.  

 

To standardize the outcome measures among studies, we converted the dependent outcome 

(pain and function) into a common 0–100 scale. This approach allows merging scores from 

different outcome measures and has been adopted by previous systematic reviews (Bury et al., 

2016; Costa et al., 2012; Higgins & Green, 2011; Smith, Littlewood, & May, 2014). Higher 

scores represented higher levels of pain or functional impairment. The conversions were 

performed using the following equation: x = mean∗100
full score

 (X indicates the converted score, mean 

is the reported score of an outcome measure and full score refers to total score of an outcome 

measure). For the outcome measure with inverted scores (such as PSFS where greater scores 

signify better function), we reversed the scores first and then used these in the equation given 

above. For reporting the changes in pain and function scores, follow-up scores were deducted 

from baseline so that change scores with positive sign refers to clinical improvement.  
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3.3.10 Statistical analysis 

We used qualitative synthesis for outcomes when meta-analysis was not possible. For the 

purpose of this review, conducting a meta-regression was planned initially, provided that the 

number of studies for each specific outcome (pain and disability) in the ‘no intervention’ and 

‘usual care’ categories were more than 10 (Renehan, Tyson, Egger, Heller, & Zwahlen, 2008; 

Thompson & Higgins, 2002). Although more than 10 studies reported pain outcome measures 

for ‘usual care’ category, meta-regression was not performed for the purpose of this thesis. 

This decision was made due to complexity related to performing that type of analysis within 

the confines of this PhD. For the purpose of publication, the meta-regression analysis was 

performed by the primary supervisor and was included in the manuscript submitted for 

publication.  

 

We used RevMan 5.3 (Copenhagen: The Nordic Cochrane Centre, The Cochrane 

Collaboration, 2014) for meta-analyzing the clinical courses of pain and function outcomes for 

patients receiving usual care, and patients receiving ‘no intervention’. Meta-analyses were 

performed by pooling changes in pain or function scores between baseline and follow-up 

(expressed as mean and SD), and mean and SD differences for studies that provided only mean 

and SD differences. Follow-ups were categorized as follows: 6 weeks (2 to 6 weeks), 3 months 

(more than 6 weeks to 3 months), 6 months (more than 3 to 6 months) and 12 months (more 

than 6 to 12 months) from study entry. Generic inverse variance was used for calculating the 

changes in pain or function scores between follow-up and baseline, for each time point. A 

random effects model was used to standardize the between-studies variance during meta-

analyses (e.g., variance due to differences in participants’ clinical characteristics or sequence 

of treatment) (Gough, Oliver, & Thomas, 2017). Given all scores were converted into one scale 

ranging from 0 to 100, effect sizes were reported as mean differences and 95% confidence 

intervals (Bury et al., 2016; Costa et al., 2012; Higgins & Green, 2011; Smith et al., 2014). 

Heterogeneity was assessed using I2 (Higgins & Green, 2011) where I2 less than ‘30%’ was 

considered as not important heterogeneity; between ‘30-60%’ was considered to be moderate; 

‘60 to 90%’ was considered to be substantial; and ‘90 to 100%’ was treated as demonstrating 

considerable heterogeneity (Higgins & Green, 2011). Sub-group analyses were conducted 

based on duration of shoulder pain (acute or persistent pain). 
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In order to create a better understanding of the clinical course, the baseline pain and function 

scores in each category (i.e., ‘no intervention’ and ‘usual care’) were pooled. Pooling data was 

performed in Excel 2013 based on a formula described in the Cochrane Handbook (Higgins & 

Green, 2011). This formula was used for combining data from two or more groups. 

 

3.4 Results 

3.4.1 Study selection 

The original search yielded 3,705 studies. After removal of 1,010 duplicates, the titles and the 

abstracts of 2,695 potentially relevant studies were screened and the full text of 82 articles was 

included and read. We contacted the authors of 18 studies, requesting additional information 

about their methods or data (Andersen et al., 2012; Andersen et al., 2008; Blangsted, Sogaard, 

Hansen, Hannerz, & Sjogaard, 2008; Bron et al., 2011; Chary-Valckenaere et al., 2018; Choi, 

Lee, & Chung, 2013; Dickens, Williams, & Bhamra, 2005; Geraets et al., 2005; Gram et al., 

2014; Kachingwe, Phillips, Sletten, & Plunkett, 2008; Ketola et al., 2002; Laslett, Steele, Hing, 

McNair, & Cadogan, 2014; Littlewood et al., 2016; Littlewood, Malliaras, Mawson, May, & 

Walters, 2014; Masters et al., 2007; Miller & Osmotherly, 2009; Reilingh et al., 2008; Roberts 

& Li, 2014; Winters, Sobel, Groenier, Arendzen, & Meyboom-de Jong, 1997). Eight authors 

responded (Blangsted et al., 2008; Choi et al., 2013; Littlewood et al., 2016; Littlewood et al., 

2014; Masters et al., 2007; Reilingh et al., 2008; Roberts & Li, 2014; Winters et al., 1997). 

Two authors informed us that the requested data were not available (Masters et al., 2007; 

Reilingh et al., 2008). 

 

A flowchart of the process used to select studies is presented in Figure 3-1. All studies were 

published in English. We found one study published in German (Bergman et al., 2005) which 

was excluded as we had access to the English version of that study (Bergman et al., 2010). 

Nineteen studies (15 RCTs and 4 observational studies) were included in the qualitative 

synthesis. Out of these, 17 studies were included in the meta-analyses and two studies were 

only assessed qualitatively (Dickens et al., 2005; Miller & Osmotherly, 2009). Out of those 

two, one study presented data for participants who received ‘no intervention’. In that study, the 

follow-up lasted until 6 months (Dickens et al., 2005), while in other studies allocated in meta-
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analyses to the ‘no intervention’ category, participants were followed up to 3 months (Bron et 

al., 2011; Choi et al., 2013; Lombardi, Magri, Fleury, Da Silva, & Natour, 2008; Ludewig & 

Borstad, 2003; Van den Dolder & Roberts, 2003). Another study reported findings for 

participants receiving ‘usual care’. In that study, data were reported as in the median and 

interquartile range (Miller & Osmotherly, 2009). There are guidelines to convert the median 

and interquartile range to mean and SD (Wan, Wang, Liu, & Tong, 2014), but we decided to 

report these data qualitatively as when the data are skewed, they are reported as median and 

interquartile range (Higgins & Green, 2011).  
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Figure 3-1 Flow chart. 

 

 

3.4.2 Study characteristics  

A detailed summary of study characteristics is provided at Table 3-2. Nineteen studies yielded 

a total of 1,117 participants with subacromial shoulder pain (45.5% men and 54.5% women). 

Six studies included a total of 163 participants who received ‘no intervention’ (Bron et al., 

2011; Choi et al., 2013; Dickens et al., 2005; Lombardi et al., 2008; Ludewig & Borstad, 2003; 

Van den Dolder & Roberts, 2003). Thirteen studies recruited 954 participants who received 
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‘usual care’. (Bergman et al., 2010; Geraets et al., 2005; Kachingwe et al., 2008; Laslett et al., 

2014; Littlewood et al., 2016; Littlewood et al., 2014; Miller & Osmotherly, 2009; Ottenheijm 

et al., 2016; Reilingh et al., 2008; Roberts & Li, 2014; Winters et al., 1997; Zebis et al., 2011; 

Zhang et al., 2016). The mean age for all participants in included studies ranged from 44.0 to 

65.9 years. 

 

Six studies reported findings from participants with persistent shoulder pain who received ‘no 

intervention’, and five of these studies were pooled for meta-analyses (Bron et al., 2011; Choi 

et al., 2013; Lombardi et al., 2008; Ludewig & Borstad, 2003; Van den Dolder & Roberts, 

2003). All participants receiving ‘no intervention’ were allowed to use medication when 

needed. Thirteen studies included participants who received ‘usual care’. Data from 12 of these 

13 studies were pooled for meta-analyses (Bergman et al., 2010; Geraets et al., 2005; 

Kachingwe et al., 2008; Laslett et al., 2014; Littlewood et al., 2016; Littlewood et al., 2014; 

Ottenheijm et al., 2016; Reilingh et al., 2008; Roberts & Li, 2014; Winters et al., 1997; Zebis 

et al., 2011; Zhang et al., 2016). Of these thirteen studies, 11 studies recruited participants with 

persistent pain (Bergman et al., 2010; Geraets et al., 2005; Kachingwe et al., 2008; Laslett et 

al., 2014; Littlewood et al., 2016; Littlewood et al., 2014; Miller & Osmotherly, 2009; Roberts 

& Li, 2014; Winters et al., 1997; Zebis et al., 2011; Zhang et al., 2016), and 2 studies recruited 

participants with acute pain (Ottenheijm et al., 2016; Reilingh et al., 2008).  

 

‘Usual care’ consisted of the following: (1) ‘multimodal usual care’, which included 

medication, corticosteroid injection, and referral to a physiotherapist or specialist (Bergman et 

al., 2010; Geraets et al., 2005; Laslett et al., 2014; Ottenheijm et al., 2016; Reilingh et al., 2008; 

Winters et al., 1997); (2) ‘exercise and advice’, which included advice to stay physically active 

and limit overhead activities, home exercise without any input from physiotherapists, and heat 

or cold therapy (Kachingwe et al., 2008; Zebis et al., 2011; Zhang et al., 2016); and (3) 

‘conventional physiotherapy intervention’, which included advice, stretching, specialized 

exercise, manual therapy, electrotherapy, and taping at the discretion of the physiotherapists 

(Littlewood et al., 2016; Littlewood et al., 2014; Miller & Osmotherly, 2009; Roberts & Li, 

2014).  
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Length of follow-up varied among studies. In studies that included ‘no intervention’, follow-

up ranged from 2 weeks to 6 months (Dickens et al., 2005; Van den Dolder & Roberts, 2003). 

In studies offering ‘usual care’, follow-up ranged from 4 weeks to 12 months (Laslett et al., 

2014; Littlewood et al., 2016; Ottenheijm et al., 2016; Winters et al., 1997; Zhang et al., 2016).   
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Table 3-2 A summary of study characteristic. 

Study  Country Participants Shoulder pain 
classification 

Shoulder pain 
duration 

Group allocation Outcome measure Follow-up time 
points 

Randomized controlled trials (all these studies were assessed in the arm that they reported ‘usual care’ or ‘no intervention’. 

Bergman et 
al. (2010) 

The 
Netherlands 

N = 71 
34 men  
37 women 
Age:  
47.8 ± 11.8 

Non-specific 
shoulder pain 

39% <  6W 
22% =  6W 
15% = 12W  
14% > 26W 
 
 

Usual care: information, 
advice, medication,  
corticosteroid 
injections and physiotherapy 

Pain (Shoulder Pain 
Score 0-21) 

Baseline 
6 weeks 
3 months 
6 months 

Bron et al. 
(2011) 

The 
Netherlands 

N = 35 
9 men 
26 women 
Age:  
45 ± 13.2  

Non-specific 
shoulder pain 

16% 6-9 M 
26% 9-12 M 
19% 1-2 Y 
16 %  2-5 Y 
23% > 5 Y 

No intervention Pain (average pain VAS 
0-10) 
Function (DASH 0-100) 
 
 

Baseline                   
6 weeks                        
3 months 

Choi et al. 
(2013)  

South Korea  N = 11 
11 women 
Age:  
46 ± 5  

Non-specific 
shoulder pain 

Chronic No intervention Pain (VAS 0-10) Baseline 
4 weeks 

Dickens et al. 
(2005) 

UK 
 
 

N = 40 
22 men 
18 women 
Age:  
54 (26 to 73) 

Subacromial 
shoulder pain 

Chronic No intervention Function (Constant-
Murley Score 0-100) 

Baseline 
6 months 

Geraets et al. 
(2005) 

The 
Netherlands 

N = 89 
38 men 
51 women 
Age:  
53.3 ±11.7  
 

Non-specific 
shoulder pain 

Chronic Usual care: 
Medical information, pain 
medicine, wait-and-see, 
corticosteroid injections (PRN), 
referral to orthopaedic surgeon 
or physiotherapy 

Pain (VAS 0-10) 
Function (Shoulder 
Disability Questionnaire 
0-100) 

Baseline 
3 months 
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Study  Country Participants Shoulder pain 
classification 

Shoulder pain 
duration 

Group allocation Outcome measure Follow-up time 
points 

Kachingwe et 
al. (2008) 

USA N = 7 
4 men 
3 women 
Age:  
45.6 ±13  

Subacromial 
shoulder pain 

70 ± 92.4 M Usual care: Physician advice - 
postural awareness, limitation 
of overhead activities, home 
exercise without any input from 
physiotherapist 

Pain in the past 24 hours 
(VAS 0-10) 
Function (SPADI-Total  
0-130) 

Baseline 
6 weeks 
 
 
 
 

Littlewood et 
al. (2014) 

UK N = 12 
7 men 
5 women 
Age:  
63.9 (44-79)  
 

Subacromial 
shoulder pain 

49 (3-168) M Usual care: 
physiotherapy 

Function (SPADI-Total  
0-100) 

Baseline 
3 months 

Littlewood et 
al. (2016) 

UK N = 44 
26 men  
18 women 
Age:  
55.6 (23-80)  

Subacromial 
shoulder pain 

17.5(3-120) M Usual care: physiotherapy Function (SPADI-Total 
0-100) 

Baseline 
3 months 
6 months 
12 months 
 
 

Lombardi et 
al. (2008) 

Brazil N = 30 
5 men  
25 women 
Age:  
54.8 ± 9.4  
 

Subacromial 
shoulder pain 

13.9 ± 9.6 M No intervention Pain at rest (VAS 0-10) 
Function (DASH 0-100) 

Baseline 
2 months 
 
 
 
 

Ludewig and 
Borstad 
(2003) 

USA N = 33 
33 men 
Age:  
49.2 ± 1.8  

Subacromial 
shoulder pain 

Chronic No intervention Pain (Work Related Pain 
Score, 0-100)          
Function (SPADI-
Function 0-100) 

Baseline 
2.5 months 
 
 
 

Miller and 
Osmotherly 
(2009) 

Australia N = 12 
7 men  
5 women 
Age:  
54.5 (45.5–
62.5) 
 

Subacromial 
shoulder pain 

17 (12-62.5) M Usual care: physiotherapy 
 
 

Pain (SPADI-Pain 0-
100) 
Function (SPADI-Total 
(0-100) 

Baseline 
2 weeks 
6 weeks 
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Study  Country Participants Shoulder pain 
classification 

Shoulder pain 
duration 

Group allocation Outcome measure Follow-up time 
points 

Ottenheijm et 
al. (2016) 

The 
Netherlands 

N = 53 
33 men 
20 women 
Age:  
49.4 ± 10.9  

Subacromial 
shoulder pain 

5.5 ± 3.5 W Usual care: stepwise wait and 
see with advice and analgesic 
for 2 weeks, corticosteroid 
injection, referral to 
physiotherapy and hospital 
specialist 

Pain (Shoulder Pain 
Score 7-28) 
Function (Shoulder 
Disability Questionnaire 
0-100) 

Baseline 
3 months 
6 months 
9 months 
12 months 
 
 

Van den 
Dolder and 
Roberts 
(2003) 

Australia N = 14 
9 men 
5 women 
Age:  
65.9 ± 9.2  

Non-specific 
shoulder pain 

30 (23-91) W No intervention Pain over last 24 hours 
(VAS 0-100) 
Function (PSFS 0-100) 

Baseline 
2 weeks 
 
 
 
 

Zebis et al. 
(2011) 

Denmark N = 112 
20 men  
92 women 

Non-specific 
shoulder pain 

Chronic Usual care: advise to stay 
physically active and were 
consulted once a week with 
physiotherapists 

Pain (Nordic Pain 
Questionnaire   0-9) 

Baseline 
20 weeks 
 
 
 

Zhang et al. 
(2016) 

China N = 42 
19 men  
23 women 
Age:  
45.6 ± 7.6  

Subacromial 
shoulder pain 

8.5 ±3.9 M Usual care: conventional 
orthopaedic treatment 

Pain, average (VAS 0-
100)  
Function (DASH 0-100) 

Baseline 
2 weeks 
4 weeks 
2 months 
4 months 
 

Observational studies 
 
Laslett et al. 
(2014) 

New Zealand N = 161 
79 men  
82 women 
Age:  
44 ± 13.88  

Subacromial 
shoulder pain 

108.4 ±193 D Usual care: 
corticosteroid injection for the 
first 3 weeks and physiotherapy, 
corticosteroid injection, or no 
treatment as appropriate 

Pain, mean (VAS 0-100) 
Function (SPADI-Total 
0-100) 

Baseline 
3 weeks 
3 months 
6 months 
12 months 
 
 

Roberts and 
Li (2014) 

Australia N = 88 
41 men 
47 women 

Rotator cuff tear 
& impingement 
syndrome 

4.4 ± 4.5 M Usual care: physiotherapy Pain (NPRS 0-10) Baseline 
6 months 
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Study  Country Participants Shoulder pain 
classification 

Shoulder pain 
duration 

Group allocation Outcome measure Follow-up time 
points 

Age:  
61 ± 15.7  
 

Reilingh et al. 
(2008) 

The 
Netherlands 

N = 205 
100 men 
105 women 
Age:  
49.5 ± 14.7 
 

Subacromial 
shoulder pain 

< 6 w Usual care: 
advice, medication, steroid 
injection or physiotherapy 

Pain (NPRS 0-10) Baseline 
6 months 

Winters et al. 
(1997) 

The 
Netherlands 

N=58 
Age:  
47.3 ± 15.4 

Subacromial 
shoulder pain 

Chronic Usual care: 
Two weeks NSAID, and usual 
therapeutic option including 
physiotherapy, injection, and 
manipulation therapy, NSAID 
and Paracetamol 
 

Pain (Shoulder Pain 
Score 7-28) 

Weekly 
reporting from 
week 1-26 

Abbreviation: N = Number; D = days; W= weeks; M = Months; DASH = Disability of Arm Shoulder and Hand; SPADI = Shoulder Pain And Disability Index; PSFS = 
patient specific functional scale; NPRS = numeric pain rating scale.  
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3.4.3 Outcome measures 

The outcome measures used by each study are described in Table 3-2. The most common 

outcome measures used were VAS and NPRS for pain and SPADI Total for function.  

 

Eight studies used more than one outcome measure for assessing pain (Bron et al., 2011; 

Geraets et al., 2005; Laslett et al., 2014; Lombardi et al., 2008; Miller & Osmotherly, 2009; 

Ottenheijm et al., 2016; Van den Dolder & Roberts, 2003; Zhang et al., 2016). In five of these, 

we selected average pain (using VAS) over other pain outcome measures (e.g., current pain, 

the most severe pain, lowest pain shoulder pain score, SPADI pain, short form McGill, 

Constant-Murley Score) (Bron et al., 2011; Geraets et al., 2005; Laslett et al., 2014; Van den 

Dolder & Roberts, 2003; Zhang et al., 2016). In two further studies, we selected SPADI-pain 

or ‘Shoulder Pain Score’ over ‘pain during movement’ and ‘Euroqol-5 item Quality of Life 

Visual Analogue Scale’ (EQ-5D VAS) (Miller & Osmotherly, 2009; Ottenheijm et al., 2016). 

In one study, we selected ‘pain at rest’ over ‘pain during movement’ (Lombardi et al., 2008).  

 

Five studies used more than one outcome measure for function (Geraets et al., 2005; Laslett et 

al., 2014; Lombardi et al., 2008; Ludewig & Borstad, 2003; Miller & Osmotherly, 2009). In 

two of these five studies, we selected ‘SPADI Total’ over ‘SPADI Function’ (Laslett et al., 

2014; Miller & Osmotherly, 2009). In one study, we selected ‘SPADI Function’ over ‘Shoulder 

Rating Questionnaire’ (SRQ) (Ludewig & Borstad, 2003). In two other studies, we selected 

‘Shoulder Disability Questionnaire’ (SDQ) over the ‘severity of main complaint’ (Geraets et 

al., 2005), and the DASH questionnaire over ‘DASH-laborious function’ (a modified form of 

DASH for construction workers) (Lombardi et al., 2008). 
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3.4.4 Risk of bias within randomized clinical trials  

The risk of bias scores of 15 RCTs are presented in Table 3-3, and risk of bias scores of 

observational studies are presented in Table 3-4. 

 

Table 3-3 Risk of bias for RCTs. 
Study Random 

sequence 
generation 

Allocation 
concealment 

Blinding of 
participants 
and 
personnel 

Blinding 
of outcome 
assessment 

Incomplete 
outcome 
data 

Selective 
reporting 

Other 
bias 

Bergman et 
al. (2010) 

Low Low Low Low Low Low Low 

Bron et al. 
(2011) 

Low Unclear Low Low Low High Low 

Choi et al. 
(2013) 

Unclear Unclear Low Unclear Low Low High 

Dickens et 
al. (2005) 
 

Low Unclear Low Low High Low Low 

Geraets et 
al. (2005) 

Low Low Low Low Low Low Low 

Kachingwe 
et al. (2008) 

Low Unclear Low Low Low Low Low 

Littlewood 
et al. (2014) 

Low Low Low High Low Low Low 

Littlewood. 
et al. (2016) 

Low Low Low High High Low Low 

Lombardi 
et al. (2008) 

Low Low Low Low Low Low Low 

Ludewig 
and Borstad 
(2003) 

Unclear Low Low High Low Low Low 

(Miller & 
Osmotherly, 
2009) 

Low Low Low Low Low Low High 

Ottenheijm 
et al. (2016) 

Low Unclear Low Low Low Low Low 

Van den 
Dolder and 
Roberts 
(2003) 

Low Low Low Low Low Low Low 

Zebis et al. 
(2011) 

Low Low Low Low Low Low Low 

Zhang et al. 
(2016) 

Low Unclear Low Low High Low Low 
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Table 3-4 Risk of bias for observational studies. 
study Defined 

sample* 
Representative 

sample§ 
Follow-up 

rate ¥ 
Follow-up 

time¶ 
Prognosis 

Ħ 
Laslett et al. 
(2014) 

Yes Yes Yes Yes Yes 

Roberts and Li 
(2014) 

Yes Yes Yes Yes Yes 

Reilingh et al. 
(2008) 

Yes Yes Yes Yes Yes 

Winters et al. 
(1997) 

Yes Yes Yes Yes Yes 

*Description of source of population, inclusion and exclusion criteria § Participants were selected as 
consecutive ¥ Outcome data were available for at least 80% of participants at one follow-up point. ¶ At least one 
prognostic outcome was followed up at three months or later. Ħ Raw data, percentages, survival rates or 
continuous outcome reported 

 

 

3.4.5 Meta-analysis 

3.4.5.1 ‘No intervention’ 

The baseline mean and SD for pain and function scores for participants receiving ‘no 

intervention’ were calculated at 45.5 ± 39 and 41.1 ± 36.6 (out of maximum score of 100) 

respectively. For participants with persistent pain receiving ‘no intervention’, the pooled mean 

differences for pain and function were analyzed at two time point categories: up to 6 weeks, 

and from 6 weeks to 3 months after study entry. For both time point categories, no significant 

improvements were observed for pain or function scores. The heterogeneity in all meta-

analyses was minimal (I2 <15%) (Figure 3-2  to Figure 3-5.). Findings from one study were not 

pooled and suggested improvement of 0.64 (SD=7.5) on the Constant-Murley score at 6 months 

(Dickens et al., 2005). The patterns of improvement between pain and function scores were 

similar (Figure 3-6).  

 

 

 

 



Chapter 3  
Systematic review and meta-analysis  
 

46 
 

 
Figure 3-2 Mean difference in pain, up to 6 weeks after study entry for participants receiving ‘no intervention’. 

 
Figure 3-3 Mean difference in pain, more than 6 weeks to 3 months after study entry for participants receiving 
‘no intervention’. 

 

Figure 3-4 Mean difference in function, up to 6 weeks after study entry for participants receiving ‘no 
intervention’. 

 

Figure 3-5  Mean difference in function, more than 6 weeks to 3 months after study entry for participants 
receiving ‘no intervention’. 
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Figure 3-6 Clinical course of pain and function scores (mean differences between baseline and follow-up, 95% 
confidence intervals) for participants receiving ‘no intervention’. Higher scores indicate greater improvements. 
 

 

3.4.5.2 ‘Usual care’ 

The baseline mean and SD for pain and function scores for participants receiving ‘usual care’ 

were calculated at 46.3 ± 43.1 and 49.5 ± 44.4 (out of maximum score of 100) respectively. 

For participants with acute and persistent pain receiving ‘usual care’, pooled mean differences 

between baseline and follow-up for pain and function scores are presented in Figure 3-7 to 

Figure 3-14. Heterogeneity for these analyses ranged from moderate (I2 = 39%) to considerable 

(I2 = 89%). One study reported outcomes for pain and function using median and interquartile 

range (IQR) (Miller & Osmotherly, 2009) and showed a change in pain scores of 26 (IQR = 

36) and change in function scores of 22 (IQR = 37) at 3 months for participants receiving 

‘conventional physiotherapy intervention’. Overall, for participants with ‘usual care’, the 

results of meta-analysis showed a similar pattern of improvement between pain and function 

at each time category (Figure 3-15).  
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Figure 3-7 Mean difference in pain, up to 6 weeks after study entry in participants receiving ‘usual care’. 
 

 

Figure 3-8 Mean difference in pain, more than 6 weeks to 3 months after study entry in participants receiving 
‘usual care’. 
 

 

Figure 3-9 Mean difference in pain, more than 3 to 6 months after study entry in participants receiving ‘usual 
care’. 
 

 

Figure 3-10 Mean difference in pain, more than 6 to 12 months after study entry in participants receiving ‘usual 
care’. 
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Figure 3-11 Mean difference in function, up to 6 weeks after study entry in participants receiving ‘usual care’. 
 

 
 
Figure 3-12 Mean difference in function, more than 6 weeks to 3 months after study entry in participants 
receiving ‘usual care’. 
 

 
Figure 3-13 Mean difference in function, more than 3 to 6 months after study entry in participants receiving 
‘usual care’. 
 

 

Figure 3-14 Mean difference in function, more than 6 to 12 months after study entry in participants receiving 
‘usual care’. 
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Figure 3-15 Clinical course of pain and function scores (mean differences between baseline and follow-up, 95% 
confidence intervals) for participants receiving ‘usual care’. Higher scores indicate greater improvements.   

 

3.4.5.3 Subgroup analysis  

We performed subgroup analyses based on the duration of symptoms. For studies of 

participants with acute subacromial shoulder pain, the mean pain at baseline was 46.5 ± 36.3 

and for participants with persistent shoulder pain, the mean pain at baseline was 45.2 ± 40.1 

(out of maximum score of 100). We pooled data from two studies (Ottenheijm et al., 2016; 

Reilingh et al., 2008) that recruited participants with acute subacromial shoulder pain, and data 

from 10 studies that recruited participants with persistent subacromial shoulder pain (Bergman 

et al., 2010; Geraets et al., 2005; Kachingwe et al., 2008; Laslett et al., 2014; Littlewood et al., 

2016; Littlewood et al., 2014; Roberts & Li, 2014; Winters et al., 1997; Zebis et al., 2011; 

Zhang et al., 2016). The two included studies reporting with acute shoulder pain did not report 

function scores. The mean differences between baseline and follow-up in pain and function 

scores are presented in Table 3-5. There was no heterogeneity for subgroup analysis of acute 

shoulder pain (I2= 0%) but varied from minimal to considerable for subgroup analyses of 

persistent shoulder pain (I2= 0% to 93%).\  
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Table 3-5 Subgroup analyses based on duration of shoulder pain for participants receiving ‘usual care’ (score 
ranging from 0 to 100). 

Duration 
of 
symptoms 

 Up to 6 weeks 6 weeks to 
3 months 

3 to 6 
months 

6 to 12 
months 

 
Acute shoulder pain 
 
 
Pain Participants (N) 

 
--- --- 260 

(Ottenheijm et 
al., 2016; 
Reilingh et al., 
2008) 

--- 

  
Mean changes  
(95% CI) 
 

 
--- 

 
--- 

 
29.7  
(25.3 to 34.7) 

 
--- 

  
Heterogeneity 
 

 
--- 

 
--- 

 
I2 = 0% 

 
--- 

 
Persistent shoulder pain 
 
Pain  Participants 

(N) 
 

339 
(Bergman et al., 
2010; 
Kachingwe et 
al., 2008; 
Laslett et al., 
2014; Winters et 
al., 1997; Zhang 
et al., 2016) 

363 
(Bergman et 
al., 2010; 
Geraets et al., 
2005; Laslett et 
al., 2014; 
Zhang et al., 
2016) 
 

532 
(Bergman et al., 
2010; Laslett et 
al., 2014; 
Roberts & Li, 
2014; Winters et 
al., 1997; Zebis 
et al., 2011; 
Zhang et al., 
2016) 
 

--- 

 Mean changes  
(95% CI) 

12.3  
(5.4 to 19.1) 
 

14.8  
(8.9 to 20.7) 
 

22.6  
(15.1 to 30.2) 
 

--- 

 Heterogeneity I2 = 81% 
 

I2 = 75% I2 = 86% --- 

Function  Participants (N) 
 

210 
(Kachingwe et 
al., 2008; 
Laslett et al., 
2014; Zhang et 
al., 2016) 
 

348 
(Geraets et al., 
2005; Laslett et 
al., 2014; 
Littlewood et 
al., 2016; 
Littlewood et 
al., 2014; 
Zhang et al., 
2016) 
 

247 
(Laslett et al., 
2014; Littlewood 
et al., 2016; 
Zhang et al., 
2016) 
 

205 
(Laslett et 
al., 2014; 
Littlewood 
et al., 2016) 
 

 Mean change  
(95% CI) 

       13.4  
(0.6 to 26.2) 
 

         15.7  
(10.1 to 21.3) 
 

      16.2  
(10.6 to 21.8) 
 

       27.9  
(23.9 to 
31.8) 
 

 Heterogeneity I2 = 93% I2 = 70% I2 = 64% I2 = 0% 
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3.5 Discussion 

While we did not formally compare the clinical course for patients receiving ‘no intervention’ 

with those receiving ‘usual care’, our findings suggested that participants with persistent 

shoulder pain who received ‘no intervention’ did not experience significant changes in pain 

and function scores over time (up to 6 months following study entry). Participants with acute 

or persistent shoulder pain who received ‘usual care’, irrespective of what ‘usual care’ consists 

of, presented 30/100 points improvement in pain and function scores over 12 months and 40% 

of that improvement in pain and function occurred during the first six weeks. Pattern of changes 

between pain and function scores over time were similar for those participants who received 

‘no intervention’ or ‘usual care’.   

 

3.5.1 ‘No intervention’  

Meta-analysis for studies reporting data of participants receiving ‘no intervention’ was possible 

for the following time point categories: up to 6 weeks, and 6 weeks to 3 months. The findings 

showed that participants with persistent shoulder pain who received ‘no intervention’ 

presented, on average, no differences in pain or function scores between baseline and 3 months’ 

follow-up. Findings from one study were not included in that meta-analyses as that study 

reported outcomes for 6 months’ follow-up (Dickens et al., 2005). In that study, participants 

also reported no changes in pain and function scores to 6 months’ follow-up. Overall, the 

heterogeneity was low for these analyses. All studies reporting data from participants exposed 

to ‘no intervention’ recruited participants with persistent shoulder pain. Hence, it is possible 

that pain and function do not improve at 3 months (based on meta-analyses) or even up to 6 

months (Dickens et al., 2005), when participants with persistent subacromial shoulder pain 

receive ‘no intervention’.  

 

Of the six RCTs reviews for quality of reporting in this category, two studies had a high risk 

of bias in selective reporting (Bron et al., 2011), and the blinding of the assessor (Ludewig & 

Borstad, 2003). However, the high risk of bias in these domains did not affect the quality of 

reporting, because: (1) for the study with bias in selective reporting, the data missing for 

reporting was irrelevant to the outcome of interest (pain and function) (Bron et al., 2011); and 
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(2) for the study with non-blinded assessor, pain and function were assessed based on patients’ 

reported questionnaires (objective outcome measures) (Ludewig & Borstad, 2003). Therefore, 

it is unlikely that blinding of assessors would affect patients’ reporting (De Bruin, 

McCambridge, & Prins, 2015). Studies also received unclear scores for randomization (Choi 

et al., 2013; Ludewig & Borstad, 2003), and allocation concealment domains (Bron et al., 2011; 

Choi et al., 2013). These domains may affect the reported outcomes in those studies. One study 

received high risk of bias for the attrition domain (due to a 45% dropout at follow-up), which 

affects the quality of reporting (Dickens et al., 2005).  

 

3.5.2 ‘Usual care’  

We performed meta-analysis using data of participants who received ‘usual care’ with follow-

up at 12 months. Participants who received ‘usual care’ improved 30 scores over 12 months, 

with approximately 40% of this improvement occurring in the first 6 weeks after entering the 

study. The clinical course for pain and function plateaued by 3 months. From 3 months to 12 

months, pain and function scores improved gradually.  

 

The methodological quality was high for most studies providing ‘usual care’. The main 

methodological limitation was high risk of attrition bias in two RCT studies (Littlewood et al., 

2016; Zhang et al., 2016).  

 

Studies reporting ‘usual care’ had high heterogeneity. Possible causes for high heterogeneity 

were: shoulder pain duration, a broad definition for subacromial shoulder pain (Cools & 

Michener, 2017), different outcome measures for the pain or function variables, and the wide 

range of interventions covered by the term ‘usual care’. Due to the heterogeneity, sub-group 

analysis for studies including participants with ‘acute’ pain and those with ‘persistent’ pain was 

performed. The subgroup analysis of participants with acute pain (two studies) (Ottenheijm et 

al., 2016; Reilingh et al., 2008) had low heterogeneity (I2= 0%), but the heterogeneity did not 

change for the subgroup analysis of participants with persistent pain (I2 = 86%). Participants 

with acute pain (Ottenheijm et al., 2016; Reilingh et al., 2008) received ‘multimodal usual 

care’, while participants with persistent pain received ‘usual care’, which may explain 
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heterogeneity for that analysis. Out of those ten studies with persistent shoulder pain, six 

studies offered ‘multimodal usual care’,(Bergman et al., 2010; Geraets et al., 2005; Laslett et 

al., 2014; Winters et al., 1997), three studies offered ‘advice and exercise’(Kachingwe et al., 

2008; Zebis et al., 2011; Zhang et al., 2016), and three studies offered ‘conventional 

physiotherapy intervention’ (Littlewood et al., 2016; Littlewood et al., 2014; Roberts & Li, 

2014). 

 

Additionally, the sequence of interventions offered to participants under ‘usual care’ may have 

impacted clinical outcomes. For example, in the study by Laslett et al. (2014), participants were 

treated with corticosteroid injection up to 3 weeks, followed by physiotherapy, and an 

additional corticosteroid injection or no intervention based on the GP’s decision. In 

comparison, in the study by Geraets et al. (2005) participants were treated with analgesic 

medication for two weeks, followed by a range of further treatment options (e.g., corticosteroid 

injection or referral to physiotherapy or orthopedic surgeon) based on the GP’s clinical 

decisions.  

 

3.5.3 Pattern of improvement between pain and function  

Our findings suggest a similar pattern of changes between pain and function over time for 

participants who received ‘no intervention’ or ‘usual care’. Similar findings were reported in a 

previous systematic review in patients with low back pain (Costa et al., 2012). Pain and 

function scores have a moderate to strong correlation (Boonstra, Preuper, Reneman, 

Posthumus, & Stewart, 2008; MacDermid, Solomon, & Prkachin, 2006), which may explain 

our findings for patients with subacromial shoulder pain. This may suggest that, to some extent, 

patients rate their pain as function, or vice versa (Boonstra et al., 2008).  

 

3.5.4 Implications for clinical practice  

According to the Minimal Clinically Important Difference (MCID) for the NPRS, a change of 

20 points (0-100) represents minimal improvement (Hao et al., 2019; Ostelo et al., 2008), 20 

to 30 represents ‘meaningful/medium’ improvement, and ≥ 35 to 40 points represents 

‘large/substantial’ clinical improvement (Abbott & Schmitt, 2014a; Dworkin et al., 2008). 
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Based on the MCIDs, participants receiving ‘usual care’ reported changes that may not have 

been clinically important at 3 months but reported medium clinical change from baseline at 6 

months (24.3 scores) and at 12 months (32.5 scores). During the subgroup analyses, both 

participants with acute and those with persistent shoulder pain presented medium clinical 

improvement at 6 months.   

 

Regarding the clinical improvement in function for patients who received ‘usual care’, the 

median MCID for function scores (SPADI, DASH and Shoulder Function Questionnaires) was 

15 (Hao et al., 2019). To the best of our knowledge, there is no information about how much 

change is required for patients to achieve moderate or large clinical improvements in function. 

Based on this, patients with acute or persistent subacromial shoulder pain receiving ‘usual care’ 

reported minimal improvement in function (mean difference 16.2/100 scores) at 3 months. 

Such findings can be used as a reference for clinicians regarding expected recovery over time. 

 

3.5.5 Implications for research  

These results provide useful data for researchers as to what can be expected in terms of recovery 

in patients with subacromial shoulder pain if they receive ‘no intervention’ or ‘usual care’. 

Such data may provide a reference for the future studies on the expected recovery rate on pain 

and function.   

   

Our findings revealed a large confidence interval for reporting an average change in pain and 

function in ‘usual care’ category. This happened because there was some diversity in studies 

in terms of duration of shoulder pain and the type of intervention within this ‘usual care’ 

category. We identified a limited number of studies which reported the clinical course of 

subacromial shoulder pain based on the duration of shoulder pain (e.g., acute, subacute, and 

chronic conditions) and the type of intervention (e.g., ‘multimodal usual care, ‘advice and 

exercise’, and ‘conventional physiotherapy intervention’). We recommend that future studies 

explore these domains. 
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3.5.6 Limitations and recommendations  

One limitation of this review was inconsistent reporting across the included studies that may 

affect the heterogeneity between them. For example, some studies limited their reporting to 

one outcome measure (i.e., pain or function). Data in one study were mostly reported as mean 

in graphical forms without presenting SD (which was necessary for the purpose of meta-

analyses) (Reilingh et al., 2008). Finally, two studies recruiting participants with acute and 

persistent subacromial shoulder pain did not report their data independently and therefore the 

data associated with these studies were grouped as persistent shoulder pain (Bergman et al., 

2010; Laslett et al., 2014). Additionally, we had four studies that did not report the duration of 

shoulder pain in their participants (Choi et al., 2013; Dickens et al., 2005; Winters et al., 1997; 

Zebis et al., 2011). 

 

There was also a wide diversity in measurement instruments used for pain and function 

variables, which would affect the heterogeneity across studies. A previous systematic review 

highlighted the importance of developing a core outcome measurement set for shoulder pain 

trials (Page et al., 2015). This improves the homogeneity across studies and facilitates 

consistent selection of the measurement instruments. For developing a core outcome 

measurement set, systematic reviews are needed to evaluate the properties of measurement 

instruments in terms of validity, feasibility and discriminative values (Page et al., 2015).     

 

A limitation of this review is that, although 19 studies were included, only 4 were observational 

cohort studies and 15 were randomized control trials. Randomized trials often have low 

numbers of participants which makes them less suitable for inferring the clinical course of pain 

and function. Studies with low rates of participants lead to higher variability and are at risk of 

bias type II error which is the underestimating or overestimating of research outcomes (Green 

et al., 2003). We did not document the agreement between two reviewers for study selection 

and risk of bias and this could be considered as a limitation of this systematic review. 
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3.6 Conclusions 

Our findings suggest participants with persistent subacromial shoulder pain receiving ‘no 

intervention’ presented no changes in pain and function scores at 3 months after study entry. 

Participants receiving ‘usual care’ present 30/100 score improvements in pain and function at 

12 months, and 40% of this improvement occurs within the first 6 weeks after entering the 

study. The clinical course between pain and function scores were similar, and this was observed 

whether participants received ‘no intervention’ or ‘usual care’. Sub-group analysis based on 

the duration of symptoms suggest medium clinical improvement in pain at 6 months in 

participants with acute or persistent shoulder pain who received ‘usual care’.  

 

Findings from this systematic review are generalizable to the wide range of patients who seek 

primary care or who remain without treatment. We used meta-analyses approach that could 

accommodate outcomes measured at different time points. As the ultimate aim was to improve 

the quality of treatment, these findings may be regarded as a criterion for comparison in future 

observational and interventional studies. The next chapter of this work (Chapter 4) describes 

the reliability of the scapular locator for measuring scapular rotations. Defining the reliability 

of the locator to measure scapular rotations was required for informing and interpreting our 

subsequent study (Chapter 5), which assesses the correlation between changes in pain and 

function scores with change in scapular rotations in participants with subacromial shoulder 

pain.
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4 Intra-rater between-day reliability of scapular locator for 

measuring scapular position during arm elevation in 

asymptomatic participants 
 

4.1 Overview  

There is some evidence to suggest that patients with subacromial shoulder pain present with 

altered scapular rotations during arm movement. However, there is no consistent pattern in 

such changes in scapular rotations. Individual specific patterns may be due to the multifactorial 

characteristic of subacromial shoulder pain, as well as the different methods used for measuring 

scapular rotations. Prior to assessing whether changes in scapular rotations are associated with 

changes in pain or function scores, it is necessary to assess between-day reliability and the 

measurement error of scapular rotations. Reliability assessment allows us to understand 

whether the observed changes in scapular rotations reflect a real change, or whether they 

represent an error in their measurement. In this chapter, we report between-day reliability for 

scapular rotations using a scapular locator in asymptomatic participants. Between-day 

reliability is relevant to the observational study (Chapter 5) which reports changes in scapular 

rotations in patients with subacromial shoulder pain over time. Asymptomatic participants were 

recruited for this reliability study to ensure that neither pain or disability influences the 

reliability of the measurements. 
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4.2 Introduction 

Scapular movement is intimately involved with shoulder function (Kibler & McMullen, 2003). 

It is a key component for centering the humeral head in the glenoid cavity and optimizing 

dynamic shoulder stability (Kibler et al., 2013; Kibler & Sciascia, 2016). Measuring scapular 

position and movement is challenging because of the overlying skin and soft tissue artefacts, 

and due to the three-dimensional motion of the scapula (Kibler et al., 2013). One method to 

measure scapular rotations is to use a hand-held instrument called a scapular locator (Barnett 

et al., 1999).  

 

Measurements with the scapular locator have been used previously and compared with the use 

of skin-fixed sensors (Bet-Or, van den Hoorn, Johnston, & O'Leary, 2017; Lempereur et al., 

2014; Meskers et al., 2007; Van Andel et al., 2009; Van Den Noort et al., 2015). The reliability 

of the scapular locator for measuring scapular rotations has not been fully explored. Previous 

studies reported only within-day, inter- and intra-rater reliability of the scapular locator 

(Barnett et al., 1999; Johnson et al., 1993; Shaheen et al., 2011). Findings from within-day 

reliability cannot be used for informing analysis of studies with measurements taken at different 

days. Currently, the between-day reliability of scapular locator measures is still unknown. 

 

There is some evidence to suggest that patients with subacromial shoulder pain present with 

altered scapular rotations when compared with asymptomatic controls (Borstad & Ludewig, 

2002; Endo et al., 2001; Hebert et al., 2002; Lawrence et al., 2014; Lin et al., 2005; Ludewig 

& Cook, 2000; Lukasiewicz et al., 1999; Worsley et al., 2013). Some authors suggested 

changes in scapular positioning are linked to mechanical stress on subacromial structures and 

that this may lead to pain and dysfunction during arm movements (Seitz, McClure, Lynch, 

Ketchum, & Michener, 2012; Silva et al., 2010). It is unclear whether scapular rotations are 

associated with pain intensity (Christiansen et al., 2017; Harris et al., 2012; Lopes et al., 2015; 

Tate et al., 2009). Prospective studies are needed to determine whether an association exists 

between changes in scapular rotations and changes in shoulder pain. To assess whether there 

is an association between changes in scapular rotations and changes in shoulder pain or 

function scores over time, it is necessary to determine the reliability of scapular measurements 

over time. Prior to conducting a prospective study to assess changes in scapular rotation 

patterns over time, the between-day reliability of the scapular locator must be established.  
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Daily changes in pain levels for individuals with shoulder pain are likely to influence the 

variability of scapular rotations, if such an association exists. Fluctuating, or changing pain 

levels can therefore be a source of measurement error over time (Martín-San Agustín et al., 

2019). Therefore, for the purpose of this study, we have explored the reliability of measures in 

asymptomatic participants.  

 

4.2.1 Aim of the study 

The aim of this study was to assess the intra-rater between-day reliability of the scapular locator 

for measuring scapular rotations during scapular plane arm elevation in asymptomatic 

participants.  

 

4.3 Method 

4.3.1 Study design 

This was a laboratory-based study, focusing on intra-rater between-day reliability of scapular 

locator for measuring scapular rotations. 

 

4.3.2 Ethical approval 

This study was approved by University of Otago Human Ethics Committee (Health), (ethics 

reference number H17/073). Consultation with the Ngāi Tahu Research Consultation 

Committee (Māori Committee) was completed prior to the study (Appendices B1 and B2). 

 

4.3.3 Study setting 

The study was conducted by the PhD candidate at the Biomechanics Laboratory, at the Centre 

for Health, Activity, and Rehabilitation Research (CHARR), School of Physiotherapy at the 

University of Otago, Dunedin, New Zealand. Participants attended two sessions in the 

laboratory on two consecutive days. 
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4.3.4 Sample size estimation 

The sample size was estimated using the “ICC Sample Size” package in R software (Dean & 

Nielsen, 2007). Assuming a power of 0.80, two-tailed test, alpha set at 0.05, two raters (i.e., 

measurements taken on two different days), a null hypothesis with intra-class correlation 

coefficient (ICC) value of 0.70, and a hypothesized ICC value of 0.90, the estimated sample 

size was 23 participants (Zou, 2012). 

 

4.3.5 Recruitment of participants 

Participants were recruited via sending e-mails to undergraduate and postgraduate students 

from the University of Otago. All participants provided informed written consent prior to 

taking part in the study (Appendix B3).  

 

4.3.6 Study population  

Participants aged 18 years old or older were included. Asymptomatic participants with no pain 

in the shoulder joint in the previous three months were recruited. Exclusion criteria included 

current neck pain or radiculopathy, restricted shoulder range of motion, a history of shoulder 

and/or neck surgery, dislocation, or scoliosis. 

 

4.3.7 Instruments  

The Inertial and Magnetic Measurement System, comprising of four wireless inertial sensors 

(Xsens Technologies, NL), was used in this study. Each sensor weighs 27 grams and has the 

dimensions of 35.5mm × 57.8mm × 14.5mm. The sensors contain a 3D gyroscope, an 

accelerometer and a magnetometer, which determines the spatial orientation of technical 

coordinate system of sensors relative to the earth.  

 

The scapular locator is a custom-built tool comprising two transparent plastic arms with three 

pins. The plastic arms are joined by a central bolt allowing for adjustment of the three pins over 

the individual’s bony anatomical landmarks (Karduna et al., 2001) (Figure 4-1).    
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Figure 4-1 Scapular locator with an inertial sensor (orange) attached to the vertical arm. 
 

4.3.8 Placement of sensors 

Three wireless inertial sensors were fixed to the skin using double-sided tape on the thorax, 

upper arm and scapular locator. The positioning of sensors on the thorax and arm was 

determined based on previously described motion analysis protocols (Cutti et al., 2008; Parel 

et al., 2012). The upper arm sensor was placed at middle third of the right arm, slightly 

posteriorly in order to reduce soft tissue artefacts (Van Den Noort et al., 2014). The arm sensor 

was placed with the following orientations of the axes: the Y axis pointed medially, the Z axis 

pointed posteriorly and the X axis pointed superiorly. A Neoprene elastic cuff also was 

wrapped around the arm sensor to minimize soft tissue artefacts. The scapular locator sensor 

was positioned on the horizontal bar of scapular locator with the X axis pointing medially, the 

Y axis pointing inferiorly and the Z axis pointing posteriorly (Figure 4-2).  
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Figure 4-2 Initial calibration. Positioning of sensors with the arm in the resting position. 

 

4.3.9 Anatomical calibration of inertial sensors 

For calibration of the sensors, recording was performed in a static posture (sitting upright), 

with the arm resting in the anatomical neutral position, with the thumb pointing forward. The 

PhD candidate visually inspected such alignment and maintained the scapular locator arms on 

the scapular bony landmarks with light pressure against the skin in order to avoid movement 

of the scapular locator. The scapular locator arms were positioned on the posterior acromial 

angle (a meeting point between acromion process and scapula spine), the root of scapular spine 

(Trigonum spinae (TS)), and the inferior scapular angle (Van Andel et al., 2009; Van Den 

Noort et al., 2015).  

 

4.3.10 Measurement procedure  

Participants were asked to hold their dominant arm at 30°, 60°, 90°, and 120° elevation in the 

scapular plane, with the elbow extended and thumb facing upward. Increments of 30° of 

scapular arm elevation from 30° to 120° were adopted, as this is a common approach for 

assessing scapular movement patterns (Fayad et al., 2006; Ludewig et al., 2009; Van Den Noort 

et al., 2015). Adopting this approach also allowed the comparison of the findings of this study 
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with those from previous studies (Fayad et al., 2006; Ludewig et al., 2009; Van Den Noort et 

al., 2015).  

 

A goniometer was used to measure the arm in the required positions. An upright pole with a 

movable target fixed on it was placed at 30° in front of the coronal plane with respect to the 

participant’s position (Figure 4-3). The target was then adjusted with respect to the required 

arm elevation to ensure that participants kept their arm in that position (i.e., 30°, 60°, 90°, and 

120°). They were asked to keep head and trunk movements to a minimum during arm elevation 

(Fayad et al., 2006; Hardwick & Lang, 2011). While participants were holding their arms in 

the respective positions, the PhD candidate positioned the three arms of the scapular locator on 

the landmarks described above and data were recorded by a research assistant for 5 seconds 

(Van Andel et al., 2009; Van Den Noort et al., 2015). Measurements were repeated three times 

for each degree of arm elevation.  

 

 

         Figure 4-3 Test positioning. 
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4.3.11 Data processing 

The orientation of sensor on the scapular locator and arm sensors were decomposed relative to 

the thoracic sensor (Cutti et al., 2008). The orientation of the sensors placed on the scapular 

locator were decomposed using the Euler sequence of YZ’X”. Rotation around the Y axis was 

referred to as the scapular internal/external rotation, rotation around the Z' axis as scapular 

upward/downward rotation, and rotation around the X” axis as scapular anterior/posterior tilt. 

The position of the humerus sensor with regard to the thorax was decomposed using the Euler 

sequence of ZX’Y”. Rotation around Z axis was referred to as arm elevation/depression, 

rotation around X’ axis as the plane of arm elevation, and rotation around Y” as the axial arm 

rotation (Fayad et al., 2006; Shaheen et al., 2011; Van Den Noort et al., 2014). The position of 

the sensor on the thorax relative to the global coordinate system was decomposed in the Euler 

sequence of ZXY axes: rotation around the Z axis referred to as lateral flexion, rotation around 

the X as flexion-extension, and rotation around the Y axis as axial rotation (Wu et al., 2005).  

 

To calculate scapular rotation, the Euler angles recorded from the scapular locator sensor were 

collected by Xsens Motion Tracking software (IMw_Pro_iseos, 2012, Xsens Technologies, 

NL). Data were collected at a sampling frequency of 100 Hz in the Xsens MT manager. Coding 

for extracting the raw data was written in MATLAB R2016b (The Mathworks Inc., Natick, 

MA). All data were entered in a MicrosoftTM Excel 2013 spreadsheet. Scapular rotations 

including internal/external rotation, upward/downward rotation, and anterior posterior tilt were 

extracted three times at each angle. For each participant, the mean scapular rotations at each 

degree of arm elevation were calculated for each day on two consecutive days. The data were 

used for analyzing a between-day reliability. The mean scapular rotations across the two days 

were also calculated for reporting the overall degree of scapular rotations for each degree of 

arm elevation.   

 

4.3.12 Data analysis 

IBM SPSS statistics 25 (IBM Corp. Released 2017. IBM SPSS Statistics for Windows) was 

used for data analysis. Descriptive statistics were calculated for scapular rotations in the three 

planes, for each arm position for each day.      

 



Chapter 4 
Between-day reliability of scapular locator 
 

66 
 

For assessing the between-day reliability, at each degree of arm elevation, the mean of three 

trials on each day was calculated and the relative reliability was estimated by calculating 

Intraclass Correlation Coefficients (two-way mixed model, ICC (3,1)). In this case, the rater 

was considered as a fixed effect, and participants as random effects. The ICCs were categorized 

as follows: ICC values less < 0.40 = poor; 0.40 to 0.59 = fair; 0.60 to 0.74 = good; and ≥0.75 

= excellent (Portney & Watkins, 2015).  

 

The Standard Error of Measurement (SEM), and the Smallest Detectable Difference (SDD) 

were used to quantify absolute reliability (Weir, 2005). SEM estimates the error variance 

related to measurements taken on Day 1 and measurements taken on Day 2 (Van Andel et al., 

2009). Possible sources of measurement errors include: (1) rater error, e.g., identification of 

bone landmarks which influence the placement of the sensors and skin displacement under the 

arms of the scapular locator; (2) participant error, e.g., individual movement pattern or 

anatomical variability (skin and bone shape) (Laudner et al., 2006; Su et al., 2004); (3) plane 

and position of arm elevation in the scapular plane (30° - 120°) (Meskers et al., 2007); and (4) 

equipment, e.g., error inherent to the inertial sensors used. The SEM equals the square root of 

the error of variance obtained from a two-way ANOVA (i.e., 𝑆𝑆𝑆𝑆𝑆𝑆 = �𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒 𝑒𝑒𝑜𝑜 𝑣𝑣𝑣𝑣𝑒𝑒𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑒𝑒) 

(Atkinson & Nevill, 1998). The SEM can also be calculated using the following formula: 

𝑆𝑆𝑆𝑆𝑆𝑆 = 𝑆𝑆𝑆𝑆 √1 − 𝐼𝐼𝐼𝐼𝐼𝐼. We used the first formula as it has the advantage of being independent 

of ICC value (Weir, 2005). The SDD can indicate the smallest change between two 

measurements that may represent a real difference. The SDD was calculated using the 

following formula SDD=SEM ∗ 1.96 ∗ √2 at 95% confidence interval level (Roren et al., 

2013).  

 

4.4 Results 

Twenty-three participants took part in the study (Table 4-1). Scapular rotations measured at 

30°, 60°, 90°, and 120° of arm elevation at Day 1 and Day 2 are presented in Table 4-2. The 

mean scapular rotations during arm elevation across two days are presented at Figure 4-4 to 

Figure 4-6. 
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Table 4-1 Demographic data for 23 participants. 
Participants  Mean (SD) Range 
Age (years) 33.9 (4.6) 25 to 44 

Height (cm) 167.7 (9.3) 154.3 to 187.0 

Weight (kg) 68.4 (13.3) 49.9 to 105.4 

Body mass index (kg/m2) 24.2 (3.2) 19.1 to 33.1 

Sex (F/M) 14/10 - 

SD: standard deviation, cm: centimeter, kg: kilogram, m2: meter squared, M: male, F: female.   

 

Table 4-2  Mean and standard deviation (SD) of scapular rotation measurements on Day 1, Day 2, and across 
Day 1 and 2. 

 Mean (SD) at Day 1  

[degree] 

Mean (SD) at Day 2  

[degree] 

Mean (SD) across Days 1 

and 2 [degree] 

Arm 

position 
Internal 

rotation 

Upward 

rotation 

Posterior 

tilt 

Internal 

rotation 

Upward 

rotation 

posterior 

tilt 

Internal 

rotation 

Upward 

rotation 

posterior 

tilt 

30º -1.5 

(4.4) 

2.6   

(5.0) 

-3.3 

(3.9) 

0.3 

(7.4) 

4.1   

(4.6) 

-4.2 

(4.2) 

-0.6 

(6.1) 

3.3   

(4.9) 

-3.8 

(4.0) 

60° 1.3 

(5.7) 

7.6   

(4.7) 

-5.3 

(4.5) 

3.2 

(7.1) 

10.0 

(6.3) 

-6.7 

(4.2) 

2.2 

(6.4) 

8.8   

(5.7) 

-6.0 

(4.3) 

90° 4.4 

(5.7) 

16.1 

(8.0) 

-11.4 

(4.7) 

8.0 

(8.0) 

19.4 

(8.3) 

-12.8 

(4.7) 

6.1 

(7.1) 

17.7 

(8.3) 

-12 (4.7) 

120° 5.2 

(6.5) 

26.3 

(10.2) 

-17.6 

(5.3) 

8.2 

(8.7) 

27.7 

(3.7) 

-18.8 

(5.6) 

6.6 

(7.7) 

27.0 

(11.9) 

-18.2 

(5.4) 
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                 Figure 4-4 Mean and standard deviation (error bars) measured in two days for scapular 

 internal/external rotations during arm elevation in the scapular plane. 
 

 
Figure 4-5 Mean and standard deviation (error bars) measured in two days for scapular      
……upward/downward rotation during arm elevation in the scapular plane. 
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Figure 4-6 Mean and standard deviation (error bars) measured in two days for scapular   ………. 
 anterior/posterior tilt during arm elevation in the scapular plane. 

 

 

Findings for ICC, SEM and SDD at 95% confidence interval level for all scapular rotations are 

presented in Table 4-3. At 30° of arm elevation, poor reliability ICCs = 0.10 to 0.40 was found 

for all scapular rotations. Between 60° and 120° of arm elevation, ICCs ranged from 0.35 to 

0.57 for scapular internal/external rotation, 0.73 to 0.93 for scapular upward/downward 

rotation, and from 0.80 to 0.87 for scapular anterior/posterior tilt. All SEM values were found 

to be less than 6°. Upward/downward rotation demonstrated the smallest SEMs, while SEMs 

were greatest for scapular internal/external rotation in 60° to 120° arm elevation.  
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Table 4-3 Between-day reliability, standard error of measurement (SEM), and smallest detectable difference 
(SDD) when measuring scapular rotations during arm elevation with inertial sensor. 

Scapular kinematic Arm position ICC (3,1) 95% CI* SEM [degree] SDD [degree] 

 

Internal/external rotation 

 

30º 0.10 0.00 to 0.61 6.0 16.7 

60° 0.35 0.00 to 0.71 6.0 16.6 

90° 0.42 0.00 to 0.73 5.6 15.7 

120° 0.57 0.00 to 0.81 5.1 14.4 

Upward/downward rotation 30° 0.30 0.00 to 0.70 4.5 12.6 

60° 0.73 0.37 to 0.89 4.8 13.5 

90° 0.89 0.71 to 0.95 5.1 14.2 

120° 0.93 0.84 to 0.97 6.6 18.5 

Anterior/posterior rotation 

 

 

30° 0.40  0.00 to 0.73 4.0 11.3 

60° 0.80 0.51 to 0.91 3.9 10.9 

90° 0.86 0.67 to 0.94 4.3 12.0 

120° 0.87 0.71 to 0.95 5.6 16.5 

Abbreviation: ICC: intraclass correlation coefficient, 95% CI: 95% confidence interval for the ICCs, SEM: 
standard error of measurement, SDD: smallest detectable difference, Note: (-): scapular posterior tilt, external and 
downward rotation. (+); scapular anterior tilt, internal rotation and upward rotation. 
*: Negative lower CIs were replaced with 0.00.  
 

4.5 Discussion 

The aim of this study was to assess the intra-rater between-day reliability of measurements of 

scapular rotations using a scapular locator. According to our results, the scapular locator has a 

good to excellent between-day reliability for measuring scapular upward/downward rotation 

and anterior/posterior tilt between 60° and 120° of arm elevation in the scapular plane. 

Measurement with the scapular locator had poor between-day reliability for all scapular 

rotations at 30° and poor to good between-day reliability for scapular internal/external rotation 

between 60° and 120° of arm elevation.  
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4.5.1 Between-day reliability of scapular rotations 

Poor ICCs found at 30° of arm elevation may be explained by negligible scapular rotations that 

occur at this position (Braman et al., 2009; Van Den Noort et al., 2014; Weir, 2005). ICCs can 

be negatively impacted due to low between-subject variability even if the trial-to-trial 

variability is small. In this case, poor ICCs were impacted due to low between subject 

variability in scapular rotations (Weir, 2005). Similarly, a relatively lower reliability was 

observed for scapular internal/external rotation (ICCs ranging from 0.35 to 0.57 at 60°, 90° and 

120° arm elevation) compared with upward/downward rotation and anterior/posterior tilt. This 

could be also attributed to small magnitude of measurements in internal/external rotation rather 

than reflecting variability in measurement due to error (Weir, 2005). 

 

At 30°, 60°, 90°, and 120° arm elevation, the SEM value for all scapular rotations was 

calculated to be less than 6°. This shows ± 3º error around the measurement angle. This 

magnitude of SEM could be considered high when the scapular rotation is small, e.g., at 30° 

and during scapular internal/external rotation (Braman et al., 2009; Van Den Noort et al., 2014; 

Weir, 2005). With increasing arm elevation, the measurement error decreases relative to the 

total scapular upward rotation and posterior tilt. The scapular upward rotation was 9° at 60° of 

arm elevation and 27° at 120° of arm elevation, and scapular posterior tilt was 6° at 60° of arm 

elevation and 18° at 120° of arm elevation. Hence, the ratio of SEM to mean scapular upward 

rotation is 0.65 at 60° of arm elevation, 0.43 at 90° of arm elevation and 0.30 at 120° of arm 

elevation. The SEM values are comparable with findings from two previous studies reporting 

the inter-session reliability of scapular locator with other measuring systems (Barnett et al., 

1999; Shaheen et al., 2011). Previous studies reported measurement error through inter- and 

intra-observer standard deviation (error bar) (Barnett et al., 1999; Johnson et al., 1993; Meskers 

et al., 2007; Shaheen et al., 2011). For example, using Isotrak Ⅱ system, Barnett et al. (1999) 

reported less than 4° inter-observer variation with 95% confidence intervals for the scapular 

locator. Using an optical motion approach, Shaheen et al. (2011) found an average of less than 

4° intra-observer and 6° inter-observer variance between trials for scapular locator. The 

findings of our study also showed low measurement error despite measuring the scapular over 

two days, which was expected to have a greater error value (Haik et al., 2014; Thigpen et al., 
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2005). Combined findings from our study and previous studies indicate that using a scapular 

locator to quantify scapular rotations has low measurement error.  

 

Additionally, an SEM of 5° to 6° for internal/external rotation is similar to the measurement 

error for upward-downward or anterior-posterior rotations. These SEM values are high given 

that the range of scapular internal/external rotation was small (the mean range of internal 

rotation was 2° at 60° of arm elevation and 6°, at 120° of arm elevation). Scapular 

internal/external rotation was also presented with the smallest range of movement compared 

with the two other scapular rotations (Ludewig et al., 2009; Van Andel et al., 2009; Warner, 

Chappell, & Stokes, 2012). For example, Warner et al. (2012) used a scapular locator and found 

a small scapular internal rotation (7°) compared with scapular upward rotation (28°) at 120° 

arm elevation. This finding represents an inherent challenge for reliably measuring scapular 

internal/external rotation.  

 

The magnitude of the SDD in this study is within the similar range to SDDs reported in previous 

studies, despite the different measurement methods (Haik et al., 2014; Van Den Noort et al., 

2014). We found the SDDs ranged between 12° and 16° for all scapular rotations. For scapular 

internal/external rotation, the SDD values decreased as arm elevation increased, whereas for 

scapular upward/downward rotation and anterior/posterior rotation, SDD values increased as 

arm elevation increased. In comparison, Haik et al. (2014), in a between-day reliability study, 

calculated the SDD of scapular rotations using the Flock of Birds electromagnetic device, and 

reported an SDD ranging from 8° at lower degrees of arm flexion, to 17° at higher degrees of 

arm flexion. Using skin-fixed inertial sensors, Van Den Noort et al. (2014) found SDD values 

ranging between 6° at lower degrees of anterior/posterior rotation and 14° at higher degrees of 

scapular upward/downward rotation during arm flexion and abduction. Ludewig and Cook 

(2000) suggested that 4° to 6° changes in scapular rotation is sufficient to show a treatment 

effect for scapular rotation in patients with shoulder pain. The calculated SDDs in our study 

indicate that changes of at least 12° to 16° are needed to rule out measurement error and detect 

real changes.  
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4.5.2 Limitations 

One limitation of the current study was measuring scapular rotations during isometric 

conditions. When designing this study, we aimed to measure scapular rotations with both skin-

fixed method and palpation-based method (scapular locator). Our plan was to calibrate data 

from the sensor placed over the scapula using data from the scapular locator (Van Den Noort 

et al., 2015) (for example to understand the association between pain and scapular rotations 

during dynamic measurement). Unfortunately, we faced difficulties with implementing the 

equations reported in a previous study (Van Den Noort et al., 2015). For that reason, we opted 

to analyze scapular rotations using data from the sensor placed on the scapular locator.  

Measuring under static conditions may limit the application of our findings for interpreting 

dynamic movement conditions. Scapular muscle activity and kinematics differ during static vs 

dynamic conditions, and during ascending vs descending phases of arm elevation (Borstad & 

Ludewig, 2002; Fayad et al., 2006; Sole, Osborne, & Wassinger, 2014). Therefore, when 

aiming to assess scapular rotation during dynamic arm movement, the scapular locator is not 

an appropriate tool. One recommended solution to measure scapular movement during 

dynamic conditions is the use of an acromion marker cluster with single calibration at resting 

position, or double calibration above 90° arm elevation (Lempereur et al., 2014), or the use of 

inertial sensors attached to the skin for monitoring scapular movement. In this case, it is 

necessary to calibrate measurements using the scapular locator (Lempereur et al., 2014). 

Unfortunately, despite our efforts, we could not replicate this method in this project.  

 

A second limitation of the current study is that only asymptomatic participants were included, 

limiting the external validity of our findings. The reliability of scapular measurement in 

symptomatic participants can be poorer than asymptomatic participants (Haik et al., 2014). 

Pain can be considered as an unpredictable factor that affect the test of reliability (Portney & 

Watkins, 2015). When assessing the reliability of a measurement, there are a number of sources 

of error, and one key assumption is measurement stability (i.e., the construct being measured 

needs to be stable over time). The presence of pain might affect movement (Martín-San Agustín 

et al., 2019) and it is possible that pain levels may vary between two different days. If we had 

included participants with shoulder pain in this study, we would add another source of error 

into our design, i.e. the presence of pain and how that can influence movement (Portney & 
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Watkins, 2015). Our goal was to assess the reliability of our procedure for assessing scapular 

movement between two different days.  

 

4.6 Conclusion   

In this chapter, we assessed the intra-rater between-day reliability of scapular locator for 

measuring scapular rotations. The scapular locator has a good to excellent between-day 

reliability for measuring scapular upward/downward rotation and anterior/posterior tilt at 60° 

and 120° arm elevation. The scapular locator has low between-day reliability for all scapular 

rotations at 30° of arm elevation, and for scapular internal/external rotation at 60° and 120° of 

arm elevation. The SEM was less than 6° for all scapular rotations. Considering the increasing 

magnitude of scapular rotations with arm elevation and an SEM equal or smaller than 6˚, the 

relative measurement error decreased with arm elevation. The values of SDDs ranged between 

12° and 16°, indicating the minimum value needed for considering the real change in scapular 

rotations.    

  

Findings from this chapter support the use of the scapular locator for the observational study 

(Chapter 5) for measuring scapular upward/downward rotation and anterior/posterior tilt, and 

informs the way we should interpret the results reported in Chapter 5. Given the low reliability 

for internal/external rotation, these particular measurements are not reported in Chapter 5.
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5 Is there an association between changes in pain or function 

with scapular rotations in patients with subacromial shoulder 

pain? A prospective cohort study 
 

5.1 Overview  

Participants with subacromial shoulder pain may present with an altered scapular rotation 

compared with asymptomatic participants. It has been suggested that an altered scapular 

position at rest or during arm movement may be a factor in the development of subacromial 

shoulder pain as it affects the mechanics of the shoulder. However, it is still unclear whether 

altered scapular rotations (scapular dyskinesis) is associated with increase in patients’ 

symptoms or if an improvement in the scapular rotations is related to improvements in those 

symptoms. In this study, we assessed the association of changes in pain or function with 

changes in scapular rotations. The results of measurement error for measuring scapula as 

reported in the previous chapter with asymptomatic participants, were used to interpret findings 

reported in this chapter. Gathering information about the association between changes in 

scapular rotations and changes in shoulder pain or function can help us better understand 

whether scapular rotations may play a role in shoulder symptoms. 
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5.2 Introduction 

Subacromial shoulder pain is defined as pain at the shoulder joint that may spread to the neck 

and elbow, and worsens during arm movements, particularly during overhead activities 

(Bergman et al., 2010; Littlewood et al., 2016). Scapular dyskinesis is defined as an altered 

scapular position at rest or during arm movements compared with a normal scapular kinematic 

(Kibler et al., 2013; Plummer et al., 2017). In terms of kinematic changes in scapular rotation, 

previous studies referred to scapular dyskinesis as increased or decreased scapular upward 

rotation, increased scapular internal rotation, and decreased posterior tilt (Giuseppe et al., 2020; 

Kibler et al., 2012; Ludewig & Reynolds, 2009; Struyf, Nijs, Baeyens, et al., 2011; Tate et al., 

2009). The role of scapular dyskinesis on shoulder symptoms has been debated, and some 

authors have suggested that poor scapular alignment might affect the mechanics of the shoulder 

and increase the risk of shoulder pain (Hickey et al., 2018; Kibler et al., 2013; Ludewig & 

Reynolds, 2009).  

 

It is still unclear whether scapular dyskinesis is a cause or consequence of shoulder dysfunction 

(Kibler et al., 2013) or whether scapular dyskinesis is correlated with shoulder symptoms 

(Christiansen et al., 2017; Harris et al., 2012; Lopes et al., 2015; Tate et al., 2009). Hickey et 

al. (2018) showed that 35% of athletes with obvious or subtle scapular dyskinesis, and 25% of 

athletes without scapular dyskinesis, developed shoulder pain over one year. Those findings 

indicate that it would be difficult to establish whether observed scapular dyskinesis is likely to 

be a predictor of shoulder pain symptoms in patients with shoulder pain. Findings from 

previous studies showed that participants with subacromial shoulder pain presented with 

reduced scapular upward rotation and posterior tilt, when compared with asymptomatic 

participants, but no changes in scapular internal rotation (Borstad & Ludewig, 2002; Hebert et 

al., 2002; Lawrence et al., 2014; Lin et al., 2005; Ludewig & Cook, 2000; McClure et al., 2006; 

Su et al., 2004). Understanding whether changes in scapular rotations and function or pain are 

correlated can help to clarify the role of scapular rotations on shoulder symptoms and function.  

 

Scapular-focused interventions (i.e., scapular-focused training, scapular taping or scapular 

mobilization) are commonly used to improve shoulder pain or function (Başkurt et al., 2011; 

Hotta, Santos, McQuade, & de Oliveira, 2018; Moezy et al., 2014; Turgut et al., 2017). Three 
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systematic reviews compared the effectiveness of scapular-focused interventions, either alone 

or in addition to other interventions (i.e., conventional physiotherapy, range of motion or 

shoulder general exercise). Those reviews suggested that there is conflicting evidence 

regarding the effectiveness of scapular-focused interventions for improving pain and function, 

and they reported that the strength of evidence was limited by the small number of trials 

included in the reviews, the small sample size from included trials, or heterogeneity in the 

design of the interventions tested (Bury et al., 2016; Saito et al., 2018). In addition, the reviews 

indicated conflicting evidence regarding the effectiveness of this form of intervention on 

improving scapular rotations (Bury et al., 2016; Reijneveld et al., 2017).  

 

The primary aim of this study was to assess the association of changes in pain or function with 

changes in scapular rotations over time. The null hypothesis was that there would be no 

correlation between changes in shoulder pain or function with changes in scapular rotations. 

The alternative hypothesis was that there would be a good correlation between changes in pain 

or function with changes in scapular dyskinesis. The secondary aim was to compare pain, 

function and scapular dyskinesis test results between baseline and follow-up. These 

comparisons were to be made in order to assess the magnitude of change between time points 

for each outcome measure. This information was used to interpret the association between 

changes in shoulder pain or function with changes in scapular rotations.   

 

5.3 Methods 

5.3.1 Design 

This was an observational, prospective, cohort study following participants with subacromial 

shoulder pain for 8 weeks. The study followed the Strengthening and Reporting of 

Observational Study (STROBE) guidelines (Hendriksma, Joosten, Peters, Grolman, & 

Stegeman, 2017). 
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5.3.2 Ethical approval  

Ethics approval was obtained from the University of Otago Ethics Committee [Reference 

H17/080] (Appendix C1). Consultation with the Ngāi Tahu Research Consultation Committee 

(Māori committee) was completed prior to the study (Appendix C2).  

 

5.3.3 Setting  

Participants with subacromial shoulder pain were recruited from the local community and were 

assessed at the Biomechanics Laboratory, at the Centre for Health, Activity and Rehabilitation 

Research (CHARR), School of Physiotherapy, University of Otago, Dunedin, New Zealand.  

 

5.3.4  Participants 

5.3.4.1 Recruitment procedures  

Recruitment was carried out from 1st September 2017 until the 30th February 2018. Participants 

were recruited through e-mails to staff and students at the University of Otago, flyers on notice 

boards in community centers, sport clubs, physiotherapy clinics, and waiting rooms of general 

clinical practices. An electronic advertisement was also posted on the Otago Student Facebook 

page.   

 

Interested volunteers contacted the Clinical Research Administrator to receive information 

sheets about the study via post or email (Appendix C3). At this stage, the Clinical Research 

Administrator carried out the first screening via telephone. The criteria used for the telephone 

screening is provided at Appendix C4. Participants were contacted again a few days later and 

asked to confirm if they were willing to participate in the study. Those interested in taking part 

in the study were then screened by ZJT. The description of physical tests performed during 

physical screening is presented in Appendix C5. Eligible participants signed an informed 

written consent document prior to taking part in the study (Appendix C6).    
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5.3.4.2 Inclusion and exclusion criteria  

We included participants aged between 18 years and older with shoulder pain. Inclusion and 

exclusion criteria were based on the British Elbow and Shoulder Society (BESS) guidelines 

(Brownson et al., 2015). Participants were included if they had one positive finding in the 

following tests: (1) Painful arc movement during shoulder flexion or abduction, or (2) pain on 

resisted lateral rotation or abduction, or (3) pain with the Jobe’s test.  

 

Participants were excluded if they reported a history of shoulder dislocation or subluxation, 

shoulder surgery or cervical surgery within the last 6 months. Participants with symptoms of 

inflammation or systemic diseases, signs of paresthesia in the upper extremities, hemiplegic 

shoulder pain, frozen shoulder, or positive clinical signs of full thickness rotator cuff tear and 

signs of pain in the acromioclavicular joint were excluded. Clinical signs of full thickness 

rotator cuff tears included a positive external rotation and internal rotation lag test (Hegedus et 

al., 2012; Miller, Forrester, & Lewis, 2008). Acromioclavicular joint disorder was considered 

if participants presented pain at palpation and at the end range of arm elevation (Brownson et 

al., 2015). Participants with bilateral shoulder pain were assessed on their dominant side 

(Ludewig & Cook, 2000).   

 

5.3.5 Variables 

5.3.5.1 Demographics  

Participants’ demographic characteristics were collected at baseline. These included age, sex, 

weight, height, self-reported hand dominance, side of shoulder pain, duration of symptoms, 

previous shoulder pain episodes or injuries, and whether or not they had received treatment for 

their shoulder pain before participating in the study.  A web-based application, REDCap 

(Research Electronic Data Capture) (Harris et al., 2009), was used for recording all 

participants’ demographic clinical data. 
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5.3.5.2 Pain 

Shoulder pain at rest, during movement, and pain at different arm degrees (60°, 90° and 120°) 

were recorded using the numeric pain rating scale (NPRS) (Breivik et al., 2008). This scale has 

11 score ratings from 0 to 10, with 0 indicating no pain and 10 being the most severe pain 

(Farrar, Young, LaMoreaux, Werth, & Poole, 2001). A change of 2 points represents the 

minimal clinically important difference (MCID) (Hao et al., 2019; Ostelo et al., 2008); a change 

of 2 to 3 points is considered to be a ‘meaningful improvement’; and a change ≥ 3.5 to 4 points 

is considered to indicate ‘very much improvement’ (Abbott & Schmitt, 2014a; Dworkin et al., 

2008).  

 

5.3.5.3 Function 

Participants’ functional impairments were recorded using the Patient Specific Functional Scale 

(PSFS). The PSFS assesses functional impairments at individual-specific levels and can be 

used for between- and within-group comparisons (Abbott & Schmitt, 2014b). The PSFS has: 

high construct validity for identifying functional improvement in patients who improve 

compared to those who do not improve (Hefford, Abbott, Arnold, & Baxter, 2012); high 

discriminate validity for identifying low, medium and high functional disabilities (Abbott & 

Schmitt, 2014a); and moderate to high reliability (the test of repeated measures within a short 

period in untreated group) (Hefford et al., 2012).  

 

Currently, there are no recommendations on core outcome sets for studies assessing patients 

with shoulder pain, with a diversity of instruments being used by trials in this area (Gagnier, 

Page, Huang, Verhagen, & Buchbinder, 2017; Page et al., 2015). In New Zealand, clinicians 

are required to use the PSFS when assessing patients with musculoskeletal pain or injury 

(Nicholas, Hefford, & Tumilty, 2012). The PSFS has different clinometric properties compared 

with other fixed-item instruments such as SPADI and DASH questionnaires (Abbott & 

Schmitt, 2014b).  
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When completing the PSFS, participants were asked to name up to five activities that they had 

difficulties performing due to their shoulder problem. Participants rated their functional 

difficulties associated with those activities from 0 to 10, where 0 indicated an inability to 

perform the activity and 10 indicated the ability to perform the activity the same as before the 

onset of the shoulder pain or injury. The total score was then converted to a 0-100 score (Abbott 

& Schmitt, 2014b). A 13-point score change represents an MCID; a 23-point score change 

represents a medium clinical change, and a greater than 27-point score change means a large 

clinical change for the PSFS (Abbott & Schmitt, 2014a).   

  

5.3.5.4 Scapular dyskinesis  

The altered scapular rotations were assessed using the ‘scapular dyskinesis test’. The test 

consists of visual observation of the scapular positioning and movements during active arm 

elevation (Struyf et al., 2009). The test was performed during unloaded conditions (Kibler et 

al., 2002; Struyf et al., 2014), as unloaded testing presents better inter-rater reliability compared 

with the resisted testing (Struyf et al., 2009). The scapular dyskinesis test was found to have 

moderate intra-rater reliability (Kappa coefficient = 0.49 - 0.59) (Kibler et al., 2002) and 

‘moderate to substantial’ inter-rater reliability (Kappa coefficient = 0.49 – 0.64) (Huang et al., 

2015; McClure et al., 2009). Other tests (e.g., scapular protraction test, and scapular lateral 

slide test) assess scapular impairment in one movement direction and only using a static 

position (Nijs et al., 2005; Struyf et al., 2009). For example, the scapular protraction test 

assesses scapular protraction, and scapular lateral slide test assesses scapular upward rotation. 

Given current evidence and tests available for clinicians to assess scapular rotations, the 

scapular dyskinesis test was deemed to be the most appropriate to assess scapular rotations 

(Struyf et al., 2009). 

 

Participants were asked to remove their shirt or to wear a singlet or sports bra and perform a 

bilateral scapular arm elevation 5 times at their preferred speed, with their arm in the scapular 

plane, maintaining an upright posture in standing, and keeping their thumbs upward (Figure 

5-1). Scapular dyskinesis was assessed visually during both raising (concentric) and lowering 

(eccentric) phases of arm elevation (McClure et al., 2009). The assessor, ZJT (PhD candidate), 
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is a physiotherapist with 8 years’ clinical experience in musculoskeletal rehabilitation. During 

the assessment, the assessor stood behind the participants to observe their scapular rotations.  

 

Scapular movement was categorized in four patterns (Huang et al., 2015; Kibler et al., 2002):  

- Pattern I: the inferior medial angle of scapula or a lower third of medial border of 

scapula is prominent during dynamic observation and palpation, termed scapular 

tipping; 

- Pattern II: the medial border of the scapula (upper two third medial border) is prominent 

during dynamic observation and palpation, termed scapular winging; 

- Pattern III: the scapula has early elevation or has excessive upward rotation, termed 

scapular elevation;  

- Pattern IV: normal scapular movement;  

 

Each pattern was scored as normal = 0 (no evidence of alterations), subtle = 1 (mild or 

questionable evidence of alteration) or obvious = 2 (clearly apparent alteration) (McClure et 

al., 2009). For the purpose of this study, the first three patterns (scapular tipping, winging and 

elevation) were combined and summed for creating a final score which was used for classifying 

scapular dyskinesis. The final score could range from 0 (normal scapular movement) to 6 (the 

highest scapular dyskinesis score). 
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Figure 5-1 Scapular dyskinesis test. 

 

5.3.5.5 Scapular rotations  

Scapular rotations, including scapular upward/downward rotations and scapular 

anterior/posterior tilt, were measured with inertial sensors placed on the skin and a scapular 

locator. The detailed measurement procedure including placement of the sensors, anatomical 

calibration, and orientation of the sensors, were the same as those described in Chapter 4 

(Sections 4.3.8, 4.3.9, and 4.3.11). As the reliability of scapular locator was reported to be poor 

for scapular internal/external rotation (Chapter 4), these data were not reported.  

 

5.3.5.6 Measurement procedures  

Recording was performed in the static posture (sitting upright position), with the arm resting 

in an anatomically neutral position and with the thumb pointing forward. The PhD candidate 

visually inspected the postural alignment of the participants. The scapular locator’s arms were 

positioned on the posterior acromial angle (a meeting point between acromion process and 

scapula spine), the root of scapular spine (Trigonum spinae), and the inferior scapular angle 

(Van Andel et al., 2009; Van Den Noort et al., 2015). Scapular positioning was measured when 

participants held their arm (painful side) at rest and at 60°, 90°, and 120° in the scapular plane. 



Chapter 5 

The association between changes in pain or function with scapular rotations 

84 
 

The measurement procedures were the same as those described in Chapter 4 (Section 4.3.10). 

During measurement, participants were asked to report their pain in each shoulder elevation 

angle (positional pain at 60°, 90°, and 120° arm elevation). Each measurement was repeated 

three times (Figure 5-2). Participants were also allowed to have a rest between trials as needed 

(Hardwick & Lang, 2011).  

 

 

Figure 5-2 Scapular measurement at painful side, the pole was used to guide the degree of elevation. 

 

5.3.6 Follow-up time points  

Participants were assessed at two time points: at baseline and 8 weeks later. This timeframe 

was selected using findings from a previous study which recommended a minimum of 8 weeks 

for significant changes in pain scores in patients with shoulder subacromial pain (Trudelle-

Jackson, 2006). At these time points, ZJT assessed the following outcome measures [pain, 

function, and scapular movement through scapular dyskinesis test and scapular locator]. She 

was not blinded to participants’ pain and function scores at the baseline and follow-up.  
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5.3.7  Sample size estimation 

The sample size was estimated using the “ICC. Sample Size” package in R software (Dean & 

Nielsen, 2007). Assuming a power of 0.8, two-sided test with alpha set at 0.05, a correlation 

coefficient of 0.57 (or smaller), no assumptions about the correlations between repeated 

measures over time, the smallest number required to detect a coefficient of determination of 

33.3% was 22 participants. 

 

5.3.8 Statistical analyses 

We compared scores between baseline and follow-up for each outcome measure (i.e., pain, 

function, scapular rotations and scapular dyskinesis test) to assess the magnitude of change 

between these two time points. When comparing pain or scapular dyskinesis and rotations, a 

negative difference between baseline and follow-up indicated improvement in pain, scapular 

dyskinesis, decreased scapular internal rotation, decreased scapular upward rotation, and 

decreased scapular anterior tilt. When comparing function scores between baseline and follow-

up, a positive difference indicated improvement in function. Such information was used to 

determine whether changes in scores were greater than the minimum clinically important 

difference for each outcome measure. 

 

We used IBM SPSS statistics 25 (IBM Corp. Released 2017. IBM SPSS Statistics for 

Windows) to analyze data. While analyzing our data, we used multiple imputation for missing 

data at random. The data is regarded as missing at random if there is no particular reason for 

missing participants in the follow-up (for example, if participants had severe pain that 

prevented them from participating, the missing data is not at random) (Enders, 2017). The 

imputation was repeated 5 times and the third copy of imputed data were pooled for the purpose 

of this study. Alpha was set at 0.05 for all inferential analyses. 

 

Descriptive statistics were calculated for continuous data including mean pain (NPRS at rest, 

during movement, and at different arm degrees), function (measured with PSFS) at baseline 
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and follow-up, and scapular rotations (internal/external rotation, upward/downward rotation 

and anterior/posterior tilt) for each arm position at baseline and follow-up. Paired t tests were 

used for assessing the difference between baseline and follow-up for all continuous data. The 

scapular dyskinesis score was described as median and range at baseline and follow-up. 

Wilcoxon signed-ranked test was used for assessing the difference between baseline and 

follow-up for this variable.  

 

We used the Spearman rank correlation (rs) because we expected a non-linear relationship 

between changes in pain or function and scapular rotations. At each degree of arm elevation, 

the relationship between changes in pain or function were explored with change in scapular 

rotations. The magnitude of correlation was interpreted based on the following criteria: a 

coefficient of 0.25 or less was considered low; 0.26 to 0.50 was considered as fair; 0.51 to 0.75 

was considered to be good; and greater than 0.76 was considered to show a strong correlation 

(Portney & Watkins, 2015). The alpha level was set at 0.05 for all statistical analyses.  

 

5.4 Results  

5.4.1 Recruitment  

Fifty-three participants showed interest in this study. Out of these, 25 eligible participants 

agreed to participate in the study. Eighteen participants did not meet the inclusion criteria 

within telephone screening (n=9) and physical tests screening (n=9). Ten eligible participants 

chose not to participate at this stage.   

 

5.4.2 Demographic characteristics  

Demographic and clinical characteristics of participants at baseline and the follow-up time 

point (8 weeks), and the difference in mean values between the two time points are presented 

in Table 5-1 and Table 5-2. A total of 25 participants, (16 women, and 9 men), age ranging 

between 24 to 86 years old took part in this study. Shoulder pain duration ranged from 0.5 to 

384 months. Two participants presented with bilateral shoulder pain; thus, the data were 

collected for their dominant side. Five participants presented acute shoulder pain (≤ 3 months) 
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and 20 participants presented chronic shoulder pain. Eight participants reported a history of 

shoulder pain, and 6 of them reported a previous history of treatment. The median scapular 

dyskinesis test score was 2.0 (0.0 to 5.0) at baseline, including nine participants diagnosed as 

obvious scapular dyskinesis (five participants presented obvious scapular tipping, six 

participants presented obvious scapular winging, and two participants presented scapular 

elevation), 13 with ‘subtle’ scapular dyskinesis, and three with ‘normal’ scapular rotation. 

 

Twenty participants completed follow-up measurements. Five participants (3 women and 2 

men) dropped-out and did not complete the follow-up measurement session. Reasons for 

dropping out included: being busy (n = 2), being out of town for unexpected reasons (n = 2) or 

being unwell at the time of follow-up (n = 1). Multiple imputation was used to impute the 

missing values at follow-up time points for these 5 participants.  
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Table 5-1 Demographic and clinical characteristic of participants with shoulder pain at baseline (N = 25). 

 Mean (SD) Range 
Age (years) 45.8 (13.8) 24 to 86 
Weight (kg) 76.0 (15.2) 46.8 to 100 
Height (cm) 169.2 (9.4) 153 to 195 
BMI (kg/m2) 26.9 (4.8) 18.5 to 35.9 
Female sex N (%) 16 (64%)  
Shoulder pain duration (M) 
Median (min to max) 

12 0.5 to 384 

Acute and subacute shoulder pain 
(<3 months), N (%) 

5 (20%)  

Chronic shoulder pain (>3 
months), N (%) 

20 (80%)  

Hand dominance right side N (%) Right side: 
21 (84%) 

 

Affected side N (%) 
 
 
 
 

Right side: 
14 (56%) 

 
Left side: 
11 (44%) 

 

Previous history of shoulder pain 
N (%) 

8 (32%)  

Previous treatment of the shoulder 6 (24%)  
Obvious scapular dyskinesis, N 
(%) 

9 (36%)  

Subtle scapular dyskinesis, N (%)  13 (52%)  
Normal scapular rotation, N (%) 3 (12%)  

Abbreviation: M: month, N: number of participants, BMI: body mass index. 
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Table 5-2  Scapular rotation, pain and function at baseline and follow-up and the difference between two time 
points (N= 25). 

 Baseline 
mean and (SD) 

Follow-up 
mean and (SD) 

Mean Difference 
(95% CI) 

 
P-value 

Scapular upward 
rotation 

  

60° 8.4 (7.1) 6.6 (9.8) - 1.8 (-6.2 to 2.5) 0.400 
90° 18.0 (8.8) 17.2 (10.9) - 0.8 (-5.7 to 4.1) 0.750 
120° 27.3 (8.6) 23.3 (14.9) -4.0 (-8.9 to 1.0) 0.112 
Scapular posterior 
tilt 

  

60° -0.4 (6.1) -0.8 (6.1) -0.3 (-3.0 to 2.30) 0.790 
90° -2.4 (11.8) 0.7 (12.8) 3.1 (-1.6 to 7.9) 0.187 
120° -5.3 (18.1) 1.6 (19.6) 6.9 (0.2 to 13.7) 0.042* 
Scapular dyskinesis 
test,  
Median (min to 
max) 

 
2.0 (0.0 to 5.0) 

 
2.0 (0.0 to 5.0) 

 
0.0 (-3.0 to 3.0) 

 

NPRS    
60° 2.8 (2.2) 1.7 (1.5) -1.1 (-2.0 to -0.2) 0.022* 
90° 3.5 (1.9) 2.6 (1.8) -0.9 (-1.5 to -0.2) 0.013* 
120° 3.9 (2.2) 2.8 (1.9) -1.1 (-1.9 to -0.2) 0.018* 
NPRS at rest 1.0 (1.4) 1.0 (1.2) 0.0 (-0.6 to 0.5) 0.888 
NPRS during 
movement 

4.0 (1.7) 3.7 (2.3) -0.3 (-1.3 to 0.7) 0.560 

PSFS 45.7 (17.6) 54.8 (24.5) 9.2 (2.2 to 16.1) 0.012* 
Abbreviation: NPRS: Numeric Pain Rating Scale, PSFS: patient specific functional scale, * = statistically 
significant difference (P-value ≤ 0.05). Mean difference was calculated as follow-up – baseline. Positive sign 
indicates increased pain, scapular upward rotation, scapular anterior tilt, increased scapular dyskinesis and 
improvement in function.  

 

5.4.3 Relationship between changes in pain or function with scapular rotations 

The Spearman correlation coefficients for associations between changes in pain and changes 

in scapular rotations are presented in Table 5-3. The scatter plots showing the correlation 

between changes in pain and scapular rotations are presented in Appendix C7. No correlation 

was found between changes in pain with changes in scapular upward/downward rotation or 

scapular anterior/posterior tilt. No significant correlation was observed between changes in 

function and changes in scapular rotations. No correlation was found between changes in pain 

or function and changes in scapular dyskinesis test scores (Table 5-4). The scatter plots 

showing the correlation between changes in NPRS at rest, during movement, or PSFS with 

scapular dyskinesis test scores are presented in Appendix C8.   
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Table 5-3 Correlation coefficients between changes in pain or function with scapular rotations. 
Arm 
degree 

Upward/downward 
rotation (rs) 

P-value Anterior/posterior 
rotation (rs) 

P-value 

NPRS     
60° 0.03 0.888 - 0.01 0.968 
90° 0.27 0.190 0.23 0.268 
120° 0.15 0.472 0.09 0.666 
PSFS     
60° 0.23 0.271 - 0.05 0.808 
90° - 0.13 0.548   0.08 0.718 
120° - 0.09 0.659 - 0.13 0.540 

Abbreviation: NPRS: Numeric Pain Rating Scale, PSFS: patient specific functional scale * = statistically 
significant correlation (P-value ≤ 0.05). 
 
 
 
Table 5-4 Correlation coefficients between changes in pain or function with scapular dyskinesis test. 

Changes in score Scapular dyskinesis test  
(scoring 0-6) (rs) 

P-value 

NPRS at rest (0-10) -0.20 0.333 
NPRS during movement (0-10) 0.11 0.601 
PSFS (0-100) 0.08 0.712 

Abbreviation: NPRS: Numeric Pain Rating Scale, PSFS: patient specific functional. 

 

5.5 Discussion 

We assessed the correlation between changes in pain or function with changes in scapular 

rotations and scapular dyskinesis test over an 8-week period in participants with acute or 

chronic subacromial shoulder pain. On average, participants reported no changes in pain and 

function scores from baseline to follow-up. However, as presented on scatter plots (see 

appendices C7 and C8), there was a range of within-individual changes in scores and those 

changes allowed us to perform the correlation analyses. These results suggest there is no 

association between the scapular movement pattern and pain or function in participants 

presenting with acute and chronic shoulder pain.  

 

5.5.1 Correlation between changes in pain or function with scapular rotations  

No correlations were observed between changes in pain or function with scapular 

upward/downward rotation and anterior/posterior tilt measured with the scapular locator. This 

finding is consistent with the findings of a previous study that assessed the efficacy of an 

immediate reduction of pain on scapular rotations in participants with full thickness rotator cuff 
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tear (Scibek et al., 2008). The findings showed that an immediate reduction in pain (following 

lidocaine injection) resulted in no changes in scapular upward/downward rotation and 

anterior/posterior tilt. The results of a previous cross-sectional study showed that there was 

larger scapular internal rotation in patients (scapular winging) with greater disability score 

(Lopes et al., 2015). The changes seen in this study from baseline to follow-up did not meet a 

minimal clinical importance difference in pain and function score. Most of the participants did 

not receive any clinical interventions over 8 weeks, which, based on the findings of the 

systematic review in Chapter 3, supports the view that no specific changes can be expected in 

pain or function if no treatment is received. Our findings are thus inconclusive. We recommend 

future studies assess the association between changes in pain and function scores with changes 

in scapular rotation for a cohort of patients who are receiving clinical interventions.  

 

Findings from a previous laboratory-based study indicated that experimentally induced pain 

changed scapular rotations (Wassinger et al., 2013). In asymptomatic participants, 

experimentally-induced subacromial pain increased scapular upward rotation (Wassinger et al., 

2013). In our study, we did not observe an association between changes in pain with changes 

in scapular rotations over 8 weeks. The difference between our study and that by Wassinger et 

al. (2013) is due to a different study design. Our participants had shoulder pain for 12 months, 

while Wassinger et al. (2013) used experimentally-induced pain in asymptomatic individuals. 

Future studies could explore whether the association between changes in pain with changes in 

scapular rotations are different between patients with acute and chronic pain. 

 

The correlation coefficient findings related to scapular internal/external rotation were not 

reported as the scapular locator was shown to have poor reliability for measuring scapular 

internal/external rotation (Chapter 4). We conducted two studies (reliability and observational 

studies) concurrently, thus we did not have opportunity to incorporate the findings of one study 

with another. Overall, the range of scapular internal/external rotation was reported to be smaller 

than two other scapular rotations, therefore it is possible that the difference reported between 

two time points is located within the error of measurement. The difference in scapular internal 

rotation from baseline to follow-up (mean difference -1.0°, 95% CI -3.5 to 1.4, P-value = 0.4), 

was smaller than the SEM calculated in the reliability study (SEM= 6° in healthy participants). 
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Measuring scapular internal/external rotation was also a challenge in previous studies as it is 

smaller than other scapular rotations (Haik et al., 2014; Van Den Noort et al., 2014), and further 

investigation in this regard is yet to be initiated.  

 

5.5.2 Correlation between changes in pain or function with scapular dyskinesis test   

The results of this study showed no correlations between changes in ‘pain at rest’ or ‘pain 

during movement’ with changes in the scapular dyskinesis test. The results of a previous cross-

sectional study showed that pain intensity was not associated with having obvious scapular 

dyskinesis or a normal scapular movement pattern in athletic participants with subacromial 

shoulder pain (Tate et al., 2009). We did not observe any correlations in changes in function 

and scapular dyskinesis. In this regard, conflicting results were reported in previous studies 

using a cross-sectional design (Christiansen et al., 2017; Harris et al., 2012; Lopes et al., 2015). 

One study reported that patients with scapular dyskinesis have higher functional ability (Harris 

et al., 2012), another reported higher functional impairments (Lopes et al., 2015), and another 

reported similar functional scores (Christiansen et al., 2017) in comparison with patients with 

a normal scapular movement pattern. Christiansen et al. (2017) also reported that there is no 

difference in functional improvement between patients with and without scapular dyskinesis. 

These divergent findings still question the role of scapular dyskinesis as one of the factors 

influencing the onset or maintenance of functional impairments or pain, and show a need to 

further investigate other factors.  

 

It is possible that scapular dyskinesis is an adaptive process and does not necessarily imply a 

maladaptive response to nociceptive stimuli. Factors such as the side of the shoulder, muscle 

strength, comorbidity, sex, and education might be associated with scapular alignment or pain 

and function presentation. For example, scapular dyskinesis was reported higher in the 

dominant shoulder side than the non-dominant side, and in athletic tennis players than non-

athletic players (Silva et al., 2010; Struyf et al., 2014). Findings of other studies showed in 

participants with atraumatic and symptomatic rotator cuff tears, the involvement of other joints 

and low education were correlated with high pain intensity (Dunn et al., 2014), and the female 

sex was correlated with higher disability levels in relation to male sex (Harris et al., 2012). 
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Therefore, the effect of changes in scapular dyskinesis on changes in pain and function scores 

needs to be further explored while recruiting participants with similar clinical characteristics.   

 

5.5.3 Limitations  

Clinical tests used for recruiting participants, while having a high sensitivity for identifying 

shoulder pain, do not have high specificity for finding the source of shoulder pathologies 

(Salamh & Lewis, 2020). Thus, not recruiting participants with a homogenous source of 

pathology could be considered to be a limitation in this observational study. We also 

acknowledge that other individual factors were not controlled, and could be potentially 

confounding factors when analyzing the association between scapular rotations and pain or 

function. For example, factors such as symptom duration, age, sex, pain catastrophizing, and 

physical demands in daily life (Braun, Hanchard, Handoll, & Betthauser, 2018) may influence 

both scapular dyskinesis and pain or function. Therefore, any future cohort study should control 

potential confounders. 

 

The lack of significant changes in pain or function scores over 8 weeks may have influenced 

the results of the study. The duration of observation was not long enough to see any significant 

changes pain or function. Most of the participants did not receive any specific intervention over 

this 8-week period. Findings from our systematic review (Chapter 3) suggest no improvement 

occurred between 3 and even 6 months for participants who received ‘no intervention’. Those 

participants who received usual care presented medium clinical improvement in pain up to 6 

months. Therefore, a future cohort study could follow participants who receive ‘usual care’ for 

at least 6 months. Another factor that may help to observe more change is to consider a lower 

limit of pain score when recruiting participants. There was no limitation on the lower limit of 

pain when including participants. In one previous study, participants with higher pain scores 

showed larger reduction in pain than others with lower pain scores (Reilingh et al., 2008). 

Therefore, recruiting participants with higher pain scores may create more room for 

improvement and this may help us to observe more changes over time.   
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There is a risk of observer bias when scoring the scapular dyskinesis test. The scapular 

dyskinesis test was undertaken by one examiner (the PhD candidate) who was not blinded to 

the changes in pain or function scores. The individual assessor’s interpretation plays a key role 

in the classification of scapular dyskinesis (Christiansen et al., 2017). Non-blinded examiners 

tend to allocate higher scapular dyskinesis scores in comparison with blinded examiners 

(Plummer et al., 2017). 

 

There is a risk of measurement error in identifying subtle changes in scapular dyskinesis. We 

chose a score-based method for scoring the changes in the scapular dyskinesis, as we aimed to 

observe gradual changes in the scapula (for example changes from obvious to subtle 

dyskinesis). When using this test, it was difficult to differentiate between ‘subtle’ dyskinesis 

and ‘normal’ scapular movement. This test has high concurrent validity (by comparing 

kinematic measures obtained from an electromagnetic motion tracking system) if patients 

present with ‘obvious’ scapular dyskinesis in one or more scapular patterns compared with 

normal scapular movements (Lopes et al., 2015; Tate et al., 2009). In our study, only 9/25 

participants were identified with obvious scapular dyskinesis in one or two scapular patterns at 

baseline. The advantage of using dynamic scapular dyskinesis test for clinical assessment is 

that it increases the external validity of our findings. This test was also recommended by 

previous researchers (Fisher & Levangie, 2013; Kibler et al., 2013). In order to increase the 

validity of the scapular dyskinesis test, the dichotomous method (yes/no) may provide more 

validity to identify obvious scapular dyskinesis from normal movement (Lopes et al., 2015; 

Tate et al., 2009). Given this knowledge, we preferred to consider subtle scapular dyskinesis 

for the external validity of the study.   

 

5.5.4 Clinical implications 

These findings may indicate that changes in scapular dyskinesis may not have an association 

with changes in symptoms of subacromial shoulder pain. The role of scapular dyskinesis on 

the onset or maintenance of symptoms still needs to be further explored. Identifying the role of 

scapular dyskinesis on symptom presentation can help to find better treatment strategies. The 

predictive role of abnormal scapular rotations in inciting subacromial shoulder pain may be by 

chance (Hickey et al., 2018; Struyf et al., 2014); other researchers have also acknowledged that 



Chapter 5 

The association between changes in pain or function with scapular rotations 

95 
 

this could be one of many potential factors in the multidimensional nature of shoulder pain 

(Littlewood & Cools, 2018). The predictive values of the duration of shoulder pain, physical 

work load, insufficient dynamic control of scapula or rotator cuff, and poor posture were 

identified in the poor prognosis of subacromial shoulder pain (Bodin et al., 2014; Engebretsen 

et al., 2010; Ludewig & Reynolds, 2009; Struyf et al., 2016), however, the predictive value of 

these factors was not explored in the presentation of scapular dyskinesis. Identifying the role 

of these factors in the presentation of scapular dyskinesis and subacromial shoulder pain 

together may help us to understand if scapular dyskinesis is a protective or exacerbating 

strategy in subacromial shoulder pain.  

 

5.6 Conclusion 

The findings of this study demonstrated that there were no significant correlations between 

changes in pain or function and scapular upward/downward rotation and scapular 

anterior/posterior tilt. No correlations were found between changes in pain (at rest and during 

movement) or function and the scapular dyskinesis test. The next chapter describes a feasibility 

study to compare the effects of tailored training (motor control and physiotherapist-based 

manual therapy) with standard exercise on pain and function and scapular dyskinesis. 
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6 The effectiveness of a tailored training versus standardized 

exercise program for patients with subacromial shoulder pain: 

feasibility of randomized controlled trial (the Otago MASTER 

trial) 
 

6.1 Overview 

As outlined in the literature review (Chapter 2), it is unclear which form of exercise therapy 

may be more effective to improve clinical outcomes in patients with subacromial shoulder pain. 

The previous chapter suggested there were no associations between changes in pain or function 

scores with changes in scapular movement pattern. Some trials have tested whether treatment 

focusing on specific impairments (e.g., scapular training exercises targeting scapular 

movement pattern, manual therapy targeting joint mobility) leads to better clinical outcomes. 

Systematic reviews showed treatment focusing on scapula may lead to better clinical outcomes 

compared with other physiotherapy interventions. However, those trials reported by previous 

reviews differed in terms of methods and outcome measures. A fully randomized controlled 

trial is warranted in order to assess the effectiveness of a tailored program (motor control 

therapy combined with manual therapy) in comparison with standardized exercise therapy 

(general shoulder exercise) for improving pain, function, and optimizing scapular rotations. In 

this chapter, we describe a feasibility trial assessing the recruitment and adherence rates, 

adverse events, and preliminary estimates of treatment effect on pain, function, and scapular 

dyskinesis scores. These estimates will be used to estimate the sample size required for a full 

RCT study.  
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6.2 Introduction   

Several systematic reviews identified that there is still little evidence as to which exercise is 

more effective for improving clinical outcomes (Gebremariam et al., 2014; Haik et al., 2016; 

Hanratty et al., 2012; Littlewood et al., 2013; Page, Green, McBain, et al., 2016; Pieters et al., 

2020; Sean et al., 2015). Previous reviews suggest some preliminary evidence that scapular-

focused exercises may be effective in improving pain and function compared with other 

physiotherapy interventions (Bury et al., 2016; Reijneveld et al., 2017; Saito et al., 2018). 

However, there was heterogeneity between studies in terms of intervention, control group, and 

outcome measures. For example, because of different scapular approaches used in the included 

studies, it is not clear if a beneficial effect arises from strengthening scapular muscle strength 

or from other treatment effects (such as scapular taping or mobilization). Those systematic 

reviews also highlighted the small sample sizes in studies, therefore failing to confirm the 

clinical efficacy of scapular retraining on the rehabilitation of subacromial shoulder pain. 

 

Clinicians may also target scapular and shoulder motor control when managing patients with 

shoulder pain (Ellenbecker & Cools, 2010; Magarey & Jones, 2003a). Few studies assessed the 

efficacy of motor control training on subacromial shoulder pain (Roy, Moffet, et al., 2009; 

Struyf et al., 2013; Worsley et al., 2013). Two previous cohort studies with a repeated 

measurement design showed motor control training improved pain and function and changed 

scapular positioning and movement in patients with subacromial shoulder pain (Roy, Moffet, 

et al., 2009; Worsley et al., 2013). However, as those studies had repeated measure designs, it 

is not clear if motor control training has a superior effect to other interventions. One RCT 

indicated motor control training has better effect on pain and function compared with general 

shoulder exercise (Struyf et al., 2013), however, this was a small sample size.  

 

Manual therapy may also be considered as part of treatment for patients with shoulder pain. 

One review suggested that manual therapy may have additional effects in the short-term when 

added to an exercise program (Desjardins-Charbonneau et al., 2015; Gebremariam et al., 2014; 

Green et al., 2003; Haik et al., 2016; Pieters et al., 2020). However, it is unclear which form of 

manual therapy leads to better clinical outcomes (Desjardins-Charbonneau et al., 2015; Pieters 
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et al., 2020). It has been suggested that manual therapy needs to be tailored to specific 

impairment in order to achieve better treatment effects (Desjardins-Charbonneau et al., 2015).  

 

There is some evidence that exercise therapy is an effective intervention for patients with 

shoulder pain. It is unclear which form of exercise and manual therapy is more effective when 

managing these patients (Pieters et al., 2020). There is a need to compare a tailored training 

program (the combination of motor control and manual therapy) with a standardized exercise 

program (scapula and glenohumeral flexibility and strengthening exercise) on improving pain, 

function, and optimizing scapular rotations in subacromial shoulder pain.  

 

6.2.1 Objectives 

A feasibility RCT is necessary to estimate important parameters for designing a full RCT 

(Mubashir, Campbell, Cooper, & Lancaster, 2010). For this feasibility study, the objectives 

were to assess: 

1. Participants’ recruitment rate; 

2. The proportion of participants enrolled from the total number screened; 

3. Adherence rate to the rehabilitation program; 

4. Drop-out rates;  

5. Obtain estimates of adverse reactions to the intervention; 

6. Obtain estimates of intervention effects to inform the sample size of the full RCT.  

 

6.3 Methods 

6.3.1 Study design and setting 

This was an assessor- and participant-blinded randomized controlled feasibility trial. 

Participants were randomly allocated to one of the two intervention groups: tailored training or 
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standardized exercise programs. The study was reported following the Consolidated Standards 

of Reporting Trials (CONSORT) statement for non-pharmacological treatment (Moher et al., 

2010), and the interventions were described following the Template for Intervention 

Description and Replication (TIDieR) checklist and guide (Hoffmann et al., 2014). The 

protocol was published in BMJ Open (Ribeiro, Jafarian Tangrood, Sole, & Abbott, 2019). 

  

This feasibility RCT received funding from the Health Research Council (HRC, New Zealand) 

with Daniel Ribeiro as primary investigator. The study reported in this chapter represents a 

component of the whole feasibility study funded by HRC-NZ. The feasibility trial also included 

a preliminary cost-effectiveness analysis, a nested qualitative study and a nested process 

evaluation study. Those are not reported in this thesis. In addition, participant were followed 

up to 12 weeks in the feasibility study. For the purposes of this PhD thesis, outcomes from 

baseline to 8 weeks follow-up are reported. 

 

Ethical approval was obtained from Human Research Ethics Committee, University of Otago 

with H17/080 (Appendix D1), and Ngāi Tahu Research Consultation (Māori committee) 

(Appendix D2). This trial was registered with the Australia New Zealand Clinical Trial 

Registry number ACTRN 12617001405303 (Appendix D3) in October 2017. 

 

6.3.2 Eligibility criteria for participants   

We included participants aged between 18 and 65 years old who presented with mechanical 

shoulder pain. Participants were screened according to the British Elbow and Shoulder Society 

(BESS) guidelines (Kulkarni et al., 2015). Based on BESS guideline, participants were 

screened for red flags including systematic disease, tumor, unreduced dislocation, acute rotator 

cuff tear, infection, shoulder pain arising from the cervical spine, the shoulder instability, 

acromioclavicular joint disease and adhesive capsulitis. Participants with a history of shoulder 

surgery within the past 6 months also were excluded. They were included if they presented a 

positive finding in one of the following tests: (1) Painful arc movement during shoulder flexion 

or abduction; or (2) pain on resisted lateral rotation or abduction or (3) Jobe’s test. For 

participants with bilateral shoulder pain, the most affected side was assessed and treated.  
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6.3.3 Sample size 

This study was designed as a feasibility trial therefore the sample size was estimated based on 

the expected range for effect size, power and alpha set (Whitehead, Julious, Cooper, & 

Campbell, 2016). Considering the expected effect size between 0.3 and 0.7, the power at 80% 

and the alpha set at 0.05, 10 participants in each group were required. Assuming a 20% loss to 

follow-up (Roddy et al., 2014), a total sample size of 25 participants were required.  

 

6.3.4 Recruitment procedure 

Recruitment was performed from the community within Dunedin. It included sending an e-

mail to all University staff via the staff distribution list, and advertising in the local newspaper. 

Respondents were asked to contact the Clinical Research Administrator at the Centre of Health, 

Activity and Rehabilitation Research (CHARR), School of Physiotherapy for receiving 

additional information. Respondents received the information sheet (Appendix D4) outlining 

the study by email or by post. Respondents who were interested in participating in the study 

were pre-screened by telephone by the research administrator using a standard checklist. The 

phone screening gathered information which included their age, presence of shoulder pain, a 

history of shoulder surgery within the past 6 months, a history of shoulder dislocation and 

rheumatoid arthritis.  

 

After the phone screening, potential participants were introduced to the research assistant (RA) 

who arranged a face-to-face appointment. The RA verbally explained the study and was 

available to answer questions from the potential participants about the study.  

 

Further screening for inclusion and exclusion criteria was performed by an assessor (CF) who 

was not involved in delivering the interventions. If eligible participants were interested in 

enrolling in the study, they signed an informed consent form (Appendix D5). CF undertook the 

baseline assessment and ZJT (PhD candidate) performed the Scapular Dyskinesis Test.  
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6.3.5 Randomization sequence  

The research administrator (not involved with the intervention) prepared a computer-generated 

random allocation sequence using a block allocation of 4, with a 1:1 ratio. After informed 

consent and completion of the baseline assessment, the RA provided an opaque sealed envelope 

containing the participant’s allocation to tailored training or the standardized exercise program. 

Participants were asked to deliver this envelope to the clinicians and hide their group allocation 

from assessors.  

 

6.3.6 Blinding  

Participants and the two assessors (ZJT and CF) were blinded to group allocation. Clinicians 

who provided the interventions and the RA were not blinded to group allocation. To ensure 

blinding of assessors, participant’s ID numbers and randomization codes were used to conceal 

the participants’ group allocation.  

 

6.3.7 Intervention groups 

Treatments were administered by 4 clinicians working at the School of Physiotherapy Clinic 

(University of Otago). Both groups received 16 supervised, face-to-face interventions, with 

each session lasting 40 to 60 minutes, twice a week, over 8 weeks. Participants in both groups 

received a total of 8 exercises per session. The exercises could be progressed through 3 stages: 

stage 1 consisted of 2 sets of 10 repetitions each for individual exercises; stage 2 consisted of 

3 sets of 10 repetitions; stage 3 consisted of 2 sets of 20 repetitions. Participants were given 30 

seconds rest between sets of each exercise, and one-minute rest between two different exercises 

(Freitas de Salles et al., 2009). The intensity of exercise was determined by self-perceived effort 

using a 10-point rate of perceived exertion (RPE) scale (Borg, 1982). The rate of perceived 

exertion was shown to be valid for monitoring the intensity of resistance training (McGuigan, 

Egan, & Foster, 2004) where low intensity exercise equals 3-4 RPE, moderate intensity 

exercise equals 5-6 RPE and high intensity equals 7-8 RPE. All participants were provided 

with an exercise log booklet (Appendices D6 tailored exercise program and D7 for standardized 

exercise program). The log booklet was used for recording their home-based exercises, and 

medication used during the trial. 
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Participants were advised that exercise may lead to muscle fatigue, but that the pain should 

remain at acceptable levels. The clinicians were required to decrease the intensity of an exercise 

or discontinue it if: 1) the pain increased beyond the acceptable or tolerable level; 2) there was 

an immediate increase in pain; (3 scores in the NPRS compared to pain at rest) following an 

exercise; 3) pain persisted more than 30 minutes after exercise completion. All participants 

were advised to avoid pain-provoking activities. This was suggested to avoid delaying the 

treatment program.   

 

All participants were asked to perform two exercises at home. These exercises were to be 

performed during days that they did not attend face-to-face sessions. Participants in the tailored 

training program were required to perform two exercises (Appendix D6). Clinicians could 

progress the intensity for two exercises based on RPE or replace the home-based exercises with 

another two exercises that were part of the tailored rehabilitation program. In the tailored 

rehabilitation program, these home-based exercises were prescribed based on participants’ 

impairments. Participants in the standardized exercise program were required to perform two 

fixed exercises (i.e., shoulder internal and external rotation) (Appendix D7). 

 

6.3.7.1 Tailored training program 

Clinicians assessed subjectively and objectively participants in the tailored group. The 

assessment covered the following possible impairments: humeral and scapular dyskinesis 

during rest and arm movement, shoulder range of motion and resistive muscle tests, physical 

impairment tests including pain modification tests and specific muscle control test (Appendix 

D8). The detailed description of physical impairment tests for the tailored group was provided 

for clinicians in order to standardize the tests (Appendix D9). Participants in the tailored 

training group received exercise and manual therapy that were based on patient-specific 

physical impairments. Suggested exercises for each physical impairment were provided in 

Appendix D10 for clinicians. 

 

Exercises were aimed to improve neuromuscular control of scapular and shoulder muscles. 

These exercises were designed based on the literature (Fernandes-de-las-penas, Cleland, & 
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Dommerholt, 2015; Lewis, 2016; Lewis et al., 2015; Magarey & Jones, 2003a; Mottram, 1997; 

Worsley et al., 2013), and adapted after consulting with clinicians who would deliver the 

intervention. Additional exercises included proprioception, balance and plyometric trainings 

for retraining of mechanoreceptors associated with the joint, capsule and ligaments (Dilek et 

al., 2016; Lephart, Warner, Borsa, & Fu, 1994). The description of the tailored training program 

is provided in Appendix D11. Participants in the tailored training group received up to three 

manual therapy interventions if physical assessment suggested the presence of joint 

impairments (i.e., pain or stiffness). Possible manual therapy techniques included passive 

accessory mobilization of glenohumeral joint, manipulation or passive accessory mobilization 

of thoracic and cervical spine, mobilization with movement with or without taping (Bang & 

Deyle, 2000; Djordjevic, Vukicevic, Katunac, & Jovic, 2012; Mulligan, 2003; Teys, Bisset, 

Collins, Coombes, & Vicenzino, 2013). Passive accessory mobilization techniques could be 

performed at grade III- or IV- when pain was dominant, and III+ or IV+ when stiffness was 

dominant (Camargo et al., 2015; Kachingwe et al., 2008; Snodgrass, Rivett, & Robertson, 

2007).  

 

6.3.7.2 Standardized exercise program 

Clinicians assessed subjectively and objectively participants in this group before starting 

physiotherapy (Appendix D12). The standardized exercise program included exercises 

focusing on strengthening the rotator cuff, and scapular muscles, as well as flexibility exercises 

(Kromer, De Bie, & Bastiaenen, 2013). These exercises were based on a previous study 

investigating exercises for shoulder rehabilitation (Kromer, De Bie, & Bastiaenen, 2010) where 

the standardized exercise program presented similar improvements in pain and function in 

patients with subacromial shoulder pain when compared with manual therapy and exercise 

(Kromer et al., 2013).  

 

Standardized exercise comprised strengthening, isometric and stretching exercises in two 

categories: ‘core program’ and ‘additional exercise program’. The standardized exercises 

started with a ‘core program’ during the initial three to four sessions. Those exercises could be 

replaced by ‘additional exercises’ when participants were able to perform all three stages of a 
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‘core program’ successfully. Participants in this group had isometric and stretching exercises. 

Isometric exercises were started with two repetitions, sustained for 10 seconds, and progressed 

to three repetitions sustained for 10 seconds. Stretching exercises started with two repetitions, 

sustained for 10 seconds, and progressed to two repetitions with 20 seconds’ hold. Stretching 

exercises includes one for the cervical spine, one for the thoracic spine and one for the shoulder 

were included in this group in replace of the manual therapy employed for the tailored training 

group. The description of exercises in this group is provided in Appendix D13.   

 

6.3.8 Outcome measures 

6.3.8.1 Primary outcomes 

The primary outcome measures were:  

1) The recruitment rate reported through the number of eligible participants recruited per 

month;  

2) The proportion of eligible participants to screened participants;  

3) The adherence rate assessed through participants’ adherence to physiotherapy intervention 

and home-based exercises. Adherence to physiotherapy interventions was assessed as: 3.a) the 

proportion of the attended sessions by participants to the total number of physiotherapy 

sessions; and 3.b) the adherence to home-based exercises defined as the number of exercises 

performed and recorded in the logbook divided by the total number of exercises that 

participants were supposed to perform across 8 weeks;  

4) Drop-out rate was assessed as the number of participants who withdrew from the study and 

expressed as a percentage of the total number of participants enrolled in the study. We also 

recorded the reasons for withdrawal.  

 

6.3.8.2 Secondary outcome measures 

The NPRS was used to record patients’ pain at (1) rest, (2) during movement, and (3) pain 

within the last week (Breivik et al., 2008). The PSFS was used for recording patient functional 
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disability (Abbott & Schmitt, 2014a). The description of these outcome measures was 

described in Chapter 5 (Sections 5.3.5.2 and 5.3.5.3).  

 

The Shoulder Pain and Disability Index (SPADI) was used for measuring shoulder-related pain 

and disability. This is a self-reported questionnaire for measuring pain and function in shoulder 

pathology. It consists of 13 items covering pain (5 questions) and function (8 questions). Each 

question scores between 0 and 10 where zero indicates no pain or functional limitations, while 

10 indicates the worst imaginable pain or functional limitations. The scores of two domains 

were summed and converted to a scale of 0 to 100, with the higher score indicating greater pain 

and functional limitations. The SPADI questionnaire is a valid and reliable instrument for 

evaluating shoulder pain and physical functioning for different shoulder conditions (Roy, 

MacDermid, et al., 2009). The SPADI pain domain is highly responsive instrument for showing 

small changes in pain (Angst et al., 2008).    

 

Scapular dyskinesis was assessed using the Scapular Dyskinesis Test. The description of the 

test and its scoring system was described in Chapter 5 (Section 5.3.5.4). 

 

6.3.8.3 Adverse reactions 

Participants were asked to record any adverse reactions experienced during home-based 

exercises that had occurred since the previous physiotherapy intervention session in their log 

booklets. Adverse reactions which occurred during or as a result of face-to-face interventions, 

were recorded by clinicians.  

 

6.3.9 Statistical analyses 

All statistical analyses were conducted using SPSS (version 25.0; IBM Corporation, Armonk, 

NY). Descriptive statistics were used to calculate: (1) recruitment rates, (2) adherence to the 

rehabilitation program, (3) proportion of participants enrolled from the total number screened, 

(4) drop-out, and (5) adverse reactions. 
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The a priori criteria used for interpretation findings regarding the proportion of participants 

who enrolled to the total of participants who screened was 20% and adherence rate of ≥ 80% 

was used for assessing whether to proceed with a full RCT. 

 

For secondary outcome measures, descriptive analyses were used for summarizing baseline 

characteristics of participants. We reported mean and SD for continuous data, and percentage 

for categorical data. Skewness and kurtosis tests were performed for assessing the normal 

distribution of data at different time points. Continuous normally distributed data were 

described as mean and 95% CI at each time points. Continuous non-normally distributed data, 

and ordinal data were described as median and range in each time point. 

 

For continuous data, with normal distribution, paired t-tests were used for within-group 

difference and independent t-tests were used for analyzing between-group differences at each 

time points. For continuous data, with non-normal distribution, and ordinal data, Wilcoxon 

signed ranks test was used for calculating within group and Mann-Whitney U test for between 

group differences (Portney & Watkins, 2015). For all outcome measures, positive differences 

indicate the score of a particular outcome measure increased at follow-up compared to baseline. 

Positive differences scores indicate improvement in function (as measured with PSFS) and 

worsening in pain (as measured with NPRS) function (as measured with SPADI) and scapular 

movement (as measured with the scapular dyskinesis test). For all comparisons, alpha was set 

at 0.05. For missing data, multiple imputation was used for replacing missing data from 

participants who were allocated to an intervention but withdrew from the study after that 

(Armijo-Olivo, Warren, & Magee, 2009). In order to consider the intention to treat to analyze 

the results of feasibility RCT, the data were omitted from statistical analysis for participants 

who dropped off immediately after randomization and before initiation of the intervention 

(Armijo-Olivo et al., 2009).  

 

The sample size for a full RCT study was calculated using alpha set at 0.05, power at 80% and 

the between-group mean difference in pain scores (NPRS within the last week) collected at 

week 8 (Zhong, 2009). Change in ‘pain within the last week’ was selected as it is more 
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representative of overall pain compared with other forms of pain outcomes (i.e., pain in rest or 

during movement) (Paul et al., 2004). When estimating the sample size, we considered a 

possible drop-out of 20%, hence the total sample size required for conducting a two-arm full 

trial was calculated by dividing the desired sample size by 0.80 (Streiner, 2002). 

 

6.4 Results   

6.4.1 Follow-up time points 

All data were collected at the following time points: baseline, 4 and 8 weeks after baseline.  

 

6.4.2 Primary outcomes  

6.4.2.1 Participants’ recruitment  

Flow of participants within the trial is presented in Figure 6-1. The recruitment rate was 3 

participants per month and the proportion of eligible participants was 23%. 
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Figure 6-1 Flow diagram for recruitment and randomization 

 

The trial opened for recruitment on 19 January 2018 and closed on 23 October 2018 (9 months). 

A total 120 participants were screened and out of this, 28 participants volunteered to participate 

in the study and were randomized to the tailored training program (n= 13), and the standardized 

exercise program (n= 15). Seventy-seven percent of participants were excluded following the 

first and second screening process. A summary of the reasons for exclusion of participants are 

presented in Table 6-1 (for first screening) and Table 6-2 (for second screening). 
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Table 6-1 Reasons of ineligibility followed by first screening. 
Number of participants = 61 Reasons for ineligibility 
3 Lack of shoulder pain during arm raising 
4 Numbness 
8 Frozen shoulder 
4 Rheumatoid arthritis diseases 
3 Age 
1 Shoulder pain following stroke 
1 Not waiting until the study began 
20 unable to commit to participation 
17 Did not contact after receiving the information sheet or first screening 

 

 

Table 6-2 Reasons of ineligibility followed by second screening. 
Number of participants = 31 Reasons for ineligibility 
10 Negative inclusion criteria 
5 Neck involvement 
1 History of subluxation 
2 Frozen shoulder 
4 AC joint involvement 
1 Inflammatory diseases 
1 Shoulder pain decreased before entering the study 
7 Unable to commit to participation  

 

 

6.4.2.2 Participants’ adherence to intervention and drop-out 

The adherence rate for completing the study was 86.6% for all participants including 100% for 

the tailored training program and 75% for the standardized exercise program. The adherence 

rate to home-based exercises was 93.1% for all participants; 92.7% for participants allocated 

to the tailored training program, and 93.5% for participants allocated to the standardized 

exercise program. Reasons for not performing home-based exercises in the tailored training 

group included: injured skin due to taping (N=1), health issues (shoulder pain, hand injury due 

to fall, headache, or chest pain) (N=5), being busy (N=1) or omitting exercise as getting close 

to the end of intervention (N=3). The reasons for not performing home-based exercises in 

standardized exercise group included: muscle soreness (N=3), being on holiday (N=1), tearing 

off elastic band (N=1), forgetting to do home-based exercises (N=2), or omitting exercises as 

getting close to the end of intervention (N= 4).  

 

A total of 4 participants dropped-out (representing 14% of total participants enrolled in the 

study). Of the four participants who dropped out, three participants withdrew before receiving 
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physiotherapy interventions. Of these three participants, two participants reported that they 

were too busy to commit to the study and one participant withdrew as the waiting time to start 

receiving interventions was considered too long. One out of four participants dropped out of 

study after 4 sessions of intervention due to moving to another city. 

 

6.4.3 Baseline data   

The baseline characteristic of participants is provided in Table 6-3. The test of normality 

showed non-normal distribution of data for shoulder pain duration, pain at rest and pain during 

movement, and SPADI Total score. Hence, these data are reported as median and range at 

baseline and follow-ups. Scapular dyskinesis test was assessed at 27/28 participants at baseline. 

One participant who dropped-out after randomization and prior to receiving interventions did 

not complete the scapular dyskinesis assessment.  
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Table 6-3 Baseline characteristics of 28 participants. Data reported as mean (standard deviation), median 
(range), count and percentage. 

Variables All 
(N=28) 

Standardized exercise 
program (N=15) 

Tailored training 
program  
(N=13) 

Age (years) 43.89 (9.5) 44.1 (11.5) 43.7 (7.1) 
Women 13 (44.4%) 5 (41.6%) 4 (40%) 
Weight (kg) 82.4 (13.2) 79.1(13.6) 85.9 (12.1) 
Height (cm)  174.0(10.7) 174.1 (12.8) 173.9 (8.0) 
BMI (kg/m2) 27.1 (4.2) 25.8 (3.3) 28.5 (4.6) 
Hand dominant, right 
side  

23 (82%) 12 (80%) 11 (84%) 

Affected side, dominant 
shoulder  

17 (60.7%) 10 (66.6%) 7 (53.8%) 

Shoulder pain duration 
(M), median (min to max) 

24.0 (0.5 to 384.0) 24.0 (1.5 to 120.0) 24.0 (0.5 to 384.0) 

Previous history of 
shoulder pain 

5 (21.0%) 2 (16%) 3 (30%) 

Previous treatment of 
shoulder   

9 (32%) 5 (33%) 4 (31%) 

Positive painful arc test 86% 73% 100% 
Positive Jobe’s test 78% 86% 69% 
Positive painful resisted 
arm external rotation or 
abduction 

46% 46% 46% 

NPRS at rest, median 
(min to max) 

2.0 (0.0 to 7.0) 1.0 (0.0 to 5.0) 3.0 (0.0 to 7.0) 

NPRS during movement, 
median (min to max) 

5.0 (1.0 to 10.0) 5.0 (1.0 to 9.0) 5.0 (2.0 to 10.0) 

NPRS within the last 
week 

4.2 (2.0) 3.8 (2.1) 4.4 (1.9) 

PSFS 45.7 (18.6) 50.0 (17.5) 40.8 (19.1) 
SPADI Total, median 
(min to max) 

33.1 (8.5 to 73.1) 33.1 (8.5 to 64.6) 35.4 (17.7 to 73.1) 

SPADI Pain 51.2 (15.6) 49.5 (16.4) 53.2 (15.0) 
SPADI Function 25.7 (17.1) 24.0 (13.8) 27.7 (20.7) 
Scapular dyskinesis 
score, median (min-max) 

2.0 (0.0 – 5.0) 2.0 (0.0 -5.0) 2.0 (1.0-.5.0) 

Obvious scapular 
dyskinesis 

10 4 6 

Subtle scapular 
dyskinesis 

15 8 7 

Normal scapular 
movement 

2 2 0 

Abbreviation: M: month, N: number, PSFS: Patient Specific Functional Scale (0-100), SPADI: Shoulder Pain 
and Disability Index (0-100).  

 

 

6.4.4 Numbers analyzed  

Out of 28 participants, 4 participants withdrew: three after baseline assessment and one before 

the first follow-up. Hence, the data for 3 participants who declined to initiate physiotherapy 

were excluded from statistical analysis and data analysis was conducted for 25 participants 
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including, 13 participants in the tailored group and 12 participants in the standardized exercise 

group (Figure 6-1).  

 

6.4.5 Secondary outcome measures 

Descriptive statistics for secondary outcome measures are reported at baseline, 4 and 8-week 

follow-up in each group in Table 6-4. Differences in outcome measures (mean with 95% CI 

for continuous data and median with min to max for ordinal data) are reported for within-group 

and between–group comparisons in Table 6-5 and Table 6-6. 
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Table 6-4 Feasibility trial: mean (standardized deviation), and median (range) on secondary outcome measures over time in 25 participants. 
 
Outcome measures 

 
Standardized exercise Group (N=12) 

 

 
Tailored Training Group (N=13) 

 
Baseline 4 weeks 8 weeks Baseline 4 weeks 8 weeks 

NPRS at rest, median 
(min to max) 

1.0 (0.0 to 4.0) 1.0 (0.0 to 3.0) 
 

0. 0 (0.0 to 1.0) 
 

3.0 (0.0 to 7.0) 1.0 (0.0 to 3.0) 0.0 (0.0 to 1.0) 

NPRS during 
movement, median 
(min to max) 

5.0 (4.0 to 8.0) 2.0 (0.0 to 3.0) 
 

1.0 (0.0 to 1.0) 
 

5.0 (2.0 to 10.0) 3.0 (0.0 to 6.0) 1.0 (0.0 to 7.0) 

NPRS within the last 
week 

3.4 (1.4) 
 

2.0 (0.7) 
 

1.2 (0.8) 
 

4.4 (1.9) 1.9 (1.3) 1.1 (0.7) 

PSFS 51.7 (17.0) 
 

68.8 (16.9) 
 

77.1 (11.2) 
 

40.8 (19.1) 67.8 (18.4) 77.4 (21.8) 

SPADI Total, median 
(min to max) 

31.5 (20.0 to 49.2)  18.1(7.0 to 35.2) 
 

9.6 (0.0 to 22.3) 
 

35.4 (17.7 to 73.1) 20.8 (7.7 to 51.5) 8.5 (0.0 to 30.8) 

SPADI Pain 49.0 (12.4) 
 

28.1 (9.9) 
 

18.9 (13.1) 
 

53.2 (15.0) 33.9 (13.6) 18.6 (12.8) 

SPADI Function 21.3 (8.0) 
 

11.3 (8.3) 
 

5.7 (4.8) 
 

27.7 (20.7) 18.0 (15.5) 6.0 (9.3) 

Scapular dyskinesis 
score, median (min to 
max) 

2.0 (0.0 to 5.0) 
 

1.5 (0.0 to 5.0) 
 

1.0 (0.0 to 4.0) 
 

2.0 (1.0 to 5.0) 2.0 (0.0 to 4.0) 1.0 (0.0 to 4.0) 

Abbreviation: N = number, NPRS = Numeric Pain Rating Scale; lower scores indicate less pain, PSFS= Patient Specific Functional Scale; higher score indicates greater 
function, SPADI = Shoulder Pain and Disability score; Lower score indicates less pain and disability. 
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Table 6-5 Within-group change in scores described as mean difference (95% CI) and median (range) between baseline and 4 weeks and baseline and 8 weeks.   
 Groups 4 weeks 

 
P-value 8 weeks 

 
P-value 

NPRS at rest, median 
difference (min to max) 
 

SEG 
 

0.0 (-3.0 to 2.0) 0.203 -1.0 (-3.0 to 1.0) 0.032* 

TTG 
 

0.0 (-6.0 to 1.0) 0.048* -2.0 (-7.0 to 0.0) 0.007* 

NPRS during movement, 
median difference  
(min to max) 

SEG 
 

-3.0 (-8.0 to -1.0) 0.002* -4.0 (-8.0 to -3.0) 0.002* 

TTG 
 

-4.0 (-8.0 to 2.0) 0.005* -3.0 (-8.0 to -1.0) 0.001* 

NPRS within the last week 
 

SEG 
 

-1.4 (-2.4 to -0.5) 0.008* -2.2 (-3.1 to -1.3) 0.001* 

TTG 
 

-2.5 (-3.8 to -1.1) 0.002* -3.3 (-4.2 to -2.4) 0.001* 

PSFS 
 

SEG 
 

17.1 (3.1 to 31.1) 0.021* 25.5 (12.9 to 38.0) 0.001* 

TTG 
 

27.0 (13.8 to 40.2) 0.001* 36.7 (21.2 to 52.1) 0.001* 

SPADI Total, median 
difference (min to max)  
 

SEG 
 

-15.8 (-26.9 to 2.0) 0.004* -22.7 (-36.1 to -10.8) 0.002* 

TTG 
 

-14.6 (-29.2 to 1.5) 0.003* -23.1 (-48.0 to -7.7) 0.001* 

SPADI Pain 
 

SEG 
 

-20.8 (-30.8 to -10.8) 0.001* -30.1 (-42.8 to -17.4) 0.001* 

TTG 
 

-19.3 (-27.7 to -10.9) 0.000* -34.6 (-43.9 to -25.3) 0.001* 

SPADI Function 
 

SEG 
 

-10.0 (-15.8 to -4.3) 0.003* -15.6 (-19.3 to -12.0) 0.001* 

TTG 
 

-9.6 (-18.0 to -1.3) 0.027* -21.7 (-32.8 to -1.07) 0.001* 

Scapular dyskinesis test  
Median difference  
(min to max) 

SEG 
 

0.0 (-2.0 to 2.0) 0.608 -1.0 (-3.0 to 1.0) 0.058 

TTG 
 

0.0 (-2.0 to 1.0) 0.096 -1.0 (-3.0 to 1.0) 0.008* 

Abbreviation: SEG = Standardized Exercise Group, TTG = Tailored Training Group. Negative values for NPRS, SPADI and scapular dyskinesis test mean improvement, 
Positive value for PSFS means improvement.  
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Table 6-6 Between-group difference described as mean difference (95% CI), and median (range) at week 4 and 
8. 

Outcomes 
 

Time points Between-group difference P-value 

NPRS at rest,  
median (min to max) 
 

4 weeks vs. baseline 
 
8 weeks vs. baseline  
 

0.0 (-3.0 to -1.0) 
 

-1.0 (-4.0 to -1.0) 
 

0.634 
 
0.220 

NPRS during movement, 
median (min to max) 

4 weeks vs. baseline 
 
8 weeks vs. baseline  

-1.0 (0.0 to 3.0) 
 

1.0 (0.0 to 2.0) 
 

0.645 
 
0.428 

NPRS within the last week  
 

4 weeks vs. baseline 
 
8 weeks vs. baseline  

1.0 (-0.5 to 2.6) 
 

1.0 (-0.2 to 2.3) 
 

0.191 
 
0.089 

PSFS 
 

4 weeks vs. baseline 
 
8 weeks vs. baseline  

-9.9 (-28.1 to 8.2) 
 

-11.2 (-30.2 to 7.8) 
 

0.270 
 
0.237 

SPADI Total, 
median (min to max) 

4 weeks vs. baseline 
 
8 weeks vs. baseline  

-1.1 (-0.5 to 2.3) 
 

0.4 (-3.8 to 12.3) 
 

0.828 
 
0.549 

SPADI Pain 
 
 

4 weeks vs. baseline 
 
8 weeks vs. baseline  

-1.6 (-13.8 to 10.7) 
 

4.5 (-10.2 to 19.2) 
 

0.794 
 
0.532 

SPADI Function 
 

4 weeks vs. baseline 
 
8 weeks vs. baseline  

-0.4 (-10.2 to 9.3) 
 

6.1 (-5.3 to 17.5) 

0.931 
 
0.281 
 

Scapular dyskinesis score, 
median difference (min to max) 
 

4 weeks vs. baseline 
 
8 weeks vs. baseline  

0.0 (-1 to 0) 
 

0.0 (0 to 0) 
 

0.728 
 
0.437 

Abbreviation: NPRS = Numeric Pain Rating Scale, PSFS = Patient Specific Functional Scale, SPADI = 
Shoulder Pain and Disability Index, Negative value in PSFS means more improvement in favor of tailored 
training group in comparison with standardized exercise group. Positive value for NPRS, SPADI and scapular 
dyskinesis score means improvement in favor of the tailored group to the standardized exercise group. 
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6.4.6 Adverse reactions to the intervention 

Adverse reactions were reported during physiotherapy interventions and home-based exercises 

in those participants who completed the intervention (N=24). A summary of adverse reactions 

is presented in Table 6-7. The main adverse reactions were delayed onset of muscle soreness 

(DOMS) or muscle fatigue. These occurred after the clinicians progressed the exercises by 

increasing the load or exercise repetitions. Physiotherapy interventions were not discontinued 

because of muscle soreness or fatigue; however, these adverse reactions caused three 

participants in standardized exercise group, and one participant in the tailored training group 

to omit home-based exercises for one or two consecutive days.  

 

Other adverse reactions were associated with taping in the tailored training group. One 

participants’ skin was injured when removing tape. That participant skipped doing home-based 

exercises for one day and was referred to their GP for 4 sessions of dressing of the area. Another 

participant reported increased shoulder pain followed by taping. 

 
 
Table 6-7 Reasons and the number of adverse reactions during the intervention. 

Adverse reactions Standardized exercise group  
N =11 

Tailored training group 
N=13 

Soreness and pain during and 
followed by exercise 

8  11  

Fatigue 1 3  
Deferring exercise because of 
the soreness and pain,  

3  1 

Taping caused skin injury - 1  
Taping increased shoulder pain - 1 

N= number. 
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6.5 Discussion  

The findings of this study demonstrated that conducting the full trial is feasible. The 

recruitment rate was 23%. Overall, the adherence to the intervention was 86.6%. The adherence 

to home-based exercises was 93.1% for both groups combined. Both interventions and home-

based exercises were acceptable, with minor adverse effects reported by participants (main 

ones included soreness and fatigue). Overall, both groups demonstrated significant changes in 

pain and function outcome measures at weeks 4 and 8; however, no between group differences 

were observed in outcome measures. 

 

6.5.1 Primary outcome measures 

6.5.1.1 Participants’ recruitment 

The recruitment rate was 3 participants per month with the proportion of 23% eligible 

participants to those participants who were screened. This proportion rate was equivalent to the 

a priori criteria threshold (set at 20%). Thus, the recruitment strategy using University email 

distribution lists and advertising in local community newspaper was successful. This 

recruitment rate was lower than a previous study with the recruitment rate of 4 participants 

with subacromial shoulder pain per month over an 18 month period (Kromer et al., 2013) and 

was a bit higher in comparison with another study that reported the rate of 2 participants with 

subacromial shoulder pain per month over a 6 month period (Bateman & Adams, 2014). 

Finding an efficient recruitment method can be a major challenge for a successful clinical trial. 

Delays in the recruitment rate add more cost and workload to the researchers (Hunninghake, 

Darby, & Probstfield, 1987). According to the literature, more than two third of trials do not 

achieve their original recruitment target (McDonald et al., 2006). A previous study suggested 

that social media (a Facebook page) can be the most successful method for recruiting 

participants, in comparison with posting flyers in public places (such as a hospital) (Liu, 

Skinner, McDonough, & Baxter, 2017). Therefore, when planning the full trial, it is suggested 

that the research team also consider other successful recruiting methods using social media.  
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6.5.1.2 Participants’ adherence 

The adherence to the intervention was 86.6% and was higher than the a priori adherence 

threshold (set at 80%). The adherence rate was similar to a previous study (91%) that also 

recruited participants with subacromial shoulder pain (Blume, Wang-Price, Trudelle-Jackson, 

& Ortiz, 2015). In our study, each treatment session lasted between 40 to 60 minutes. Findings 

of a previous study showed that longer treatment sessions are an incentive factor for enhancing 

adherence to treatment (Jinks, Moore, Holden, & Foster, 2015). The session duration in our 

study was longer than previous studies, which adopted a session duration of up to 30 minutes 

(Beaudreuil et al., 2011; Kromer et al., 2010; Struyf et al., 2013), and current practice in New 

Zealand. One of the aims of our feasibility trial was to explore whether the duration of sessions 

would impact on participants’ adherence in the study. Given the limited evidence for 

physiotherapy exercise on the management of subacromial shoulder pain (Page, Green, 

McBain, et al., 2016), it is reasonable to explore whether intervention programs with longer 

than usual session duration have any impact on clinical outcomes. The long duration of sessions 

allowed patients to perform all exercises under supervision. This may increase participants’ 

motivation, which was shown to increase the rate of adherence (Sandford, Sanders, & Lewis, 

2017). 

 

Our study was performed in one center, where four clinicians at the clinic of the School of 

Physiotherapy had the capacity to treat five to six participants at any given time. This impacted 

on the drop-out rate as one participant declined to be randomized due to a longer than expected 

waiting list, and another participant dropped out because of moving to another city. The 

findings of a previous survey showed that time constraints and the lack of human resources are 

two barriers for recruiting and adherence to the intervention (Jinks et al., 2015; Spaar, Frey, 

Turk, Karrer, & Puhan, 2009). Using multiple research centers, covering a wider geographic 

area may increase the recruitment and adherence to intervention and minimize those barriers. 

This is particularly important given the relatively small size of Dunedin (New Zealand). 

However, there are challenges with delivering interventions through multiple centers. It may 

be difficult to maintain engagement throughout the trial with staff from all centers and that may 

impact on the recruitment rate or adherence rate (Pincus et al., 2015; Ribeiro, Sole, Abbott, & 
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Milosavljevic, 2014). Additionally, using multiple centers may reduce uniformity to the 

intervention planned.  

 

The adherence rate to home-based exercise was 93.1%. This rate was higher than the defined 

adherence rate to home exercise with a cut off value of 70% in a previous study (Geraedts, 

Zijlstra, Zhang, Bulstra, & Stevens, 2014) and was rather similar to another feasibility study 

that showed 86% adherence to home-based exercises in patients with shoulder pain (Bateman 

& Adams, 2014). The high adherence rate may also be due to prescribing only two home 

exercises. The rate of adherence to exercise was lower in participants when the home program 

needs more time for execution and is difficult to perform (Escolar-Reina et al., 2010). Similar 

to our study, two previous studies also used the same strategy for keeping high adherence to 

home-based exercises (90% adherence to home-based exercises) (Bateman & Adams, 2014; 

Littlewood et al., 2014). Limiting the number of tasks, and the time required for home exercise 

seems to help with a high adherence rate to home exercise. For this study, we did not use a 

valid and reliable tool to measure adherence to prescribed exercises. This is a limitation, as our 

estimates of adherence may be biased due to inaccurate recall or self-presentation bias (Bollen, 

Dean, Siegert, Howe, & Goodwin, 2014; Newman-Beinart et al., 2016). The exercise 

adherence rating scale (EARS) has been designed to measure adherence to prescribed exercise 

and the future trial could consider including this as part of its outcome measurements 

(Newman-Beinart et al., 2016). Future studies may be able to use apps that can monitor arm 

movements to record daily completion of exercises thus adherence.   

 

6.5.2 Secondary outcome measures 

6.5.2.1 Changes in pain scores  

Overall, both groups showed significant improvement at week 4 and 8 in ’pain at rest’, ‘during 

movement’ and ‘within the last week’. There were no between-group differences. Changes of 

2 points on the NPRS is needed to achieve the MCID (Hao et al., 2019; Ostelo et al., 2008), 

and 2 to 3 points to achieve medium important difference and a change of > 3.5 is to achieve a 

large difference (Abbott & Schmitt, 2014a; Dworkin et al., 2008). Participants in the tailored 

training group presented a minimal clinical important difference for ‘pain at rest’, medium 

important difference for ‘pain during movement’ and ‘pain within the last week’ at week 8. 
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Participants in the standardized exercise program reported no clinically important change for 

‘pain at rest’, large important difference for ‘pain during movement’ and medium important 

difference for ‘pain within the last week’. Despite clinical differences observed for ‘pain at 

rest’ and ‘during movement’ between two groups, there were no significant differences 

between two groups. 

  

Few randomized controlled trials compared the efficacy of two different exercise programs. 

Those studies were different in terms of interventions, outcome measures and findings. Kromer 

et al. (2013) (sample size = 90) demonstrated no significant change in pain (average pain) 

between standardized exercise and manual therapy in comparison with standardized exercise. 

Struyf et al. (2013) (sample size = 22) showed scapular motor control training and scapular 

mobilization had better outcomes for ‘pain during movement’ and function scores compared 

to rotator cuff strengthening training. Başkurt et al. (2011) (sample size = 40) compared 

scapular retraining exercises with rotator cuff training and reported no change in ‘pain at rest’ 

and ‘during movement’ between two groups. These findings suggest that the role of scapular 

focused training is unclear in improving pain and function. In addition, not many studies 

assessed the additional benefit of manual therapy and scapular focused training to other 

strengthening training. Our feasibility study is one step towards contributing to current 

knowledge in the field.  

 

6.5.2.2 Changes in function scores  

Overall, both groups presented significant improvements at week 4 and 8 with PSFS and 

SPADI Total. Participants in the tailored training group experienced large clinical changes (i.e., 

equal or greater than 27 points) in their PSFS scores and participants in the standardized 

exercise group experienced medium improvement in PSFS scores at 8 weeks (i.e., equal or 

greater than 23 points) (Abbott & Schmitt, 2014a).  For SPADI Total score participants in both 

groups reported small improvement (i.e., equal or greater than 20 points) in SPADI Total score 

after completion of intervention (Thoomes-de Graaf et al., 2017).  
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The PSFS and SPADI total scores suggested slightly different outcomes for within and 

between-group comparisons. Between-group differences reported suggested that participants 

in the tailored group improved 10-points on the PSFS score when compared with the 

standardized exercise group. This might be associated with the clinimetrics of those 

instruments. While SPADI is a fixed item instrument, the PSFS allows participants to detect 

activities that represent their individual functional restrictions (Abbott & Schmitt, 2014b). In 

our study, participants indicated that they had difficulties with heavy activities (e.g., shoulder 

press, swimming, golf, surfing, throwing a Frisbee, driving, working with a laptop). In contrast, 

SPADI focuses on lighter activities (e.g., washing your hair and getting dressed). Considering 

that SPADI is more specific for assessing functional limitations during daily activities (Paul et 

al., 2004), it may have underestimated the functional restrictions that participants recruited into 

the feasibility trial faced.  

 

Regression to the mean may also help to explain the differences in outcomes when analyzing 

results from SPADI and PSFS (Morton & Torgerson, 2003). The baseline median for the 

SPADI Total was 33.1 (range of 8.5 to 73.1) and was lower than previous studies (ranging from 

46.0 to 49.0) (Crawshaw et al., 2010; Thoomes-de Graaf et al., 2017). The baseline score of 

SPADI also was recorded to be low in athletics with subacromial shoulder pain in a previous 

study (mean SPADI= 29.86 ± 17.3) (De Mey, Danneels, Cagnie, & Cools, 2012). A low mean 

score may make it difficult to detect the effects of an intervention in favor of one group. 

Findings of previous studies demonstrated small changes in scores at follow ups when the 

baseline scores in function scores is small (Reilingh et al., 2008; Worsley et al., 2013). 

Improvement from lower baseline scores is considered more important than improvements 

from higher baseline scores (Dworkin et al., 2008). However, given their magnitude, these may 

not be large enough to result in significant differences between groups.  

 

6.5.2.3 Changes in scapular dyskinesis test  

Participants in the tailored training group presented improvement in scapular dyskinesis (P-

value= 0.008) at 8 weeks of follow-up but not in standardized exercise program (P-

value=0.058). No significant difference was observed between the two groups (P-value=0.437) 

at week 8. This may suggest that the rehabilitation program based on motor control and manual 
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therapy targeting the specific impairment in scapula was effective to optimize scapular 

rotations. However, the lack of differences between two groups could be related to the 

variability of results in each group and the small sample size. Findings of some previous studies 

demonstrated that scapular-focused training significantly changes scapular rotations (mostly 

toward optimizing scapular rotations) compared with rotator cuff strengthening training 

(Başkurt et al., 2011; Turgut et al., 2017). On the other hand, the findings of another study 

showed no differences in scapular movement pattern after scapular motor control retraining in 

comparison with rotator cuff training (Struyf et al., 2013). Further large-scale studies will 

clarify if the type of treatment reduces scapular dyskinesis and if the minimizing scapular 

dyskinesis has any beneficial effect on change in pain or function. 

  

6.5.2.4 Sample size estimation 

Sample size was estimated based on between-group mean difference and SD at 8 weeks from 

baseline on changes in ‘NPRS within the last week’. The between-group difference in ‘NPRS 

within week’ was 1.0 ± 1.5 scores favoring the tailored intervention group. Considering 80% 

of statistical power and significant test set less than 0.05, and considering the expected mean 

(and SD) difference in NPRS within the last week, a total of 70 participants would be required 

for a full RCT study (Zhong, 2009). In order to allow 20% of drop-out, a total of 88 participants 

(44 per group) are required. Based on the recruitment rate of 3 participants per month, 

recruiting time for 88 participants is estimated to be approximately 2.5 years, considering 

recruitment occurring in one center only. An alternative method would be recruiting 

participants from wider geographical areas and using multiple centers. These strategies would 

decrease the period of recruitment.  

 

6.5.3  Adverse events during the intervention  

Delayed onset muscle soreness (DOMS) was the most common adverse event in our study. 

DOMS reduces the joint flexibility and muscle strength which delays the progress of 

intervention (Lewis, Ruby, & Bush-Joseph, 2012). Soreness after training is considered to be 

a mild adverse event (Carlesso, MacDermid, & Santaguida, 2010) and effective prevention of 

muscle soreness is difficult as it is a physiological response to unaccustomed activities (Lewis 

et al., 2012). To the best of our knowledge, the number of RCT trials that have reported adverse 
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events is limited (Carlesso, Gross, et al., 2010); previous RCTs tended not to report adverse 

events (Page et al., 2015). The physiotherapists’ records indicated that DOMS most likely 

occurred when the intensity of exercise increased, therefore the progression of exercise needs 

to be considered and employed more carefully by clinicians in the full trial (Lewis et al., 2012).   

 

Stripping the skin following taping was another adverse event that was reported in one 

participant. To our knowledge no other trials exploring shoulder pain reported an adverse event 

following taping. In one study, the authors indicated that skin stripping may be caused by 

applying tension at the beginning and end of the tape (Kim & Lee, 2015). Those authors 

recommended that clinicians avoid tension at both ends of tape when applying it to the patients, 

particularly if patients report skin sensitivity (Kim & Lee, 2015). In the case of itching or 

burning sensations, participants need to be advised to remove the tape immediately.  

 

It is worth mentioning that there is limited evidence supporting the effectiveness of taping for 

reducing pain (Bassett, Lingman, & Ellis, 2010; Morris, Jones, Ryan, & Ryan, 2013). It is 

recommended future high-quality trials to demonstrate the clinical effectiveness of taping on 

musculoskeletal pain disorders (Bassett et al., 2010; Morris et al., 2013). Findings from two 

previous studies suggested a greater pain-free shoulder range of motion in favor of taping 

compared with sham or sustained glides (Teys et al., 2013; Thelen, Dauber, & Stoneman, 

2008). The inclusion of taping in our tailored group was based on findings from Teys et al. 

(2013) that showed taping may prolong the effect of sustained glides on pain-free range of 

motion. We decided to use taping as an adjunct to manual therapy and motor control exercises 

based on the supposition that such use may prolong the effect of manual therapy and exercises.     

 

6.5.4 Limitations  

The tailored program required highly experienced or trained physiotherapists, and that may 

limit implementation of this intervention by other practitioners. The scapular dyskinesis test 

was performed by PhD candidate. Although, she was blinded to group allocation, there is the 

risk of observer bias as a result of a personal expectation in observing improvement in scapular 

dyskinesis. One previous study showed there are significant differences in the rating of scapular 
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dyskinesis between blinded and un-blinded examiners. Scapular dyskinesis assessed by un-

blinded examiners was reported to be higher in patients with subacromial shoulder pain than 

in blinded examiners (Plummer et al., 2017). In order to minimize this type of bias, it is 

suggested to have an independent assessor performing this test.  

 

Another limitation was related to the error associated with the scapular dyskinesis test score in 

participants with shoulder pain. This test was reported to have high validity if there is obvious 

scapular dyskinesis (Tate et al., 2009). Higher inter-rater reliability was shown when 

categorizing scapular dyskinesis is between normal and obvious (Kappa = 0.90) compared with 

categorizing the scapula based on normal, subtle and obvious patterns (kappa = 0.70) (Møller 

et al., 2018). Only nine participants out of 25 in this study were found to have obvious scapular 

dyskinesis in one or two patterns. It was difficult to differentiate between subtle scapular 

dyskinesis and normal scapular rotation. Future RCTs exploring scapular rotations may need 

to consider other instruments (i.e., the scapulometer) that are more sensitive in defining small 

differences for such rotations (Du et al., 2017; Huang et al., 2020). 

 

6.6 Conclusions 

This study demonstrated that it is feasible to carry out a full RCT study comparing the efficacy 

of a tailored training program to a standardized exercise program in participants with 

subacromial shoulder pain. This was a feasibility study, and no conclusion can be made in 

terms of the efficacy of the interventions. Based on the recruitment rate per month, and 

preliminary findings, the future full trial should recruit 87 participants over 2.5 years (unless a 

multi-center trial is designed to optimize recruitment).  
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7  General discussion 
 

7.1 Background 

In this chapter, the findings of studies reported in previous chapters are summarized. The 

contribution of these findings to the existing literature and the clinical implications of these 

findings are discussed. In each subsection, we acknowledge the limitations related to the studies 

conducted, and present future research directions to address those limitations. Finally, we 

present conclusions based on the key findings. 

   

7.2 Summary of findings 

This thesis represents a series of interconnected studies relating to subacromial shoulder pain. 

Chapter 1 summarized the literature on the etiology of subacromial shoulder pain, the recovery 

rate, and the efficacy of different physiotherapy interventions for improving subacromial 

shoulder pain. This chapter highlighted the gap in literature on the clinical course of pain and 

function in subacromial shoulder pain, as well as the associated role of scapular dyskinesis. 

Chapter 2 is a literature review assessing: (1) scapular rotations in asymptomatic and 

symptomatic individuals with subacromial shoulder pain; (2) clinical and laboratory-based 

methods for assessing scapular rotations; (3) the association between abnormal scapular 

rotations and subacromial shoulder pain; and (4) the efficacy of different forms of exercise 

therapy for improving subacromial shoulder pain. Chapter 3 is a systematic review and meta-

analyses summarizing the clinical course of pain and function in subacromial shoulder pain. 

Chapter 4 assessed the intra-rater between-day reliability of the use of a scapular locator for 

measuring scapular rotations. The findings of this chapter were used to interpret findings from 

the study reported in Chapter 5. Chapter 5 assessed the association between changes in pain or 

function scores with changes in scapular rotations. Chapter 6 presented a feasibility RCT for 

conducting a full RCT to compare the effect of a tailored rehabilitation program with a 

standardized exercise program on improving pain, function, and scapular dyskinesis. The 

following are the key research questions covered by this thesis and the respective main findings 

from studies reported in this thesis.  
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1. What is the course of pain and function for patients with subacromial shoulder? Do 

pain and function have a similar clinical course? Does acute and persistent 

subacromial shoulder pain present different clinical courses for pain or function 

scores?   

A systematic review and meta-analysis were conducted (Chapter 3). Nineteen studies were 

included in the systematic review and results of 17 of those studies were pooled in meta-

analyses. The changes in pain and function over time were pooled in two categories including 

‘no intervention’ and ‘usual care’. We grouped the results of changes in pain and function 

scores in participants with persistent subacromial shoulder pain with ‘no intervention’ in a 

period of up to 3 months. These findings suggested no significant changes in pain and function 

to 3 months for patients who received ‘no intervention’. No data were available for longer 

follow-up and for acute shoulder pain conditions in this category. We pooled the results of 

changes in pain and function in participants with acute or persistent subacromial shoulder pain 

who received ‘usual care’ to 12 months. The results suggested a change of about 30/100 points 

(in pain or function scores) at 12 months, with 40% of this change occurring in the first 6 weeks 

following study entry. Additionally, the combined estimate of changes showed similar patterns 

of improvement between pain and function scores. A sub-analysis of data in the ‘usual care’ 

category indicated similar clinical improvements in pain between acute and persistent 

subacromial shoulder pain at 6 months. There were no available data for pain scores beyond 6 

months and no data were available for function scores when sub-analyzing data into acute and 

persistent shoulder pain.  

 

2. Is there a correlation between changes in pain or function and changes in scapular 

rotations over time? 

To address this question, first, we assessed the between-day reliability of the scapular locator 

for measuring scapular rotations (Chapter 4). Twenty-three asymptomatic participants were 

recruited and measured in two sessions one day apart. The results were assessed at 30°, 60°, 

90° and 120° scapular arm elevation. The findings showed that at 30° arm elevation, the 

scapular locator has poor reliability for measuring scapular rotations (ICC= 0.10 to 0.40). At 

60°, 90° and 120° scapular arm elevation, it showed a good to excellent reliability for scapular 

upward/downward rotation and anterior/posterior tilt (ICC = 0.73 to 0.93). However, our 

findings showed a fair to good reliability for measuring scapular internal/external rotation (ICC 
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= 0.37 to 0.62). Given the poor reliability for scapular internal/external rotation, these data 

were not reported in Chapter 5. 

 

The observational study (Chapter 5) assessed the correlation between changes in pain or 

function scores and changes in scapular rotations. Twenty-five participants with subacromial 

shoulder pain were assessed in two sessions, at baseline and 8 weeks later. For each participant, 

changes in pain, function scores, and scapular rotations (measured with the scapular locator 

and with the scapular dyskinesis test) were calculated. The results showed that changes in pain 

or function scores were not associated with changes in scapular rotations (scapular 

upward/downward rotation and anterior/posterior tilt) measured with the scapular locator or 

with the scapular dyskinesis test.  

 

3. Is it feasible to conduct a full RCT to explore the efficacy of a tailored training 

program compared with a standardized exercise program on pain, function and 

scapular dyskinesis?  

A feasibility RCT study was conducted (Chapter 6). Twenty-eight participants with 

subacromial shoulder pain were recruited during a 10-month period. Participants were 

randomly allocated to tailored training or standardized exercise programs for 16 sessions’ 

physiotherapy over 8 weeks of intervention. The results suggested it is feasible to conduct a 

full RCT. The recruitment rate was 3 participants per month with the proportion of 23% eligible 

participants to those participants who were screened. The adherence rate was 86.6% for face-

to-face interventions and 93% for home-based exercises. The preliminary comparisons 

between groups suggested significant changes in pain or function scores in both groups, and 

no differences between the two groups.  

 

Below, we describe the contribution of the results of our studies to the existing literature and 

the limitations associated with conducting these studies.  
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7.3 Contribution to this thesis to current literature  

7.3.1 Clinical course of subacromial shoulder pain 

Previous studies reported a wide range of recovery rates for patients with subacromial shoulder 

pain. Studies reported a full recovery rates from 23% to 50% at 6 months, and to 85% at three 

years after study entry (Bonde et al., 2003; Cummins et al., 2009; Heijden & J.M.G, 1999; 

Kuijpers et al., 2004; Linsell et al., 2006). Those studies differed in their definitions for 

shoulder pain, and in the duration of their follow-up periods. A limited number of observational 

studies reported the clinical course of pain and function for patients with subacromial shoulder 

pain. Observational studies reported the clinical course of pain and function for those patients 

who refer to primary care at different time points and for patients receiving different forms of 

treatment (Laslett et al., 2014; Roberts & Li, 2014; Winters et al., 1997). It is estimated 20-

50% of patients with subacromial shoulder pain access primary care for their pain (Heijden & 

J.M.G, 1999; Linsell et al., 2006). The results of our systematic review (Chapter 3) provided a 

pooled estimate of improvement in pain and function over time, and summarized the recovery 

that can be expected for subacromial shoulder pain for patients who receive ‘usual care’, and 

for those who did not receive treatment. The findings of our systematic review reflect a 

summary of the expected recovery over time for patients receiving ‘no intervention’ or ‘usual 

care’.   

 

We found similar patterns of improvements between pain and function scores in our systematic 

review (Chapter 3). This agrees with a previous systematic review showing similar patterns of 

improvement for pain and function scores in patients with low back pain (Costa et al., 2012). 

Pain and function outcome measures are two patient-reported outcomes that help with clinical 

decision making and health policy. These two outcomes are used mostly in shoulder pain trials 

(82% of trials assessed pain and 72% assessed function) (Page et al., 2015). Patients with 

shoulder pain were found to present strong correlations between pain and function scores 

(Boonstra et al., 2008). This may explain the similar pattern of changes between pain and 

function scores as it might be difficult to separate pain from functional limitations (MacDermid 

et al., 2006).  
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Our systematic review showed similar pain scores at baseline between acute and persistent 

shoulder pain. Also, these findings are confirmed by findings from another study that showed 

that pain intensity does not correlate with the duration of this symptom (Costa et al., 2012; 

Harris et al., 2012). We also found similar clinical improvement in pain between acute and 

persistent subacromial shoulder pain. Both groups showed medium clinical differences at 6 

months. However, because of the limitation in the meta-analysis it was not possible to assess 

the statistical differences between acute and persistent shoulder pain. There is strong evidence 

suggesting that patients with longer pain duration present poorer clinical outcomes (Chester et 

al., 2013; Kooijman et al., 2015). Our findings showed participants with acute pain presented 

improvements of 29.7/100 (95% CI from 25.3 to 34.7) scores over 6 months, and participants 

with persistent shoulder pain presented improvements of 22.6/100 (95% CI 15.1 to 30.2) over 

6 months. This may support previous findings. 

 

7.3.2 Association between scapular dyskinesis and subacromial shoulder pain    

The role of scapular dyskinesis on the onset or maintenance of subacromial shoulder pain is 

unclear (Kibler et al., 2013; Littlewood & Cools, 2018). While 35% of athletes with obvious 

scapular dyskinesis developed shoulder pain over one year, 25% of athletes without scapular 

dyskinesis also developed shoulder pain over one year (Hickey et al., 2018). Scapular 

dyskinesis may be one of multiple factors contributing to the etiology and persistence of 

subacromial shoulder pain (Hickey et al., 2018; Kibler & McMullen, 2003; Kibler et al., 2012; 

Timmons et al., 2012).  

 

It is hypothesized that scapular dyskinesis decreases the subacromial space and increases 

mechanical stress on gleno-humeral soft tissue, leading to pain during arm elevation (Borstad 

& Ludewig, 2002; Michener, McClure, & Karduna, 2003). However, there are conflicting 

results in the literature supporting the association between scapular dyskinesis and subacromial 

space. Silva et al. (2010) showed tennis players with scapular dyskinesis presented narrower 

subacromial spaces in comparison with those players without dyskinesis, and Seitz et al. (2012) 

showed no difference in subacromial spaces between participants with obvious scapular 

dyskinesis and those without dyskinesis. Findings reported in Chapter 5 add to the current body 

of evidence in this field. Given the lack of correlation between changes in pain or function 
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scores and changes in scapular rotations (Chapter 5) and findings from other studies 

(Christiansen et al., 2017; Lopes et al., 2015; Scibek et al., 2008; Tate et al., 2009), these may 

indicate that the mechanical model is questionable. Our findings support those from previous 

studies (with cross-sectional designs) that reported no difference on pain or function intensity 

between patients with and without scapular dyskinesis (Christiansen et al., 2017; Lopes et al., 

2015; Scibek et al., 2008; Tate et al., 2009).  

 

Previous studies did not show any differences in the Oxford Shoulder Score (a tool for 

measuring pain and function) between patients who showed improvement in scapular 

dyskinesis and those who did not (Christiansen et al., 2017). No correlation was shown in the 

improvement of scapular dyskinesis with the number of physiotherapy sessions (Christiansen 

et al., 2017). Improvement in scapular dyskinesis was not associated with physiotherapy 

interventions, as no difference was shown in improving scapular dyskinesis between those who 

received physiotherapy and those who did not (Christiansen et al., 2017). This suggests that 

other factors (e.g., age, shoulder pain duration, physical functioning, and comorbidities) are 

likely to contribute to shoulder symptoms. It has been recently proposed that scapular 

dyskinesis is a variation of normal scapular movements and that happens as a consequence of 

movement variability or adaptability in the neuromuscular system (McQuade, Borstad, & de 

Oliveira, 2016). If that is the case, it is reasonable to expect no association between scapular 

dyskinesis and subacromial shoulder pain.  

 

7.3.3 Scapular-focused exercises and clinical outcomes  

The preliminary evidence in systematic reviews assessing the effectiveness of scapular-focused 

exercises showed that scapular-focused exercises may have a better short-term effect on 

improving pain and function than other forms of intervention (Bury et al., 2016; Saito et al., 

2018). However, as reported by those systematic reviews, it is not clear if the efficacy of a 

scapular-focused approach is caused by improvements in scapular dyskinesis. According to 

previous systematic reviews, trials that reported improvements on scapular dyskinesis had a 

high risk of bias (Bury et al., 2016). On the other hand, trials that reported no changes in 

scapular dyskinesis had a low risk of bias (Bury et al., 2016). Another challenge is the high 

heterogeneity with regards to scapular-focused interventions between previous trials 
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(Reijneveld et al., 2017; Saito et al., 2018). Therefore, the evidence regarding the effectiveness 

of scapular-focused exercise is limited due to the risk of bias within previous trials and also the 

heterogeneity of the interventions tested. For those reasons, future RCTs with adequate sample 

size, low risk of bias and longer follow-ups are required to determine the effectiveness of 

scapular-focused exercise on the management of subacromial shoulder pain (Bury et al., 2016; 

Reijneveld et al., 2017; Saito et al., 2018). 

 

Despite the limited evidence supporting the role of scapular dyskinesis on clinical presentation, 

a number of trials have tested whether interventions targeting the scapular dyskinesis could 

lead to better clinical outcomes. Based on findings from previous trials, it is unclear which type 

of exercise may improve scapular dyskinesis and whether changes in scapular dyskinesis will 

improve pain and function. For example, conscious strengthening training (training with verbal 

and kinesthetic cues) seems to lead to immediate improvements in scapular external rotation 

compared with non-conscious training in asymptomatic participants (Ou et al., 2016). 

However, that study (Ou et al., 2016) reported only the immediate effect of motor control 

training on scapular rotations and did not assess the changes in pain and function. Without that 

information, it is not possible to determine whether changes in pain or function were caused 

by changes in the scapular dyskinesis.  

 

Trials assessing the effectiveness of scapular-focused training (i.e., neuromuscular scapular 

training) in comparison with other strengthening exercises reported different outcomes, for 

example: (1) between-group differences in scapular rotations, but no differences in pain and 

function scores (Başkurt et al., 2011; Turgut et al., 2017); (2) between-group differences in 

pain and function but no differences in scapular rotations (Struyf et al., 2013); (3) no between-

group differences in pain, function or scapular rotations (Hotta, Gomes de Assis Couto, Cools, 

McQuade, & Siriani de Oliveira, 2020). The findings from our feasibility trial showed no 

between-group differences in pain, function or scapular dyskinesis. However, our feasibility 

trial was not powered for identifying between-group differences, and these are only preliminary 

estimates of clinical effectiveness. The future full RCT will assess whether a tailored exercise 

program leads to better clinical outcomes when compared with a standardized exercise program 

and will contribute to current knowledge in the field. 
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7.4 Limitations and suggestions  

7.4.1 High heterogeneity between studies 

The systematic review on the clinical course of pain and function (Chapter 3) showed 

substantial heterogeneity estimates of change in pain or function scores over time for patients 

with shoulder pain who received ‘usual care’. Reasons for high heterogeneity were diversity in 

the type of interventions and duration of shoulder pain symptoms. ‘Usual care’ consisted of a 

broad range of interventions, including: ‘multimodal usual care’, ‘advice and exercise’ or 

‘conventional physiotherapy intervention’. Because of the limited number of studies in each 

category, it was not possible to conduct the subgroup analyses based on the type of intervention. 

Future observational studies are required to assess the clinical course of pain and disability 

within each form of usual care. Future observational studies are needed to assess the clinical 

course of pain and function scores in the different categories of interventions and based on 

subacromial shoulder pain duration. 

 

We found a limited number of studies reporting the course of pain or function scores in acute 

subacromial shoulder pain. The meta-analyses of two studies with acute shoulder pain appeared 

to contribute towards reduced heterogeneity (I2= 0). However, given only two studies were 

included, data were only pooled at 6 months from study entry and there were no data on the 

course of improvement in earlier and later time points for these patients. Future observational 

studies assessing the clinical course of pain and disability within patients presenting acute and 

persistent subacromial shoulder pain are also recommended.   

 

7.4.2 Challenges with measuring scapular internal/external rotation 

We did not report the results for the association between changes in pain or function scores 

with changes in scapular internal/external rotation, given the limited reliability of this 

measurement (Chapter 4). There is an inherent challenge in measuring scapular 

internal/external rotation compared with scapular upward/downward rotation and 

anterior/posterior tilt. Scapular internal/external rotation has a smaller range than scapular 

upward/downward rotation and anterior/posterior tilt (Brochard et al., 2011; Camargo Forte, 

de Castro, de Toledo, Ribeiro, & Loss, 2009; Haik et al., 2014; Thigpen et al., 2005; Van Den 
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Noort et al., 2014; Warner et al., 2012). The range of changes in scapular internal rotations 

(reported in Chapter 5) was smaller than SEM measured in our reliability study (i.e., ±3°) 

(Chapter 4). Findings of previous studies also reported similar measurement errors (ranging 

from 4° to 6°) for scapular rotations when assessing inter-session reliability using a scapular 

locator (Barnett et al., 1999; Johnson et al., 1993; Meskers et al., 2007; Shaheen et al., 2011).   

 

7.4.3 Challenges with identifying the differences between altered and normal scapular 

rotations  

There is the possibility of measurement error associated with the scoring of scapular dyskinesis 

when using direct measurements or a clinical test. With regards to the clinical test, it was hard 

to differentiate between subtle scapular dyskinesis and normal scapular rotations (Chapters 5 

and 6). The scapular dyskinesis test has high concurrent validity for obvious scapular 

dyskinesis to normal scapular rotation (in comparison with electromagnetic motion tracking 

system) (Tate et al., 2009). When measuring changes in scapular rotations with a scapular 

locator, the smallest detectable difference (SDD) for showing changes in scapular rotations 

ranged from 12° to 16° (Chapter 4). The SDD values in our study are similar with previous 

studies using other electromagnetic devices (Flock of Birds or Inertial Sensors) (Haik et al., 

2014; Van Den Noort et al., 2014) and are greater than the difference in scapular rotations 

reported between patients with scapular dyskinesis and normal scapular rotations by other 

studies (Lopes et al., 2015; Tate et al., 2009). For example, differences in the scapular internal 

rotation of up to 4.5° were reported between individuals with subacromial shoulder pain who 

presented with obvious scapular dyskinesis compared with those with normal scapular 

rotations (Lopes et al., 2015; Tate et al., 2009). That difference between those participants is 

lower than reported SDD values (i.e., an SDD of up to 8°) (Lopes et al., 2015; Tate et al., 2009).  

 

There are similar challenges, when comparing scapular rotations between individuals with 

subacromial shoulder pain and asymptomatic participants. The reported difference in scapular 

rotations between patients with subacromial shoulder pain and asymptomatic participants 

ranged from 3° to 6° (Borstad & Ludewig, 2002; Lin et al., 2005; Ludewig & Cook, 2000). 

Those studies also reported an SEM that ranged from 2.5° to 5°. If we consider that SDD = 

1.95*SEM*√𝟐𝟐, then those studies (Borstad & Ludewig, 2002; Lin et al., 2005; Ludewig & 
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Cook, 2000) had SDDs that would range from 5° to 10°. When interpreting and reporting those 

findings, those previous studies did not take into account the SDD value. Therefore, the chance 

of previous findings showing the differences between scapular rotations is located within 68% 

of the confidence interval, as the amount of difference that they reported was less than the SDD 

and more than the SEM (Borstad & Ludewig, 2002; Carter, 2011; Lin et al., 2005; Lopes et al., 

2015; Ludewig & Cook, 2000). Given the challenges with measuring scapular rotations, further 

studies are required to investigate the difference in scapular rotations between participants with 

shoulder pain and asymptomatic individuals.  

 

7.5 Conclusion 

The studies conducted as parts of this thesis added to the current literature. Findings suggest 

that participants who receive no intervention present no improvement in pain or function over 

time; participants who received ‘usual care’ present medium/meaningful improvement in pain 

or function scores at 12 months (30 points improvement), with minimal clinical improvement 

occurring at the first 3 months of the study entry (about 16 points). Clinical course of pain and 

function was similar in patients with subacromial shoulder pain. There is no correlation 

between changes in pain or function scores with changes in scapular rotations. It is feasible to 

conduct the full trial for assessing the effectiveness of a tailored rehabilitation program for the 

management of subacromial shoulder pain. The preliminary results from the feasibility RCT 

suggested that the full trial will require a minimum of 87 participants with subacromial 

shoulder pain, and that those participants are likely to be recruited over two and a half years 

(unless changes in methods are incorporated to optimize recruitment). The findings from this 

thesis questions the role of scapular dyskinesis on the recovery of patients with subacromial 

shoulder pain.
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Appendix A1 

Clinical course of pain and function in patients with subacromial shoulder pain: A 

systematic review with meta-analysis  

 

Search strategy used in each database 

Terms that used for population:  

Shoulder, musculoskeletal disorders, shoulder pain, shoulder impingement syndrome, 
shoulder problems, rotator cuff, subacromial pain syndrome, subacromial impingement, 
painful arc, shoulder complaints, shoulder disorders, non-specific shoulder 

 

Terms that used for the intervention:  

no intervention, no treatment, standard care, usual care, waiting list, wait and see, wait-and-
see, no exercise, ergonomics, usual therapeutic approach 

 

Terms that used for clinical course:  

Prognosis, clinical course, natural course, course of pain, course of shoulder, inception, 
follow-up, recovery 

 

Search strategy in Web of Science: 

TS=("rotator cuff"  OR  "painful arc" OR “shoulder pain” OR “shoulder impingement 
syndrome” OR “shoulder problems” OR “subacromial pain syndrome” OR “subacromial 
impingement” OR “shoulder complaints” OR “shoulder disorders” OR “non-specific 
shoulder” OR (shoulder AND “musculoskeletal disorders”) 

AND 

TS=("no intervention" OR "no treatment" OR "standard care" OR "usual care" OR "wait and 
see" OR  "waiting list" OR  "no exercise" OR ergonomic OR "usual therapeutic approach") 

AND 

TS=(“follow-up” OR  recovery OR  inception OR prognosis OR "clinical course" OR  
"natural course" OR "course of pain" OR "course of shoulder") 

NOT 
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TS=(animal  OR  rat  OR  rabbit  OR  cancer  OR  rheumatology  OR  dislocation  OR  
fracture  OR  arthroplasty  OR  hemiplegic  OR  frozen  OR  stroke  OR  surgery) 
 

Search strategy in Scopus:  

#1 " shoulder pain” OR “shoulder impingement syndrome” OR “shoulder problems" OR 
“rotator cuff” OR “subacromial pain syndrome" OR "subacromial impingement" OR "painful 
arc" OR "shoulder complaints" OR "subacromial injection" OR "shoulder disorders" OR 
"non-specific shoulder"  OR “nonspecific shoulder" OR (shoulder AND “musculoskeletal 
disorders”) 

#2 "no intervention" OR "no treatment" OR "standard care" OR "usual care" OR "wait and 
see" OR "waiting list" OR "no exercise" OR ergonomic OR "usual therapeutic approach" 

#3 ="follow-up" OR recovery OR prognosis OR "clinical course" OR "natural course" OR 
"course of pain" OR "course of shoulder" OR inception 

#4 animal  OR  rat  OR  rabbit  OR  cancer  OR  rheumatology  OR  dislocation  OR  fracture  
OR  arthroplasty  OR  hemiplegic  OR  frozen  OR  stroke  OR  surgery 

#5: #1 AND #2 AND #3 

#6: #5 AND NOT #4 

 

Search strategy in Cochrane Library, Medline, Embase, and AMED (via OVID) 

#1 “shoulder pain” OR “shoulder impingement syndrome” OR “shoulder problems" OR 
“rotator cuff” OR “subacromial pain syndrome" OR "subacromial impingement" OR "painful 
arc" OR "shoulder complaints" OR "subacromial injection" OR "shoulder disorders" OR 
"non-specific shoulder"  OR “nonspecific shoulder" OR (shoulder AND “musculoskeletal 
disorders”) 

#2 “no intervention” OR “no treatment” OR “usual care” OR “standard care” OR “wait and 
see” OR “wait-and-see” OR “waiting list” OR “no exercise” OR ergonomic OR “Usual 
therapeutic approach” 

#3 prognosis OR “clinical course” OR “natural course” OR inception OR “course of pain” 
OR “course of shoulder” OR Follow-up OR recovery  

#4 animal OR rat OR rabbit OR cancer OR rheumatology OR dislocation OR fracture OR 
arthroplasty OR hemiplegic OR frozen OR stroke OR surgery 

#5:  1 AND 2 AND 3 

#6:  5 NOT 4 

  



  

160 
 

Appendix B1 

 

  



  

161 
 

  



  

162 
 

 

Appendix B2 

 

NGÃI TAHU RESEARCH CONSULTATION COMMITTEE 

TE KOMITI RAKAHAU KAI TAHU 
Tuesday, 02 May 2017. 
Dr Daniel Cury 
Ribeiro, School 
of Physiotherapy, 
DUNEDIN. 
Tënä koe Dr Daniel Cury Ribeiro, 

Between-day reliability and accuracy of inertial sensors for measuring scapular 
kinematics during shoulder elevation in a group of asymptomatic participants 

The Ngãi Tahu Research Consultation Committee (the committee) met on Tuesday, 
02 May 2017 to discuss your research proposition. 

By way of introduction, this response from The Committee is provided as palt of the 

Memorandum of Understanding between Te Rünanga o Ngäi Tahu and the 
University. In the statement of principles of the memorandum it states "Ngäi Tahu 
acknowledges that the consultation process outline in this policy provides no power 
of veto by Ngäi Tahu to research undertaken at the University of Otago". As such, 
this response is not "approval" or "mandate" for the research, rather it is a mandated 
response from a Ngäi Tahu appointed committee. This process is part of a number 
of requirements for researchers to undertake and does not cover other issues relating 
to ethics, including methodology they are separate requirements with other 
committees, for example the Human Ethics Committee, etc. 

Within the context of the Policy for Research Consultation with Maori, the 
Committee base consultation on that defined by Justice McGechan: 

"Consultation does not mean negotiation or agreement. It means: setting out a 
proposal notfully decided upon; adequately informing a party about relevant 
information upon which the proposal is based; listening to what the others have to 
say with an open mind (in that there is room to be persuaded against the proposal); 
undertaking that task in a genuine and not cosmetic manner. 

Reaching a decision that may or may not alter the originalproposal. " 
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The Committee considers the research to be of importance to Maori health. 

As this study involves human participants, the Committee strongly encourage that 
ethnicity data be collected as part of the research project as a right to express their 
self-identity. That is the questions on self-identified ethnicity and descent, these 
questions are contained in the latest census. 

The Committee suggests dissemination of the research findings to relevant Maori 
health organisations regarding this study, including Taeora Tinana, Maori 
Physiotherapists within the New Zealand Society of Physiotherapists. 

We wish you every success in your research and the Committee also requests a copy 
of the research findings. 

This letter of suggestion, recommendation and advice is current for an 18 month 
period from Tuesday, 02 May 2017 to 2 November 2018. 

Nãhaku noa, nã 

 

Mark Brunton 
Kaiwhakahaere Rangahau Maori 
Research Manager Mäori 
Research Division 
Te Whare Wänanga o Otãgo 
Ph: +64 3 479 8738 
Email: mark.brunton@otago.ac.nz 
Web: www.otago.ac.nz 

The Ngai Tahu Research Consultation Committee has membership from: 

Te Rünanga o Otãkou Incorporated 
Kati Huirapa Rünaka ki Puketeraki 

Te Rünanga o Moeraki 
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Appendix B3  

 

 

Repeatability and accuracy of inertial sensors for measuring shoulder blade movements  

Principal Investigator: Dr Daniel Cury Ribeiro (Daniel.ribeiro@otago.ac.nz,  Tel: 03 479-

7455 ) 

CONSENT FORM FOR PARTICIPANTS 

Following signature and return to the research team this form will be stored in a secure place 

for ten years. 

Name of participant:………………………………………….. 

1. I have read the Information Sheet concerning this study and understand the aims of 

this research project. 

2. I have had sufficient time to talk with other people of my choice about participating 

in the study.   

3. I confirm that I meet the criteria for participation which are explained in the 

Information Sheet. 

4. All my questions about the project have been answered to my satisfaction, and I 

understand that I am free to request further information at any stage.  

5. I know that my participation in the project is entirely voluntary, and that I am free 

to withdraw from the project at any time without disadvantage. 

6. I know that as a participant I will participate in 2 sessions of assessment on two 

consecutive days, I know that each session will take 40mins and I will perform arm 

elevation 8 times. I know that I should allow you to measure my shoulder blade 

motions with sensors (inertial sensor) and with a manual tool  (the scapular locator). 

7. I understand the nature and size of possible discomfort as explained in the 

Information Sheet. 
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8. I know that when the project is completed, all personal identifying information will 

be removed from the paper records and electronic files which represent the data 

from the project, and that these will be placed in secure storage and kept for at least 

ten years.  

9. I understand that the results of the project may be published and be available in the 

University of Otago Library, and I agree that any personal identifying information 

will remain confidential between myself and the researchers during the study, and 

will not appear in any spoken or written report of the study. 

10. I know that there is no remuneration offered for this study, and that no commercial 

use will be made of the data.  

Signature of participant:  Date: 

   

   

 

Name of person taking consent  Date: 
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Appendix C1 

H17/079 

 

 

 

 

Dr DC Ribeiro 

 School of Physiotherapy 

Dear Dr Ribeiro, 

I am again writing to you concerning your proposal entitled “Is there a relationship 
between changes in shoulder pain and shoulder blade movements?”, Ethics 
Committee reference number H17/079. 

Thank you for your e-mail of 4th August 2017 with response and revised documentation 
attached addressing the issues raised by the Committee. 

The Committee notes the additions to the study protocol of the “classified scapular 
dyskinesis test” and also the addition to the recruitment strategy, noting that you wish to 
offer participants recruited for the MASTER Trial (ethics reference H17/080) the 
opportunity to take part. 

On the basis of this response, I am pleased to confirm that the proposal now has full ethical 
approval to proceed. 

The standard conditions of approval for all human research projects reviewed and approved 
by the Committee are the following: 

Conduct the research project strictly in accordance with the research proposal submitted 
and granted ethics approval, including any amendments required to be made to the proposal 
by the Human Research Ethics Committee. 

 
 
 
 
 
 
Academic Services 

Manager, Academic Committees, Mr Gary Witte 

8 August 2017 
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Inform the Human Research Ethics Committee immediately of anything which may warrant 
review of ethics approval of the research project, including: serious or unexpected adverse 
effects on participants; unforeseen events that might affect continued ethical acceptability 
of the project; and a written report about these matters must be submitted to the Academic 
Committees Office by no later than the next working day after recognition of an adverse 
occurrence/event. Please note that in cases of adverse events an incident report should also 
be made to the Health and Safety Office: 

Advise the Committee in writing as soon as practicable if the research project is 
discontinued. 

Make no change to the project as approved in its entirety by the Committee, including any 
wording in any document approved as part of the project, without prior written approval of 
the Committee for any change. If you are applying for an amendment to your approved 
research, please email your request to the Academic Committees Office: 

gary.witte@otago.ac.nz 

jo.farrondediaz@otago.ac.nz 

Approval is for up to three years from the date of this letter. If this project has not been 
completed within three years from the date of this letter, re-approval or an extension of 
approval must be requested. If the nature, consent, location, procedures or personnel of 
your approved application change, please advise me in writing. 

The Human Ethics Committee (Health) asks for a Final Report to be provided upon 
completion of the study. The Final Report template can be found on the Human Ethics Web 
Page http://www.otago.ac.nz/council/committees/committees/HumanEthicsCommittees.html 

Yours sincerely, 

 

Mr Gary Witte 
Manager, Academic Committees 
Tel: 479 8256 
Email: gary.witte@otago.ac.nz 

 c.c. Professor L A Hale  Dean   School of Physiotherapy 
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Appendix C2 

   

 

Wednesday, 07 June 2017.  

Dr Daniel Cury Ribeiro, School of 
Physiotherapy,  
DUNEDIN.  
 

 

Tēnā Koe Dr Daniel Cury Ribeiro,  

The association between scapula movement and pain levels in a cohort of individuals 
with shoulder pain  

The Ngāi Tahu Research Consultation Committee (the committee) met on Tuesday, 06 June 
2017 to discuss your research proposition.  

By way of introduction, this response from The Committee is provided as part of the  
Memorandum of Understanding between Te Rūnanga o Ngāi Tahu and the University. In 
the statement of principles of the memorandum it states ″Ngāi Tahu acknowledges that the 
consultation process outline in this policy provides no power of veto by Ngāi Tahu to 
research undertaken at the University of Otago″. As such, this response is not ″approval″ or 
″mandate″ for the research, rather it is a mandated response from a Ngāi Tahu appointed 
committee. This process is part of a number of requirements for researchers to undertake and 
does not cover other issues relating to ethics, including methodology they are separate 
requirements with other committees, for example the Human Ethics Committee, etc.  
Within the context of the Policy for Research Consultation with Māori, the Committee base 
consultation on that defined by Justice McGechan:  

″Consultation does not mean negotiation or agreement. It means: setting out a proposal not 
fully decided upon; adequately informing a party about relevant information upon which the 
proposal is based; listening to what the others have to say with an open mind (in that there 
is room to be persuaded against the proposal); undertaking that task in a genuine and not 
cosmetic manner. Reaching a decision that may or may not alter the original proposal.″  
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The Committee considers the research to be of importance to Māori health.   
  
As this study involves human participants, the Committee strongly encourage that ethnicity 
data be collected as part of the research project as a right to express their self-identity. That is 
the questions on self-identified ethnicity and descent, these questions are contained in the 
latest census.   
  
The Committee suggests dissemination of the research findings to relevant Māori health 
organisations regarding this study, including Taeora Tinana, Maori Physiotherapists within 
the New Zealand Society of Physiotherapists.   
We wish you every success in your research and the committee also requests a copy of the 
research findings.  

This letter of suggestion, recommendation and advice is current for an 18 month period from 
Tuesday, 06 June 2017 to 6 December 2018.  
  

Nāhaku noa, nā  

  

Mark Brunton  
Kaiwhakahaere Rangahau Māori  
Research Manager Māori 
Research Division Te Whare 
Wānanga o Otāgo Ph: +64 3 479 
8738  
Email: mark.brunton@otago.ac.nz Web: 
www.otago.ac.nz  
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Appendix C3 

 

Participant Information Sheet (enter further details if necessary e.g., for 
Parents/Guardians, for child participants etc) 

Study title: Is there a relationship between changes in shoulder pain and 

shoulder blade (scapula) movements? 

Principal 

investigator: 

Name: Daniel Cury Ribeiro  

Department: School of Physiotherapy 

Position: Senior Lecturer 

Contact phone 

number: 

479 7455 

 

Introduction 

Thank you for showing an interest in this project.  Please read this information sheet 
carefully. Take time to consider and, if you wish, talk with relatives or friends, before 
deciding whether or not to participate.  

If you decide to participate, we thank you.  If you decide not to take part, there will be no 
disadvantage to you and we thank you for considering our request.   

 

What is the aim of this research project? 

We want to assess the relationship between changes in shoulder pain and shoulder blade 
movements to better understand how pain impacts in shoulder blade movements.  

 

Who is funding this project? 

This study is a part of a PhD candidate research work. University of Otago PhD Student 
Scholarship support the PhD candidate in this study.  
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Who are we seeking to participate in the project? 

We are seeking adults with shoulder pain aged 18 years old or more. You may be able to take 
part in the study if you have shoulder joint pain, and if your pain worsens during your arm 
movements. You can take part in the study even if you are receiving any form of treatment. 

 We wish to recruit a total of 22 participants with shoulder pain.  

 

If you participate, what will you be asked to do? 

We will ask you to sign a consent form. You will attend two sessions at the Biomechanics 
Laboratory of the School of Physiotherapy, at the beginning of the study and two months 
later. Each session will take approximately 40 mins.  

 

We will ask you to complete a questionnaire shoulder pain effects on your daily activities. 
This will take 5 mins to complete.  

 

We will ask you to perform a clinical test. We will ask you take off your shirt. Female 
participants should wear a tank top or sports bra, so that the shoulder blades are visible. You 
will then be asked to raise your arms 5 times. When you raise your hand, we will observe or 
palpate your shoulder blade movements from behind and score it based on an existing 
protocol. We will ask you to report us the average of pain that you might feel during those 
arm movements. 

 

We will then place 3 small sensors on your trunk, arm and shoulder blade. If you have hairy 
skin, we need to shave and swab the skin where the sensors will be placed. The test will be 
performed while you are sitting and we will ask you to raise your painful arm.  

A female PhD candidate, Zohreh Jafarian Tangrood, will place the sensors. You are welcome 
to let us know if you are uncomfortable with this, and if you would like to bring a chaperone 
with you. 

 

We will use a measuring tool called the ‘scapular locator’ and the 3 sensors to measure your 
shoulder blade movements. We will ask you to hold your arm in 4 specific positions (at your 
side, and with the arm raised to 60°, 90° and 120°) for about 10 seconds each. While you are 
holding the positions, we will assess your pain level and measure your shoulder blade 
position with the tool and sensors. We will repeat each measurement three times. You will be 
able to rest between the measurements for as long as you need to remain comfortable. If you 
are unable to elevate your arm to the maximum range (120°) because of pain, we will ask you 
to raise your arm only to the point that your pain allows.   
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Finally, we will ask you to raise your arm 3 times in a continuous motion as far as is possible. 
If you have pain at rest, we will ask you to raise your arm to the point where your pain 
increases. If you don’t have pain at rest, you will raise your arm to the point where your pain 
starts.  

 

Scapular locator                                                   Sensor                   

 

Measurement method 
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Is there any risk of discomfort or harm from participation? 

You may feel a transient discomfort when we ask you to raise or hold your arm at a certain 
position. There is no risk of injury or re-injury when performing the tests.   

 

What specimens, data or information will be collected, and how will they be used?  

We will record your age, weight, height, dominant side, shoulder pain history, shoulder pain 
level (using numeric pain scale) and the level of disability that you feel at your daily 
functional basis(using patient’s specific functional scale).  

 

What about anonymity and confidentiality? 

The results of the project may be published and will be available in the University of Otago 
Library (Dunedin, New Zealand). We will include all the values as a group in the final report 
and this preserve your anonymity. 

 

If you agree to participate, can you withdraw later? 

You may withdraw at any time without any disadvantage to yourself.  

 

Any questions? 

If you have any questions now or in the future, please feel free to contact either: 

Name: Daniel Cury Ribeiro  

Position : Senior Lecturer  

Department: School of Physiotherapy 

Contact phone number: 

 03 479-7455 

Email: daniel.ribeiro@otago.ac.nz 

Name: Zohreh Jafarian Tangrood 

Position: PhD student 

Department: School of Physiotherapy 

Contact phone number: 

Email: 
zoheh.jafarian@postgrad.otago.ac.nz 

 

This study has been approved by the University of Otago Human Ethics Committee (Health). 
If you have any concerns about the ethical conduct of the research you may contact the 
Committee through the Human Ethics Committee Administrator (phone +64 3 479 8256 or 
email gary.witte@otago.ac.nz). Any issues you raise will be treated in confidence and 
investigated and you will be informed of the outcome. 
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Appendix C4 

 

 

 

 

 

  

Telephone screening  Answers  
Age More than 18 
Shoulder joint pain Yes 
If pain worse when arm raised. Yes 
Previous shoulder surgery  No 
Previous spinal surgery No surgery in cervical and thoracic regions 

Lumbar surgery = OK 
Frozen shoulder No 
History of shoulder dislocation No 
Any inflammatory disease No 
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Appendix C5 

 

Physical screening for participants in observational study 

Exclusion criteria 

Please exclude if answer to any of the following questions is yes 

criteria No Yes 

Neck involvement and upper extremity paresthesia    

Shoulder subluxation   

Neck and shoulder surgery < 6 months   

History of shoulder fracture   

Inflammation or systematic disease    

Hemiplegic shoulder    

Frozen shoulder    

Full rotator cuff tear   

AC joint involvement   

 

Inclusion criteria 

Test positive negative 

Painful arc test   

Resistive shoulder lateral rotation   

Resistive shoulder abduction   

Job’s test   

 

The description of exclusion criteria 

Neck involvement and upper extremity paresthesia 

Does shoulder pain or upper limb paresthesia provoke with neck rotations or extension?  
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Shoulder dislocation  

1) Does the shoulder partly or completely comes out of the shoulder joint? 
2) Is patients worried about shoulder dislocation during sport and shoulder external 

rotation?  
3) Positive apprehension test: patients lie supine and physiotherapist take the arm in 90⁰ 

of abduction and fully external rotation, the positive test is pain and fear of luxation.( 
notice: if patients just feels pain over anterior part of shoulder or posterior part of 
shoulder, it is the indication of subacromial impingement and postero-supero glenoid 
impingement 

 

Question related to inflammation and systematic disease 

a) Recent traumatic events. 
b) Any mass or swelling 
c) Systematically unwell 
d) Red skin 
e) Fever 
f) Symptoms of inflammation in several joints 
g) Pain not reported with shoulder mechanical stress 
h) Pain provocation because of physical exertion and respiratory stress  

 

Positive Frozen shoulder 

shoulder elevate less than 140°  

 

Test related to full rotator cuff tear 

a) Positive shoulder external rotation lag test: the positive test indicates supra 
spinatus and infra spinatus full tear: patient is in standing position, therapist leads 
patient’s shoulder in scapular abduction to 45⁰ and take patient’s arm to extreme 
external rotation. Therapist ask patients to keep his/her arm in this position, if 
patient is not able to keep the position, the test is positive.    

b) Positive shoulder internal rotation lag test: the positive test indicates 
subacromial tendon tear, patient is in standing position and therapists takes 
patient’s arm in internal position off the back, therapists ask patient to hold the 
hand in that position. The test is positive if patients is unable to position. 
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Appendix C6 

 
 

Is there a relationship between changes in shoulder pain and shoulder 

blade movements? 

Principal Investigator: Dr Daniel Cury Ribeiro (daniel.ribeiro@otago.ac.nz,  Tel: 03 479-

7455 ) 

CONSENT FORM FOR PARTICIPANTS 

Following signature and return to the research team this form will be stored in a secure place for ten years. 

Name of participant:………………………………………….. 

1. I have read the Information Sheet concerning this study and understand the aims of 
this research project. 

2. I have had sufficient time to talk with other people of my choice about participating 
in the study.   

3. I confirm that I meet the criteria for participation which are explained in the 
Information Sheet. 

4. All my questions about the project have been answered to my satisfaction, and I 
understand that I am free to request further information at any stage.  

5. I know that my participation in the project is entirely voluntary, and that I am free 
to withdraw from the project at any time without disadvantage. 

6. I know that as a participant I will participate in 2 sessions, one at the beginning and 
the second one, after two months.  

7. I know each session will take 40 mins and I will perform movements which will be 
recorded.  

8. I understand that this testing is not likely to injury or re-injury my shoulder. 
9. I know that when the project is completed, all personal identifying information will 

be removed from the paper records and electronic files which represent the data 
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from the project, and that these will be placed in secure storage and kept for at least 
ten years.  

10. I understand that the results of the project may be published and be available in the 
University of Otago Library, and I understand that any personal identifying 
information will remain confidential between myself and the researchers during the 
study, and will not appear in any spoken or written report of the study.  

11. I know that there is no remuneration offered for this study, and that no commercial 
use will be made of the data.  
 

 

Signature of participant:  Date: 

   

   

 

Name of person taking consent  Date: 
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Correlation coefficient between changes in pain (measured with NPRS) versus scapular upward/downward 
rotation. Positive sign indicates increase in pain, and increase in scapular upward rotation. 
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Correlation coefficient between changes in pain (measured with NPRS) versus scapular anterior/posterior tilt. 
Positive sign indicates increase in pain, and increase in scapular anterior tilt. 

 

  

y = 0.0134x - 1.1745
R² = 0.0106

-6

-5

-4

-3

-2

-1

0

1

2

3

-20 -10 0 10 20 30 40 50 60 70 80

Ch
an

ge
 in

 p
ai

n

Change in scapular anterior/posterior tilt

120 degrees



  

183 
 

Appendix C8 

 

 

 

 

 

 

y = -0.1343x - 0.0215
R² = 0.0236

-4

-3

-2

-1

0

1

2

3

-4 -3 -2 -1 0 1 2 3 4

Ch
an

ge
 in

 p
ai

n 
at

 re
st

Change in scapular dyskinesis score

y = 0.1888x - 0.3055
R² = 0.0142

-8

-6

-4

-2

0

2

4

6

-4 -3 -2 -1 0 1 2 3 4

Ch
an

ge
 in

 p
ai

n 
du

rin
g 

m
ov

em
en

t

Change in scapular dyskinesis score



  

184 
 

 

 

Correlation coefficient between change NPRS (at rest, and during movement) and PSFS with 
change in scapular dyskinesis score, positive sign indicates increase in pain, increase in 

scapular dyskinesis score and improvement in function. 
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  H17/080 

Wednesday, 07 June 2017.  

Dr Daniel Cury Ribeiro, School of 
Physiotherapy,  
DUNEDIN.  
  

Tēnā Koe Dr Daniel Cury Ribeiro,  

The effectiveness of tailored rehabilitation versus standard exercise programme for 
patients with shoulder pain: a feasibility randomized controlled trial  

The Ngāi Tahu Research Consultation Committee (the committee) met on Tuesday, 06 June 
2017 to discuss your research proposition.  

By way of introduction, this response from The Committee is provided as part of the 
Memorandum of Understanding between Te Rūnanga o Ngāi Tahu and the University. In the 
statement of principles of the memorandum it states ″Ngāi Tahu acknowledges that the 
consultation process outline in this policy provides no power of veto by Ngāi Tahu to 
research undertaken at the University of Otago″. As such, this response is not ″approval″ or 
″mandate″ for the research, rather it is a mandated response from a Ngāi Tahu appointed 
committee. This process is part of a number of requirements for researchers to undertake and 
does not cover other issues relating to ethics, including methodology they are separate 
requirements with other committees, for example the Human Ethics Committee, etc.  

Yours sincerely, 
  

 

 
 
 
Academic Services 

Manager, Academic Committees, Mr Gary Witte 20 July 2017 
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Appendix D4 

 

 

Participant Information Sheet 

Study title:  Management of subacromial disorders of the shoulder  

(MASTER Trial)  

  

Principal 

investigator:  

Name: Daniel Cury Ribeiro   

Department: School of Physiotherapy  

Position: Senior lecturer  

Contact phone 
number:  

479 7455  

  

Introduction  
Thank you for showing an interest in this project.  Please read this information sheet 

carefully. Take time to consider and, if you wish, talk with relatives or friends, before 

deciding whether or not to participate. If you decide to participate we thank you.  If you 

decide not to take part there will be no disadvantage to you and we thank you for considering 

our request.    

  

What is the aim of this research project?  
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This preliminary project will test an intervention for shoulder pain to see if we can use the 

same treatment for a larger study.   

  

Who is funding this project?  
This project has been funded by the Health Research Council (HRC) – New Zealand, the 

School of Physiotherapy (University of Otago) and the Physiotherapy New Zealand Trust.  

  

Who are we seeking to participate in the project?  
We are seeking adults aged between 18 and 65 years of age who have shoulder pain. You 

may be able to take part in the study if you have shoulder joint pain, and if your pain worsens 

when you raise your arm. You will not be able to participate if you had previous shoulder 

surgery. We are recruiting a minimum of 24 participants with shoulder pain.   

  

If you participate, what will you be asked to do?  
You will be asked to attend one assessment session (to determine if you meet the inclusion 

criteria). If you are eligible, you will be asked to sign a consent form and then you will be 

treated for your shoulder pain.    

  

You will be asked to attend 16 sessions (2 sessions per week, over 8 weeks – free of charge) 

at the Physiotherapy Clinic (School of Physiotherapy – University of Otago). Each session 

will take approximately 1 hour. You will also be asked to perform some exercises at home 

once a day.   

  

Is there any risk of discomfort or harm from participation?  
There is minimal risk of discomfort or harm, since all the exercises will be performed at a 

comfortable level for you. If we observe any adverse reaction to the exercises, we will adjust 

the exercises according to your symptoms.     
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What specimens, data or information will be collected, and how 

will they be used?   
Over the 8 weeks of treatment, we will assess your pain levels and movement range at the 

start of the treatment and 4, 8, and 12 weeks after this. We will ask you to complete two 

questionnaires about your shoulder pain and limits to your movement. Each assessment 

session will take place at the School of Physiotherapy, and will last approximately 30 

minutes.     

  

What about anonymity and confidentiality?  
The results of the project may be published and will be available in the University of Otago 

Library (Dunedin, New Zealand). We will include combined data from all participants. This 

will preserve your anonymity.  

  

If you agree to participate, can you withdraw later?  
You may withdraw at any time without any disadvantage to yourself.   

  

Any questions?  
If you have any questions now or in the future, please feel free to contact either:  

Name: Daniel Cury Ribeiro   

Position: Senior Lecturer   

Department: School of Physiotherapy  

Contact phone number:  

 03 479-7455  

Email: daniel.ribeiro@otago.ac.nz  

Name: Zohreh Jafarian Tangrood  

Position: PhD student  

Email: 

zoheh.jafarian@postgrad.otago.ac.nz  
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Department: School of Physiotherapy  

  

This study has been approved by the University of Otago Human Ethics Committee (Health). 
If you have any concerns about the ethical conduct of the research you may contact the 
Committee through the Human Ethics Committee Administrator (phone +64 3 479 8256 or 
email gary.witte@otago.ac.nz). Any issues you raise will be treated in confidence and 
investigated and you will be informed of the outcome.  
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 Appendix D5 

 

Management of subacromial disorders of the shoulder 
(MASTER Trial) 

Principal Investigator: Dr Daniel Cury Ribeiro daniel.ribeiro@otago.ac.nz,  Tel: 03 479-7455  

CONSENT FORM FOR PARTICIPANTS 
Following signature and return to the research team this form will be stored in a secure place 
for ten years.  

  

Name of participant: …………………………………………..  
  

1. I have read the Information Sheet concerning this study and understand the aims of this 
research project.  

2. I have had sufficient time to talk with other people of my choice about participating in the 
study.    

3. I confirm that I meet the criteria for participation which are explained in the Information 
Sheet.  

4. All my questions about the project have been answered to my satisfaction, and I 
understand that I am free to request further information at any stage.   

5. I know that my participation in the project is entirely voluntary, and that I am free to 
withdraw from the project at any time without disadvantage.  

6. I know that as a participant, I will attend 16 physiotherapy sessions (twice a week during 
8 weeks) at the Physiotherapy Clinic - School of Physiotherapy, University of Otago.   

7. I know each treatment session will take approximately 1 hour.  
8. I know that I am required to perform my exercises at home once a day.   
9. I know that I will be assessed at the beginning of the study and at four, eight and twelve 

weeks after the start of the treatment.   
10. I am aware that during the treatment period I should not seek other treatment (e.g., 

acupuncture, shoulder injection, chiropractic), and if I do, I need to report it to the 
research team (for their records).  
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11. I know that when the project is completed, all personal identifying information will be 
removed from the paper records and electronic files which represent the data from the 
project, and that these will be placed in secure storage and kept for at least ten years.   

12. I understand that the results of the project may be published and be available in the 
University of Otago Library, and understand that any personal identifying information 
will remain confidential between myself and the researchers during the study, and will not 
appear in any spoken or written report of the study.   

13. I know that no commercial use will be made of the data.   
  

 

Signature of participant:                             Date:  

 

Name of person taking consent                                   Date 
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Appendix D6  

Note: Physiotec granted us permission to use exercise images from their exercise database 
(https://www.physiotec.ca/index.php). 

 

 

 

 

https://www.physiotec.ca/index.php
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Appendix D7 

Note: Physiotec granted us permission to use exercise images from their exercise database 
(https://www.physiotec.ca/index.php). 

 

https://www.physiotec.ca/index.php
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 Postero-lateral GH MWM during scaption 

 

As described by  

Hing, W. (2020). The Mulligan concept of manual therapy: textbook of techniques. 
Chatswood, NSW: Elsevier. 
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GH MWM during HBB (inferior glide) 

Direction of force/ Movement: The therapist glides the head of the humerus in a caudal 
direction with respect to the glenoid fossa and simultaneously distracts the humeral head 
from the glenoid fossa while patient performs the movement of hand behind back. 

 

As described by  

Hing, W. (2020). The Mulligan concept of manual therapy: textbook of techniques. 
Chatswood, NSW: Elsevier. 

 

 

Modified Dynamic Relocation Test (3-5 sets of 10 sec hold) 

The clinician applies a gentle longitudinal traction at the humerus, while asking the patient to 
‘draw the arm into the socket’, counterbalancing the traction by retracting the. During the 
test, the clinician monitors which muscles are contracting, by palpating the contraction of 
subscapularis and superficial muscles (e.g. pectoralis major or the latissimus dorsi). The 
patient is deemed to have good control of the rotator cuff if no co-contraction of the 
pectoralis major or latissimus dorsi is observed during the test. 

 

As described by 

Ribeiro, D. C., Shemmell, J., Falling, C., & Sole, G. (2016). Shoulder muscle activity during 
the modified dynamic relocation test and side-lying shoulder external rotation: a cross-
sectional study on asymptomatic individuals. The Journal of Manual & Manipulative 
Therapy, 24(5), 277-284. doi: 10.1080/10669817.2016.1157945 

  

Dynamic rotary stability test (DRST)  

Aim: to evaluate the ability of rotator cuff to center the humeral head in the glenoid fossa. 

Test procedure: Participant sits and performs arm external rotation, against resistance 
(isometric or dynamic). The aim is to assess control of humeral head in ranges close to the 
range that participant reports pain.  
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Positive results: pain or excessive humeral head translation (anterior during external rotation, 
and posterior during internal rotation).  

 

As described by  

Magarey, M. E., & Jones, M. A. (2003). Specific evaluation of the function of force couples 
relevant for stabilization of the glenohumeral joint. Manual Therapy, 8(4), 247-253.  

 

Scapular upward rotation test   

Aim: to identify the weakness of serratus anterior.  

Test procedure: In side-lying position, therapist assesses scapular upward rotation. Therapist 
resists against patient’s arm elevation, external rotation and scapular upward rotation 
concurrently.  

Positive result: The therapist feels a sluggish response of scapula and more give to the 
movement. 

 

As described by  

Magarey, M. E., & Jones, M. A. (2003). Dynamic evaluation and early management of 
altered motor control around the shoulder complex. Manual Therapy, 8(4), 195-206. 

 

Scapular weight bearing test  

Aim: To assess scapular control during weight bearing. 

Test procedure: Patient should protract and retract scapula without concurrent spinal 
movement.  

Positive test result: Thoracic extension (lordosis) with retraction, and thoracic flexion 
(kyphosis) with protraction and scapular winging. 

As described by  

Magarey, M. E., & Jones, M. A. (2003). Dynamic evaluation and early management of 
altered motor control around the shoulder complex. Manual Therapy, 8(4), 195-206. 
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Scapular holding ability  

Aim: The therapist should perform this test when participant is able to perform the previous 
test with good scapular control.  

 

Test procedure: Therapist asks participant to hold the 4-point kneeling position for two 
minutes to cause fatigue. Therapist then assess the scapular holding ability (mid-range) 
protraction. If participant can do it in 4- point kneeling, a more challenging 3-point kneeling 
position can be used (assess the weight bearing side).  

 

Positive test: Compensatory movements include: elbows into full extension, arms into end 
range rotation, trunk into forward position with passive scapular retraction or thoracic 
extension, increased lumbar lordosis, forward head posture or cervical flexion. 

 

As described by  

Magarey, M. E., & Jones, M. A. (2003). Dynamic evaluation and early management of 
altered motor control around the shoulder complex. Manual Therapy, 8(4), 195-206. 
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Appendix D11 

Note: Physiotec granted us permission to use exercise images from their exercise database 
(https://www.physiotec.ca/index.php). 
 

 

https://www.physiotec.ca/index.php
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Scapular Taping for postero-lateral glide 

Start the tape on the anterior aspect of the humeral head crossing the acromion lateral 

to the acromioclavicular joint, ending at the inferior border of the scapula. Therapist 

glides the humeral head posteriorly when applying the tape. Take care not to apply too 

much tension initially at the humeral head as the skin is liable to breakdown. 

 

As described by: 

Teys P, Bisset L, Collins N, et al. One-week time course of the effects of Mulligan’s 

Mobilisation with Movement and taping in painful shoulders. Manual therapy 

2013;18(5):372-77. doi: 10.1016/j.math.2013.01.001 

 

Hing W, Hall T, Rivett DA, et al. The Mulligan Concept of Manual Therapy: Textbook of 

Techniques: Elsevier Health Sciences 2015. 
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Note: Physiotec granted us permission to use exercise images from their exercise database 
(https://www.physiotec.ca/index.php). 
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