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Abstract 

Background and research questions 

Shoulder pain disorders are commonly seen in clinical practice with one in four 

individuals reporting an episode of shoulder pain at some stage during their life. 

Shoulder pain can become persistent and disabling. Current literature does not provide 

robust clinical guidelines for the best management of shoulder pain.  

Shoulder surgery has dramatically increased in popularity over recent decades, with 

rising trends evident in many countries. It is likely that Australia follows the same global 

trends, however shoulder surgery trends in Australia have not been reported. There is also 

a lack of robust criteria to inform the decision for shoulder surgery, with surgeons in the 

USA and UK lacking agreement regarding surgical indications. It is likely that Australian 

surgeons also have disparate opinions, however surgical indications in Australia have not 

been reported. Efficacy for some shoulder surgical procedures has also been questioned. 

Added to this complexity is current evidence underpinning a biopsychosocial approach 

to musculoskeletal pain. Shoulder surgery targets the structural aspects of shoulder pain. 

Other factors, such as health comorbidities, social, lifestyle, psychological factors and 

patient expectations have more recently been considered important factors in a 

biopsychosocial understanding of shoulder pain. These factors may also be associated with 

surgical outcomes. Outcome after shoulder surgery has been measured by a range of 

different metrics across shoulder studies. There is a lack of consistency across studies for 

their use and which measures provide the most contemporary aspect of patient-centred care. 

Therefore, the aims of this thesis are: 

1. To investigate the trends and associated costs over time of shoulder surgery for 

rotator cuff disease undertaken in Western Australia during the 13-year period 

2001-2013; 

2. To survey Western Australian shoulder surgeons for opinions regarding indications 

for shoulder surgery, clinical tests commonly used to aid surgical decision-making, 

intra-operative findings predictive of outcome and what constitutes a successful 

surgical outcome;  
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3. To explore the existence of clusters with different profiles of psychological 

measures in patients undergoing shoulder surgery and test if membership of 

psychological clusters is associated with pain and disability outcomes up to one year 

after surgery; 

4. To investigate the association between three different aspects of patient-centred 

outcome one year after shoulder surgery, and also the association of these outcomes 

with psychological factors and other factors previously identified as being 

associated with outcomes after shoulder surgery. 

Study 1: Rising trends in surgery for rotator cuff disease in Western Australia 

The following research questions were addressed in Study 1: 

i. Are shoulder surgery trends for rotator cuff disease in Western Australia similar to 

previous reports of rising surgical trends worldwide? 

ii. Are surgical trends similar across hospital setting, gender and age? 

iii. What are the increases in health care costs as a result of rising surgical trends? 

Methods: Numbers and costs for surgical procedures for rotator cuff disease performed 

in WA were extracted from the WA Department of Health database for the 13-year 

period, 2001–2013. 

Results: Rising surgical trends were demonstrated with arthroscopic subacromial 

decompression (ASAD) and arthroscopic reconstruction showing large proportional 

increases of 108.7 and 68.4%, respectively. Increasing trends were mostly linear across 

hospital setting, gender and age. The rise in consumer price index-adjusted costs for 

ASAD in private and public hospitals was 273.7 and 320.8%, respectively, and for 

arthroscopic reconstruction 220.2 and 472.5%, respectively. 

Conclusions: The substantial increase in arthroscopic surgery rates for rotator cuff disease 

and associated costs in WA over the period 2001–2013 is in spite of evidence that surgical 

outcomes are no different to exercise interventions. Conservative treatments should be 

recommended as an initial treatment choice, to arrest escalating health care costs. 
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Study 2: Rotator cuff disease: opinion regarding surgical criteria and likely 

outcome  

The following research questions were addressed in Study 2: 

i. What are Western Australian shoulder surgeons’ opinions regarding: indications for 

shoulder surgery for rotator cuff disease; utility of physical examination tests; tests 

commonly used to aid decision-making for surgery; findings at surgery that are 

predictive of outcome and what constitutes a successful outcome of surgery? 

Methods: An anonymous rotator cuff survey, previously reported by the American 

Academy of Orthopaedic Surgeons, was emailed to all surgeons listed with the 

Australian Orthopaedic Association in Western Australia. Surgeons who treated patients 

for rotator cuff disease during the previous 12 months were invited to complete the 

rotator cuff survey and five additional questions were included to capture the above 

criteria of interest. 

Results: Within a close community of surgeons based in Western Australia (n = 23) 

considerable heterogeneity exists in surgical decision-making criteria. A successful 

surgical outcome was considered to include reduced pain levels, restoration of 

movement and function and gains in muscle strength. 

Conclusions: Research is required to inform robust clinical practice guidelines for 

rotator cuff surgery. Identification of prognostic factors for successful surgical 

outcome is imperative. 

Study 3: Are psychological factors associated with shoulder scores after 

rotator cuff surgery? 

The following research questions were addressed in Study 3 

i. Are there identifiable clusters (based on psychological functioning measures) in 

patients undergoing shoulder surgery? 

ii. Is poorer psychological functioning associated with worse outcome (American 

Shoulder and Elbow Surgeons [ASES] score) up to one year after shoulder surgery? 

Methods: A prospective cohort study investigated patients undergoing shoulder 

surgery for rotator cuff related shoulder pain or rotator cuff tear by one of six surgeons 

between January 2014 and July 2015. Inclusion criteria were patients scheduled for 

surgery for rotator cuff repair with or without subacromial decompression and 
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arthroscopic subacromial decompression only. One hundred twenty-four patients who 

underwent shoulder surgery (46 of 124 [37%] female; median age, 54 years [21 to 79 

years]) completed four psychological measures before surgery: Depression, Anxiety and 

Stress Scale; Pain Catastrophizing Scale; Pain Self-Efficacy Questionnaire; and Tampa 

Scale for Kinesiophobia. The existence of clusters of people with different profiles of 

affective and cognitive factors was investigated using latent class analysis, which 

grouped people according their pattern of scores on the four psychological measures. 

Resultant clusters were profiled on potential confounding variables. The ASES score 

was measured before surgery and 3 and 12 months after surgery. Linear mixed models 

assessed the association between psychological cluster membership before surgery and 

trajectories of ASES score over time adjusting for potential confounding variables. 

Results: Two clusters were identified: one cluster (84 of 124 [68%]) had lower scores 

indicating better psychological functioning and a second cluster (40 of 124 [32%]) had 

higher scores indicating poorer psychological functioning. Accounting for all variables, 

the cluster with poorer psychological functioning was found to be independently 

associated with worse ASES score at all timepoints (regression coefficient for ASES: 

before surgery -9 [95% confidence interval {CI}, -16 to -2], p = 0.011); 3 months after 

surgery -15 [95% confidence interval {CI}, -23. to -8], p < 0.001); and 12 months after 

surgery -9 [95% confidence interval {CI}, -17 to -1], p = 0.023). However, both clusters 

showed improvement in ASES score from before to 12 months after surgery, and there 

was no difference in the amount of improvement between clusters (regression coefficient 

for change in ASES: cluster with poorer psychological function 31 [95% confidence 

interval {CI}, 26 to 36], p < 0.001); cluster with better psychological function 31 [95% 

confidence interval {CI}, 23 to 39], p < 0.001). In addition, membership of the cluster 

with poorer psychological functioning was associated with smoking (p=0.050), an active 

workers compensation claim (p<0.001), higher levels of pain and disability (p<0.001), 

less confidence that surgery would improve symptoms (p=0.002). 

Conclusions: Patients who scored poorly on a range of psychological measures before 

shoulder surgery displayed worse ASES scores at 3 and 12 months after surgery. 

Screening of psychological factors before surgery is recommended to identify patients 

with poor psychological function. However, further research is needed to determine the 

optimal management for patients with poorer psychological function to improve pain 

and disability levels before and after surgery. 
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Study 4: Different aspects of patient-centred outcome after shoulder surgery 

are similarly associated with psychological status before surgery 

The following research questions were addressed in Study 4 

i. What is the association between three different aspects of patient-centred outcome 

(patient-reported pain and disability change, global rating of change, satisfaction)? 

ii. Are psychological factors, and other factors previously associated with outcomes, 

similarly associated with each of the three measures of patient-centred outcome? 

Methods: One hundred and fifty three patients scheduled for shoulder surgery 

completed a survey measuring factors from multiple dimensions (psychological, 

demographic, health, lifestyle, social, pain and disability) before surgery. Aspects of 

patient-centred outcome measured at 12 months after surgery were: change in pain and 

disability (using; American Shoulder and Elbow Surgeons score, Disabilities of the Arm, 

Shoulder and Hand, Shoulder Pain and Disability Index); global rating of change; and 

patient satisfaction. Correlations between the three aspects of patient-centred outcome 

were assessed, and multivariate regression analysis was used to determine and compare 

associations of each factor measured before surgery with the three aspects of outcome. 

Results: All three aspects of patient-centred outcome were moderately to strongly 

associated with each other (pain and disability change and global rating of change r=0.63, 

p<0.001; pain and disability change and satisfaction r=0.71, p<0.001; satisfaction and 

global rating of change r=0.81, p<0.001). After adjustment for potential confounding 

factors, depression, anxiety and stress symptomatology, pain self-efficacy, confidence that 

surgery would relieve symptoms, and duration of symptoms were statistically significantly 

associated with one or more of the three aspects of patient-centred outcome (y-

standardised regression coefficients; -0.14 to 0.45, p-values; 0.007-0.048). There was no 

evidence, with the numbers available, that the strength of associations was different across 

the three aspects of outcomes for these factors, with the exception of weak evidence that 

pain self-efficacy may be more strongly associated with satisfaction and global rating of 

change than changes in pain and disability (p=0.051).  

Conclusion: Three different aspects of patient-centered outcome provide similar information 

regarding a good or poor outcome from the individual’s perspective at one-year after 

shoulder surgery. Depression, anxiety and stress symptomatology, pain self-efficacy, 

confidence in surgical outcome and symptom duration prior to surgery are associated with 

patient-centred outcome measures one year after surgery. Screening and targeting of 

psychological factors prior to surgery is warranted and may improve outcomes. 
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Overall conclusions: 

The findings of this thesis highlight the increasing trend for shoulder surgery and 

associated costs in Western Australia, the lack of consensus amongst surgeons regarding 

decision making processes for shoulder surgery and the role of psychological factors in 

outcomes of shoulder surgery. Together these findings highlight the need for a 

biopsychosocial approach to the screening, examination and management of people with 

shoulder pain. Evidence based guidelines are needed to assist decision making processes 

for the management of shoulder pain and in particular for shoulder surgery. 
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Chapter 1 Introduction 

Shoulder pain is one of the most common musculoskeletal complaints worldwide, 

with reported prevalence rates in the general population ranging from 7 to 24%.1 

Management options for shoulder pain are diverse with multiple pharmacological, 

conservative and surgical interventions reported. Despite the variety of management 

options available and the vast increase in published research investigating different 

interventions for shoulder pain over the past decade, the optimum management 

pathway for individuals with shoulder pain continues to be elusive. Evidence-based 

clinical guidelines for management are limited due to a lack of high quality evidence.2, 

3 Added to this complexity, is the difficulty in comparing outcomes measured 

differently across studies.  

Historically, management options for shoulder pain target the biological focus of 

pathology. Surgical management for shoulder pain has experienced dramatic increases in 

popularity over recent decades, with rising surgical trends evident in many countries.4-7 

It is likely that Australia follows the same global trends, however shoulder surgery 

trends in Australia have not been reported. Despite the increase in surgical rates, current 

evidence does not support that surgery provides superior outcomes over more cost 

effective and less risky conservative measures.8-10  

There is also a lack of robust criteria to inform which individuals make the best 

surgical candidates, with surgeons in the USA and UK lacking agreement regarding 

surgical indications.3 11, 12 It is likely that Australian surgeons also have disparate 

opinions, however, surgical criteria in Australia has not been reported. 

Current evidence underpins a biopsychosocial approach to musculoskeletal pain. 

Factors from multiple dimensions, including demographics, general health, social, 

lifestyle, psychological, physical and biological all have the potential to influence 

symptoms in musculoskeletal disorders. Despite contemporary management for 

musculoskeletal disorders such as knee osteoarthritis13 and low back pain14 embracing a 

biopsychosocial approach, this approach is not well utilized for shoulder pain. Shoulder 

surgery targets the biological dimension with the assumption that symptoms arise from 

pathology. Psychological factors are now being considered as potentially playing an 

important role in shoulder pain 15-19 and may be important in mediating outcome after 

shoulder surgery.20 
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Contemporary healthcare pathways not only advocate a whole person approach to 

management of conditions, but also outline the importance of individuals being active 

participants in the choice of intervention and healthcare process. This patient-centred 

approach to healthcare involves individuals in the decision-making process and also 

evaluates outcome from the individual’s perspective. A patient-centred assessment of 

outcome may be measured in a variety of ways, including patient-reported pain and 

disability measures, global rating of change and satisfaction, however it is not clear how 

these outcomes relate to each other.  

The studies in this program of research were designed to address the following 

research aims:  

1.1 Research aims 

1. To evaluate the current shoulder surgery trends in Western Australia; 

2. To examine current surgeon opinion regarding indications for shoulder surgery for 

rotator cuff disease; 

3. To explore 

i) the presence of clusters of psychological factors in individuals scheduled for 

shoulder surgery and their association with factors from multiple other 

dimensions; 

ii) the influence of psychological factors before surgery on outcome after shoulder 

surgery; 

4. To evaluate 

iii) the association between different aspects of patient-centred outcome; 

iv) if psychological factors, and other factors previously associated with one or 

more aspects of outcome, are similarly associated with each of the three aspects 

of patient-centred outcome. 

This chapter provides an overview of the literature pertaining to the development 

of each research question. The significance of each component in the program of 

research is discussed. The order of the studies is consistent with the order in which 

chapters 3 to 6 are presented. 
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1.2 Study 1 

What are the current shoulder surgery trends in Western Australia? 

1.2.1 Background 

Increasing rates of shoulder surgery have been reported over the past decade in a 

number of countries including the United States of America (USA),4, 5 United Kingdom 

(UK),6 and Denmark.7 The rising global trends toward surgery to treat shoulder pain 

worldwide is concerning, with surgery failing to elicit superior outcomes than conservative 

management8, 21 and the efficacy of some surgical procedures currently under question.8 It 

is not known if surgical trends in Australia are escalating at similar rates.  

1.2.2 Significance and novelty of the research 

This study aimed to estimate the surgical trends and associated costs over time of 

shoulder surgery undertaken in Western Australia (WA) during the 13-year period 2001-

2013. In addition, population-adjusted arthroscopic surgical trends were compared 

between private versus public hospital setting, gender and different age groups. 

Knowledge of the trends for shoulder surgery in Western Australia is important to 

determine if surgery rates in Australia are aligned with published global surgical trends.  

Regular monitoring of shoulder surgery trends are important and the identification of 

strategies to contain healthcare costs is necessary with increasing population age. 

1.3 Study 2 

What is current surgeon opinion regarding indications for shoulder surgery for 

rotator cuff disease in Western Australia? 

1.3.1 Background 

Surgical criteria for rotator cuff disease are not clear, with clinical practice 

guidelines and surveys of surgeon opinion outlining a lack of consensus between 

surgeons for the management of shoulder pain.3 11, 12 The lack of robust clinical 

guidelines is a result of limited high quality evidence.2, 3 Evidence-based clinical 

guidelines, surgeon education, surgeon personal experience and individual patient factors 

may inform surgical decision-making. Surgical views may be similar in the Australian 

orthopaedic community to previous reports from the USA and UK. 
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1.3.2 Significance and novelty of the research 

This study aimed to explore if Western Australian shoulder surgeon opinion is similar 

to previous reports from the USA and UK, regarding indications for shoulder surgery, 

physical tests most commonly used to support surgical decision-making, findings at 

surgery that may be predictive of outcome after shoulder surgery and opinion about what 

constitutes a successful outcome after shoulder surgery.  Knowledge of current Western 

Australian shoulder surgeon opinion regarding shoulder surgery indications is important. 

The continued lack of consensus for shoulder surgical criteria highlight an urgent need for 

models of care to be developed for the management of shoulder pain.  

1.4 Study 3 

i. Are there identifiable clusters (based on psychological functioning measures) in 

patients undergoing shoulder surgery? 

ii. Is poorer psychological functioning associated with worse outcome (American 

Shoulder and Elbow Surgeons [ASES] score) after shoulder surgery? 

1.4.1 Background 

Affective psychological factors, including depression and anxiety, are associated 

with longer duration of shoulder symptoms,15 higher levels of shoulder disability,16, 19 

and poorer quality of life.16 Cognitive psychological factors, including negative pain 

beliefs and catastrophizing,19, 22-25 kinesiophobia,23, 24, 26, 27 and low pain self-efficacy28, 29 

are associated with higher levels of shoulder pain and disability 24, 26, 28 and predictive of 

poor outcome or nonrecovery after conservative management.22-24, 27, 29 To date, shoulder 

surgery studies have only explored the association of affective psychological factors on 

outcome after shoulder surgery, with three studies 30-32 reporting no association and one 

study 20 reporting that depressed mood and anxiety before surgery was associated with 

greater pain and disability after shoulder surgery. The association of cognitive factors 

such as pain beliefs, catastrophizing, kinesiophobia, and self-efficacy with outcome after 

shoulder surgery has not been reported.  

1.4.2 Significance and novelty of the research 

This study aimed to explore if differential patterns of affective and cognitive 

psychological factors were evident in individuals undergoing shoulder surgery and 
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associated with pain and disability levels before and after surgery. This study found two 

different clusters of individuals with shoulder pain, with differing psychological profiles, 

that displayed higher levels of pain and disability before and after shoulder surgery. A 

comprehensive assessment of affective and cognitive psychological factors before 

shoulder surgery could identify patients with poor psychological function. Alternative 

management pathways may be beneficial to improve clinical outcomes. 

1.5 Study 4 

i. What is the association between three different aspects of patient-centred 

outcome (change in patient-reported pain and disability outcome measures, 

global rating of change, patient satisfaction)? 

ii. Are psychological factors, and other factors previously associated with one or 

more aspects of outcome, similarly associated with each of the three aspects of 

patient-centred outcome? 

1.5.1 Background  

Historically, outcome after shoulder surgery has been determined by metrics 

including clinical examination,33 imaging,34 complication rates35 and patient symptoms 

such as pain on a visual analogue scale.36 More recently, patient-centred care has gained 

greater importance and is considered the foundation of contemporary models of health care 

internationally, including those for musculoskeletal pain.37 A patient-centred assessment of 

outcome considers individual patient preferences, needs and values.38 Patient-centred 

outcome may be measured in a variety of ways, including the widely used patient-reported 

outcome measures, global rating of change and patient satisfaction. While these patient-

centred outcomes appear somewhat similar, there is no clear understanding how these 

outcomes relate to each other.  

Only a small number of factors are consistently reported to be predictive of outcome 

after shoulder surgery. Recent systematic reviews report that older age,39-41 an active 

workers compensation claim39, 41, 42 and higher levels of pain and disability41 before surgery 

are predictive of poor pain and disability outcome after shoulder surgery. However, there is 

emerging evidence that psychological factors,30-32 including cognitions related to surgery 

such as confidence in the outcome and expectations of surgery,43-45 are also associated with 

shoulder pain and disability and other outcomes after shoulder surgery. 
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1.5.2 Significance and novelty of the research 

This study aimed firstly to explore how strongly three different aspects of patient-

centred outcome (pain and disability, global rating of change and patient satisfaction) 

relate to each other and secondly to explore whether psychological factors, and other 

factors previously associated with one or more of these particular aspects of outcome, 

are similarly associated with all three aspects of outcome after shoulder surgery. 

Knowledge of the association between the three different aspects of patient-centred 

outcome may allow comparison between studies of outcome after shoulder surgery that 

utilize different outcome measures. 
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Chapter 2 Literature Review 

2.1 Prevalence and burden of shoulder pain  

Shoulder pain may arise from the shoulder joint or from surrounding muscles, 

ligaments and tendons. Shoulder pain has historically been considered under the 

biomedical model, where specific structures or pathology are considered to be the 

primary source of symptoms due to injury or disease. Occasionally shoulder pain can be 

referred from other structures, such as the spine or visceral organs. Shoulder pain is 

commonly associated with weakness, stiffness and disability and can often impact an 

individual’s ability to sleep comfortably, participate in recreational activities, complete 

occupational tasks1 or undertake activities of daily living.  

Prevalence and incidence rates of shoulder pain have been reported in a systematic 

review.2 Of eighteen studies included in the review, prevalence figures differed from 7 to 

26% for point prevalence, 19 – 31% for 1-month prevalence, 5 – 47% for 1-year 

prevalence and 7 – 67% for lifetime prevalence. Older age and being female increased 

the likelihood of shoulder pain prevalence in these studies. Prevalence rates in adults 

older than 70 years range from 13– 26% and younger than 70 years range from 7 – 

27%.2 With increasing prevalence associated with older age and a global ageing 

population, greater strain on healthcare budgets is a likely consequence. Older adults 

have an increased life expectancy, higher levels of physical activity in later decades of 

life and expectations for maintaining an independent and active lifestyle.3 Only one 

study investigating incidence rates was included in the systematic review2. The annual 

incidence for newly diagnosed cases of shoulder pain in the general population, in a 

previously pain-free population, was 1% for those aged 31 – 35 years, 2.5% for 42 – 46 

years, 1% for 56 – 60 years, 2% for those aged 70 – 74 years.4  

Shoulder disorders contribute significantly to the financial burden of musculoskeletal 

disease worldwide. The Global Burden of Disease (GBD) 2010 study5 identified five main 

musculoskeletal (MSK) diseases globally, categorised as osteoarthritis, rheumatoid 

arthritis, gout, low back pain and neck pain. The remaining musculoskeletal diseases were 

categorised into a group termed ‘Other MSK’ disorders6 with a global prevalence of 8.4% 

and considered a major contributor to global disability. Within the ‘Other MSK’ category 

shoulder pain was one of eight distinct areas of higher prevalence. This report 
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recommended that further shoulder specific data needed to be collected. The subsequent 

Global Burden of Disease (GBD) 2016 study7 reported a further increased global burden 

of musculoskeletal disease of nearly 15% from the previous 2010 study, however no 

specific shoulder data was reported in the latter study. Within Australia, The Australian 

Burden of Disease Study 20118 reported that musculoskeletal conditions ranked as the 

fourth leading contributor and that they were responsible for 12% of the total burden of 

disease and injury in Australia in 2011. However, specific data regarding the proportion of 

shoulder disorders within this musculoskeletal conditions classification was not available. 

In a South Australian population study, 22% of 3000 adults over 18 years in the North 

West Adelaide Health Study reported shoulder symptoms in either shoulder for most days 

for more than a month.9 

Specific reports of the burden of shoulder pain and disability in other countries are 

available. The Burden of Musculoskeletal Disease United States 2014 Report10 

determined from a National Health Survey 2012, that chronic shoulder pain was the 

second most common musculoskeletal complaint in the USA during 2012. A large UK 

population survey of 6000 male and female adults with an age range of 16 to 75 + years 

across three medical practices, reported that shoulder pain was the third most common 

musculoskeletal complaint.11 Persistent shoulder symptoms were also common in a 

further UK population study of 500 adults aged 18-75 years, reporting that for those 

individuals with shoulder pain, more than 54% of individuals reported ongoing shoulder 

symptoms three years after initial onset, with almost all shoulder pain cases also 

reporting ongoing physical or sleep related disabilities.12 These studies reinforce the 

significant burden of shoulder disorders to global healthcare systems. Work related 

shoulder pain presents an additional burden with significant time lost from work, sick 

leave1, lost productivity, impaired function and cost to healthcare systems.13  

Key points 

• Shoulder pain prevalence increases with age, posing a health concern given the 

global ageing population 

• Shoulder disorders are a significant contributor to the global burden of 

musculoskeletal disease 
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2.2 Factors associated with shoulder pain 

There have been a large number of shoulder studies over the past decade 

investigating factors that have a possible relationship with shoulder symptoms. Shoulder 

pain and disability has been reported to be associated with a broad range of factors from 

multiple dimensions including the demographic, health, social (including work), lifestyle 

(including sport), biological, physical and psychological dimensions (Figure 2.1). 

 

Figure 2.1 Model of a person with shoulder pain considering multiple interacting 

dimensions 

2.2.1 Demographic dimension 

Older adults report higher levels of shoulder pain and disability 14, 15 than younger 

adults, with some shoulder conditions such as rotator cuff pathology, considered to be 

normal correlates of ageing.14, 15 It is not clear whether the presence of pathology, that 
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is potentially age-related, is directly linked to shoulder symptoms. Gender differences 

are evident for shoulder pain with females demonstrating higher prevalence rates.2, 16 

Females experience increased levels of shoulder pain and disability than their male 

counterparts17-21 and more emotional disturbances with higher levels of frustration, 

depression and concern due to their shoulder problem, similar to other areas of 

musculoskeletal pain.17 For shoulder pain in the work environment, males are reported 

to be at greater risk of shoulder pain as a result of work involving vibration and 

repetitive movements, whereas women are reported to be at greater risk due to lifting 

heavy loads and working in awkward postures. 22  

2.2.2 Biological dimension 

The biological aspect of shoulder pain and disability is underpinned by a belief that 

structural pathology is the primary source of shoulder symptoms. For some individuals 

with shoulder disorders, biological factors may the primary source of symptoms 

following a traumatic event resulting in bone fractures, joint dislocations or acute tendon 

tear.23 Early surgery after trauma, within three weeks, has been previously recommended 

for optimal recovery of tendon repair24 and is a continued recommendation by healthcare 

providers today.25 However, this is only supported by weak evidence from clinical 

guidelines.26 The contribution of the biological dimension for insidious onset shoulder 

pain is less certain. Current evidence highlights the multidimensional nature of shoulder 

pain with multiple factors potentially associated with pain and disability. In some cases, 

initial shoulder symptoms may potentially be due to biological factors, such as 

subacromial bursitis, however the persistent nature of many shoulder disorders9, 12 can 

implicate factors from other dimensions, such as psychological factors.27-30 A longer 

duration of symptoms has been associated with greater shoulder pain and disability,31 

however it is not clear whether symptoms relate to biological factors or other 

multidimensional factors. For other cases, Dunn 32 showed that biological factors, such 

as rotator cuff tear severity, showed no correlation with pain level for a larger cross-

sectional study of atraumatic, symptomatic, full thickness rotator cuff tears.32 Further 

supporting that the biological dimension may be less important for persistent shoulder 

pain, is that poor rotator cuff tendon health has been shown in both symptomatic and 

non-symptomatic older individuals and is considered a normal correlate of ageing.33  
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2.2.3 Physical dimension 

Physical factors such as limitations in range of movement,18 23 strength deficits 18 23, 

34, 35 and altered patterns of movement118, 119 are associated with shoulder pain and 

disability. For individuals with shoulder pain, a limitation in active shoulder flexion is 

often observed. 43  Strength deficits may also be observed for individuals with shoulder 

pain. Lower levels of muscle strength have been associated with shoulder pain in the 

general population.43 Individuals with shoulder pain may adopt postures or move in 

patterns that may be provocative of symptoms, or alternatively are a consequence of 

symptoms.  Regardless of the cause or effect, they may continue to perpetuate shoulder 

pain and disability. Previous research in low back pain disorders has suggested that pain 

provocative movement patterns are suggestive of peripheral nociceptive pain 

mechanisms, rather than inflammatory or central pain mechanisms that may be a 

predictor of treatment outcome.36, 37   

2.2.4 Health dimension 

Higher levels of shoulder pain are associated with poor general health status and 

comorbidities 32 including obesity 38 39 40 and diabetes.41, 42 43 Obesity is risk factor for 

shoulder pain and has been associated with increased incidence of shoulder disorders in 

the work environment 44, 45 and predictive of upper limb tendinopathy in clerical and 

industrial workers.46 Higher adiposity levels are associated with elevated blood glucose, 

increased systemic lipids, high cholesterol levels and hypertension which are factors that 

can contribute to tendon disease through altered tendon vasculature, impaired healing 

and fatty deposition.38 39 The mechanism for the association of shoulder pain with 

obesity is likely to be multifactorial, which may include increased levels of adiposity 

potentially affecting an individual’s desire to participate in physical activity and opting 

for more sedentary activities47 or a reduction in physical activity potentially contributing 

to the accumulation of adipose tissue.48 49   

Diabetics are at increased risk of developing shoulder pain 41, 42 and report a higher 

incidence of shoulder stiffness.43 The direct mechanism for this association is not clear and 

may relate to factors associated with obesity, or to changes in the structural morphology of 

tendon tissue due to factors such as poorly controlled or elevated blood glucose levels or 

mechanical derangement in collagen tendon tissue.39 Diabetic individuals fail to improve 

to the same degree as non-diabetics following shoulder surgery.50, 51  
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2.2.5 Social dimension 

Individuals with a lower education level 32, 52 report greater pain severity and higher 

levels of disability. In workers, a lower level of education has been reported to pose an 

increased risk of non-traumatic shoulder disorders and permanent disability after 

surgery.52 This finding may relate to higher physical work demands, limited access to 

healthcare or a lack of understanding of their shoulder problem.52 

An active workers compensation claim is associated with greater shoulder pain 

severity 19, 20 and with higher levels of disability before and after surgery.53 A recent 

systematic review showed that compensation status of an individual undergoing shoulder 

surgery is a positive predictor of poor functional outcome54 which may be due to factors 

such as reporting of elevated pain levels, a litigation process or work-related issues such 

as work satisfaction or motivation. 

2.2.6 Lifestyle dimension 

Higher levels of shoulder pain are associated with smoking 19, 42, 55, 56 and there are 

mixed reports for the association with alcohol use.57 Smokers report greater shoulder pain 

severity, reduced functional capacity and greater risk for poor tendon health in the shoulder, 

19, 42, 55, 56, 58 as has been reported for a range of musculoskeletal conditions.59-61 The 

mechanism for this association is not clear, however smoking may lead to physiological 

changes potentially increasing pain sensitivity and pain perception, accelerated bony 

degeneration and delayed tissue healing.62 Cadaveric studies support these findings with 

poor rotator cuff tendon health observed in a greater number of cadavers with a history of 

smoking, supporting that smoking may facilitate tissue failure and an impaired healing 

response.63 Smoking is also associated with other factors, such as obesity47 and 

psychological factors such as depression, anxiety and chronic pain conditions, whereby 

smoking may be a means to cope with pain and psychological distress.60, 61  

The association of alcohol consumption and shoulder pain is uncertain, with one 

study reporting excessive alcohol consumption was a risk factor for shoulder pain and 

poor tendon health in both males and females57 and other studies reporting no association 

between alcohol consumption and shoulder pain.42 64 The effects of excess alcohol intake 

may relate to poor tissue health as a consequence of impaired vascularisation, however 

there is a lack of robust evidence available to make this definitive association. 
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Demands placed on the shoulder can vary according to age, gender, occupation, 

sport and other recreational pursuits. The shoulder facilitates skills ranging from 

positioning the hand for daily function through to highly skilled sporting or occupational 

activities, often performed under load or at high velocity.65  Sports such as throwing 66 or 

swimming 67 place the shoulder at an increased risk of injury due to repetitive overhead 

motions.65 Occupations such as labourers or factory workers may undertake duties 

involving repetitive or sustained overhead tasks, lifting heavy loads, forceful overhead 

exertions and exposure to vibration, all known to be risk factors for shoulder pain.68 

Highly skilled workers such as ophthalmologists and dentists are also prone to shoulder 

pain due to undertaking work tasks characterised by relatively low muscular efforts that 

are sustained or repetitive in nature. The cumulative effect of sustained posture over time 

poses a significant additional risk factor 69 that may relate to muscular fatigue, or work 

stress due to time pressures. Thus, multiple factors have the potential to influence the 

prevalence and severity of shoulder pain and disability in the work environment, with 

recurrence and persistent symptoms common. 

2.2.7 Psychological dimension 

Affective and cognitive psychological factors are associated with chronic shoulder 

pain and disability 27-30, 70 as has been similarly reported for other musculoskeletal 

conditions,71 low back pain,37, 72-75 neck pain,76 knee osteoarthritis77 and elbow and hand 

conditions.78-80  

Affective psychological factors, including depressed mood, anxiety and stress, relate 

to a mental process in which disturbance of mood is the primary symptom. For 

individuals with shoulder disorders, affective psychological factors have been 

investigated in a small number of recent studies, with depressed mood associated with 

longer duration of symptoms,27 higher disability levels,28 greater pain severity30 and 

poorer quality of life.28 Cho 27 reported higher prevalence of depression and anxiety in 

people with shoulder pain compared to healthy individuals and Wolfensberger 30 

reported higher levels of depressive symptoms were associated with higher levels of 

shoulder pain and disability. For individuals scheduled for shoulder surgery, both Cho 28 

and Potter 29 reported an association of higher levels of depression and anxiety with 

greater pain and disability levels and worse quality of life. Badcock 81 reported that 

anxiety and depression were more strongly associated with shoulder disability than pain 

severity, highlighting that both pain and disability affect psychological health. The 
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mechanism behind this relationship may reflect emotional distress due to a perception 

that shoulder pain is unpredictable, uncontrollable and impacting on quality of life, 

restricting recreation and activities of daily living. 

Cognitive psychological factors, such as kinesiophobia, pain catastrophizing and 

pain self-efficacy relate to a mental process in which understandings, beliefs and 

attitudes frame thought processes. Cognitive psychological factors, including negative 

pain beliefs and catastrophizing,30, 73, 82-84 kinesiophobia,82, 83, 85, 86 and low pain self-

efficacy,87, 88 are associated with higher levels of shoulder pain and disability 83, 85, 87 and 

predictive of poor outcome or nonrecovery after conservative management.73, 82, 83, 86, 88 

The mechanism for this association may relate to a hesitancy to move due to a fear that 

movement may exacerbate symptoms or a fear of causing damage to underlying 

structures, as has been similarly reported in individuals with low back pain.89 Other 

important aspects of cognitive psychological functioning relate to patient expectations 

and confidence in the outcome of an intervention. Greater patient expectations before 

surgery are associated with improvement in pain and disability levels from before to 

after shoulder surgery13, 14 and greater patient satisfaction after shoulder surgery.17, 18 

Patient confidence in the outcome of surgery, not previously explored for shoulder 

surgery, also relates closely to cognitive psychological functioning, in terms of 

expectations and beliefs.  

The mechanism for the association of psychological factors with shoulder pain and 

disability is not clear. Campbell suggests that most psychological factors are associated 

with pain incidence and once pain is removed, so are psychological factors.90 

Conversely, Taylor suggests that an increased incidence of psychological factors is 

followed by the development and maintenance of musculoskeletal pain.91 Anxiety and 

depression may potentially be a risk factor for the development of shoulder pain, as has 

been reported for other musculoskeletal conditions.75, 77 Alternatively, persistent shoulder 

pain may place individuals at greater risk of developing anxiety, depression, pain 

catastrophizing, kinesiophobia or low pain self-efficacy due to the ongoing nature of 

pain and associated disability.  An understanding of subgroups of patients with shoulder 

pain, with differing psychological profiles, may inform targeted management strategies 

prior to surgical management.  

Conceptual overlap between affective and cognitive factors has been reported in 

chronic musculoskeletal pain,92 low back pain75, 93 and knee osteoarthritis77 and may 

reflect a level of general psychological distress. However, there may be distinctions 
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between these factors that are important with regard to the drivers of pain and disability 

before and after shoulder surgery. Conceptual overlap versus distinction of 

psychological disorders was explored in a study by Rabey,75 in which people with 

chronic low back pain were grouped statistically (clustered) according to their individual 

pattern across a number of different measures of affective and cognitive psychological 

functioning. Three psychological clusters were identified75: one cluster scoring low on 

all affective and cognitive measures representing better psychological functioning, 

another scoring high on cognitive measures only, and one scoring high across all 

affective and cognitive measures, representing poorer psychological function. The latter 

cluster was associated with greater levels of tissue sensitivity, pain responses to 

movement, more pain areas and a higher number of comorbidities.75 Conceptual overlap 

of psychological factors for individuals with shoulder pain has not been well explored. 

Only one recent study by Wolfensberger 30 reported that depressive symptoms and pain 

catastophizing were more strongly associated with worse shoulder pain and disability 

than biological factors. A greater understanding of the influence of psychological factors 

in shoulder pain, and any distinction between them, may allow psychologically-based 

interventions to be implemented in the management pathway. 

Key points 

• Individuals with affective psychological factors, relating to moods and emotions, 

display greater shoulder pain severity, higher levels of disability and   poorer quality 

of life 

• Cognitive psychological factors, relating to thoughts and beliefs, are associated with 

greater levels of pain and disability and poorer outcome after conservative management 

• The conceptual distinction of affective and cognitive factors in people with shoulder 

pain and disability has not yet been explored 

2.3 Biomedical model of shoulder pain 

The biomedical model of shoulder pain focuses on structural pathology as the primary 

source of symptoms, with assessment, diagnosis and management based on a strong belief 

that shoulder pain is driven predominantly by pathoanatomical changes.  Within this 

biomedical model, shoulder pain is believed to arise from multiple structures including 

bone, muscle, tendon, ligament and bursae, or conditions, such as rotator cuff tendinopathy, 

glenohumeral joint osteoarthritis, instability, synovitis, capsulitis or acromioclavicular joint 
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problems.94 However, current evidence indicates that differentiation between multiple 

structures in the shoulder, and the different pathological entities that potentially exist for 

those structures, is not possible even for experienced clinicians.95 

Rotator cuff disorders, rotator cuff disease and rotator cuff related shoulder pain are 

interchangeable terms that account for the majority of shoulder diagnoses seen in clinical 

practice under the biomedical model, with prevalence rates as high as 85%96 of all 

shoulder disorders. To add further complexity, within the realm of rotator cuff disorders, 

multiple diagnostic labels have been used including subacromial bursitis, rotator cuff 

tendinopathy, partial and full thickness rotator cuff tears. There is no uniform agreement 

regarding the stages of pathology for rotator cuff disorders, which are difficult to define 

and not able to be differentiated by clinical signs alone. Equivalent findings in the 

pathological processes, patient history and clinical examination have been reported for 

patients presenting with both subacromial impingement, rotator cuff tendinopathy, 

partial and full thickness rotator cuff tears, making clinical differentiation complex.97  

Early views for the pathogenesis of rotator cuff disorders related to a belief that 

external mechanical compression of the rotator cuff tendons and subacromial bursa was 

caused by the coracacromial arch or altered acromion morphology,98, 99 leading to 

subsequent tendon or bursal impingement and trauma to the rotator cuff tendons.98, 99 

These early views resulted in a dramatic increase in shoulder surgery in an attempt to 

provide more space for subacromial structures and rotator cuff tendon repair. However, 

these early proposed mechanisms have since been refuted, with the external acromial 

impingement model now not considered to be the primary pathological process.95   

A more contemporary view of pathogenesis of rotator cuff disorders is intrinsic 

tendon failure as the result of a degenerative process.100 Early tendon failure can be 

manifested by the tendon demonstrating increased tenocyte numbers and water retention, 

leading to tendon swelling, potentially resulting in subacromial impingement.101 

Advanced tendinopathy, indicating more advanced tendon disease, results in breakdown 

in tendon structure, with progression to a thickened degenerative tendon and tendon 

tears.101 A partial thickness tear suggests partial disruption of tendon fibres, whereas a 

full thickness tear suggests complete disruption of tendon fibres with the potential of 

tendon fibre retraction. The intrinsic tendon failure view purports the primary 

pathological process causes swelling, thickening or tears of the rotator cuff tendons, with 

ensuing upward pressure on the bursa, acromion and coracoacromial ligament.95  Despite 

a more advanced understanding of intrinsic tendon failure over the past decade, surgical 
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rates have continued to rise.  Under the extrinsic or the intrinsic pathogenesis model, the 

rationale for surgical procedures such as subacromial decompression to increase the area 

in the subacromial space for the rotator cuff tendons and bursa is not supported by 

current evidence.102, 103 

The natural history of rotator cuff disorders is not clear with many studies reporting 

the presence of rotator cuff tears in asymptomatic populations, suggesting the presence 

of structural pathology may be insignificant.14, 104, 105 In addition, as there are high 

prevalence rates of rotator cuff tears, with no associated functional deficits, reported in 

asymptomatic older adults,106 rotator cuff tears appear to be a normal correlate of 

aging.14, 15 Magnetic resonance imaging demonstrates rotator cuff tears in up to 50% of 

asymptomatic individuals over the age of 60 and as high as 80% over the age of 80.14, 33 

These findings importantly indicate that when an individual presents to a healthcare 

provider with shoulder pain, a structural deficit observed on imaging may or may not be 

a major contributor to symptoms.105, 107  

Interventions such as shoulder surgery are undertaken to correct structural deficits 

under the biomedical model, however if non-biological factors contribute to symptoms, 

surgery may fail to provide a benefit. In addition, improvement in shoulder pain after 

surgery cannot solely be attributed to tendon repair, with a recent meta-analysis outlining 

that shoulder pain and disability consistently improve after rotator cuff repair despite 

evidence of failed healing.108 Other factors such as placebo, enforced rest or 

rehabilitation may also play an integral part in improved pain and disability levels after 

surgery. This lack of correlation between structural integrity and shoulder pain 

contributes to the uncertainty surrounding optimum management for many shoulder 

disorders. Surgeons may also recommend rotator cuff repair surgery with the view that 

small rotator cuff tears may progress and enlarge to become substantial tears that may 

become irreparable.109 In addition, concerns that approximately half of asymptomatic 

rotator cuff tears become symptomatic over time 110 or increase in size 111 112 may 

contribute to early surgical recommendations. However as current evidence also supports 

that shoulder pain is multifactorial, symptom onset may or may not relate to an increase 

in tear size, and rather, may relate to other non-biological factors.  

2.3.1 Diagnostic labels for shoulder pain 

Historically, diagnosis of the cause of shoulder pain is based on a combination of 

clinical history, clinical examination findings and diagnostic imaging.113 This diagnostic 
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approach has a focus on assessing specific structures in the shoulder as possible sources 

of symptoms.  

Clinical history is an integral component of assessment for shoulder pain with 

factors such as history of trauma, duration of symptoms, pain level and functional 

impairment among the factors considered most relevant.114 However, as shoulder pain 

may be mediated and moderated by variables from multiple other dimensions such as 

demographics, health co-morbidities, social and lifestyle factors, physical factors and 

psychological factors, clinical history must encompass clinical assessment across 

multiple dimensions.28, 29, 115   

Current evidence indicates that clinical examination using orthopaedic tests does not 

reliably differentiate between shoulder disorders, nor confirm that specific structures are 

a source of symptoms. Recent systematic reviews report that clinical test findings alone 

are not reliable indicators of specific pathology due to poor diagnostic specificity.116-118  

Diagnostic imaging is frequently undertaken for shoulder disorders and may further 

complicate the diagnostic process.  Structural abnormalities in the shoulder may be 

detected that are not correlated with patient symptoms.107, 119 These imaging findings in 

turn lead to diagnostic labels such as rotator cuff tendinosis, partial or full thickness 

rotator cuff tear, calcific tendinopathy, and subacromial bursitis, with no firm evidence 

that these pathological entities are a source of symptoms for the individual. These 

diagnostic labels may have significant implications for engagement with, and the success 

of conservative management such as physiotherapy,120 if individuals believe their 

symptoms relate to pathology such as rotator cuff tear. An added associated risk with the 

increased use of imaging is the perception by both individuals with shoulder pain and 

their healthcare providers to pursue interventions such as surgery, based on potentially 

incidental findings observed on such readily accessible imaging. 

A diagnostic approach utilising imaging and clinical examination has merit to 

provide evidence of specific pathology, such as fractures or displaced glenohumeral joint 

dislocation, for acute or sub-acute onset of shoulder pain following a history of trauma. 

However, these diagnostic measures have less utility in shoulder pain of insidious onset 

and chronic shoulder pain, as the evidence to support the association of shoulder pain 

with specific shoulder disorders is limited32, 107 and contemporary evidence supports the 

multidimensional nature of shoulder pain.  
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Key points 

• The biomedical model underpins that structural pathology is the primary source of 

symptoms  

• Natural history and pathogenesis of rotator cuff disorders is uncertain 

• Surgery targets structural pathology and does not consider the multidimensional 

aspect of shoulder pain 

• Orthopaedic tests are not reliable indicators of specific pathology, nor do they 

confirm that specific structures are a source of shoulder symptoms  

• Diagnostic imaging may detect structural abnormalities in the shoulder that are not 

correlated with symptoms 

2.4 Biopsychosocial model of shoulder pain 

Contemporary management of musculoskeletal pain supports a biopsychosocial 

approach to pain, with the pain experience variable among individuals due to social, 

cultural, environmental, psychological and genetic factors, with all having the potential 

to contribute to the pain experience.84 The biopsychosocial approach acknowledges the 

different dimensions that can contribute to an individual’s pain experience. 

Consideration of the multidimensional aspects of shoulder pain is important, even in 

instances where trauma is associated with onset of shoulder symptoms. In the absence of 

a clear cause of symptom onset (insidious), this biopsychosocial approach becomes even 

more important, as pathoanatomic factors are less likely to explain symptoms. While 

there is broad clinical evidence and contemporary models of care that support this 

approach, the traditional biomedical approach to assessment and diagnosis of shoulder 

pain persists in clinical practice.25 For shoulder research, vast numbers of studies over 

the past decade measuring outcome after shoulder surgery, or prognostic factors for 

successful surgical outcome have a primary focus on structural pathology and tendon 

repair under the biomedical model.  

Pain is complex, and may be a measure of potential threat rather than tissue 

damage,121, 122 with greater pain severity associated with greater perceived threat.122 

Management of shoulder pain under a purely biomedical model that aims to treat tissue 

damage does not adequately address this complex nature of pain.123 A shift towards the 

assessment, diagnosis and management of shoulder disorders under a more 

contemporary biopsychosocial model is needed, where the focus is directed towards 

managing shoulder symptoms and not shoulder structural pathology. 
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Key points 

• Contemporary evidence supports that shoulder pain is multidimensional, supporting 

the biopsychosocial model 

• The biomedical model continues to underpin the assessment, diagnosis and 

management of shoulder disorders 

• A shift towards the assessment, diagnosis and management of shoulder disorders 

under the biopsychosocial model is needed 

2.5 Management of shoulder pain 

Shoulder pain can be managed conservatively or surgically. Conservative 

management options range from pharmacology, injection therapy, physiotherapy and 

exercise therapy. Surgical management can take the form of an open, mini-open or 

arthroscopic surgery with various procedures possible to address potential structural 

defects in bone, muscle, tendon, capsule or ligament.  For fractures or joint dislocations 

in the shoulder, published guidelines inform early intervention and management for 

some shoulder disorders such as fractures in adults124 and glenohumeral joint 

dislocations in young adults.125 For rotator cuff disorders, clinical guidelines for 

management based on current evidence are available, however they provide inconclusive 

evidence for optimum management.26 

2.5.1 Conservative management 

Conservative (non-surgical) treatments for shoulder pain are rarely used in isolation 

and clinical guidelines for evidence based conservative management are lacking. A 

model of care for the conservative management of rotator cuff disorders in the workplace 

has been reported126 and provides 32 recommendations to assist health care providers 

make informed decisions regarding management and optimized recovery.  

Pharmacological interventions, such as paracetamol or non-steroidal anti-

inflammatory medication (NSAIDs), are commonly used in the management of shoulder 

pain, to facilitate resumption of usual activity and undertake an appropriate rehabilitation 

exercise program. Persistent and more severe pain may have adverse psychological and 

physiological side effects that can impact recovery and necessitate additional pain 

management. The workplace model of care recommends initial paracetamol for mild to 

moderate shoulder pain and NSAIDs alone or in combination with paracetamol for acute 

shoulder pain.126 



 

26 

Injection therapy is commonly used both as a treatment and diagnostic tool in the 

management of shoulder pain. Efficacy for injection therapy is varied, with cortisone 

injection reported to provide limited short-term benefit127 and  platelet-rich plasma no 

benefit128 for the management of rotator cuff disorders.  The workplace model of care 

recommends that a subacromial cortisone injection combined with local anaesthetic may 

be beneficial for workers with persistent pain, or those who fail to progress after an 

exercise therapy program.126 However, the long term results of cortisone injection are 

reportedly equivocal, and no better than other conservative measures.127 

Physiotherapy management with targeted exercise therapy is a useful conservative 

measure in the management of shoulder pain, with current evidence supporting exercise 

therapy for shoulder pain due to subacromial pain syndrome 129, 130 and rotator cuff 

tears.3 Two recent systematic reviews exploring exercise therapy for full thickness 

rotator cuff tears and rotator cuff tendinopathy report marked heterogeneity amongst the 

studies reviewed with regards to outcomes measured, inclusion criteria and exercise 

prescription, making meta-analysis not possible.131, 132 Ainsworth131 reported low level 

evidence from 8 observational case series and two single case series, to support exercise 

therapy in the management of full thickness rotator cuff tears. Littlewood132 reported 

findings from 12 studies included in the review, that there was no evidence that one form 

of exercise was superior to others, however resistance exercise was considered an 

integral component of exercise therapy. In a large prospective cohort study, Kuhn133 

showed that a specific physiotherapy protocol was effective for treating individuals with 

atraumatic full thickness rotator cuff tears.  This program resulted in 75% of individuals 

satisfied with outcome at two-year follow up. As physiotherapy can take many different 

formats,132 a lack of evidence for the optimum physiotherapy program makes it difficult 

for surgeons to determine if an individual has undertaken an appropriate and targeted 

program prior to recommending surgery. 

There are mixed reports about the potential negative sequelae of conservatively 

managed rotator cuff tears, such as tear progression and fatty degeneration.134-136 

However, the relationship between tear progression and higher levels of pain and 

disability is uncertain. Current evidence does not support that tear progression is a given 

consequence of conservative management, with satisfactory shoulder function often 

maintained despite progression of pathology.137 These reports reinforce the dilemma 

regarding surgical decision-making. 
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2.5.2 Surgical management 

Shoulder surgery is based on a biomedical model of pain where surgical repair of 

damaged tissues is purported to lead to a reduction in symptoms.138 Surgical management, 

including subacromial decompression and rotator cuff repair, is often recommended when 

conservative management fails, with individuals experiencing persistent pain and 

functional impairment.126, 139 However over recent decades, shoulder surgery has gained in 

popularity and may be an initial treatment choice for some individuals.  

Surgical management can take the form of an open, mini-open or arthroscopic 

procedure. Under any of these three different procedures, the surgical interventions 

performed may include acromioplasty, bursectomy, subacromial decompression, 

debridement or rotator cuff repair, along with concomitant procedures involving the 

clavicle, biceps tendon or labrum. Acromioplasty involves removal of bone from the 

undersurface of the acromion. Bursectomy involves removal of the subacromial bursa. 

Subacromial decompression may include subacromial bursectomy and removal of the 

coracoacromial ligament in combination with acromioplasty.  Debridement involves the 

removal of damaged tendon tissue or bursal fragments in the subacromial space. Rotator 

cuff repair may be a partial or full repair to restore integrity of the tendon by surgical 

suture of the tendon defect. For massive tears involving more than one tendon, or a large 

tear with tendon fibre retraction, repair may not be possible.   

Efficacy for shoulder surgery is limited,26 with the American Academy of 

Orthopaedic Surgeons (AAOS) clinical practice guidelines for rotator cuff disorders 

providing only low level evidence for surgical repair of full thickness tears in 

symptomatic individuals and early surgical repair after acute injury.26 For younger 

individuals with rotator cuff tendon tears following a history of trauma, early tendon 

repair within three weeks to six months, has been recommended 140 and supported by 

weak evidence from the AAOS clinical practice guidelines.26  For older adults, surgical 

concerns relate to high prevalence rates of rotator cuff disorders,15 the potential of poor 

healing with increasing age,141, 142 a decrease in vascularity of the tendons,143 greater 

pathological changes seen on imaging (such as fatty degeneration) 3 and less successful 

outcomes reported. If surgery is considered after a period of failed conservative 

management, the surgical challenge is to identify elderly individuals with the greatest 

chance of a successful outcome.3 

Studies investigating outcomes after shoulder surgery for rotator cuff disorders have 

reported good to excellent results for symptomatic individuals undergoing subacromial 
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decompression102 and rotator cuff repair.144-146 However, as these studies have only 

investigated individuals undergoing surgery, there is no comparison to sham surgery, 

conservative management or no treatment, and the natural course of recovery is unknown. 

A recent randomised controlled trial compared subacromial decompression surgery, sham 

surgery and no treatment.102 Both surgical groups had better pain and disability outcome 

than no treatment, however the difference did not reach clinical significance. An important 

finding of this study was that subacromial decompression appeared to offer no extra 

benefit over sham surgery only, questioning the direct benefit of subacromial 

decompression as a treatment for shoulder pain. The benefit conferred by both surgical 

groups over the no treatment group suggests that the effect of the surgical procedure could 

be attributed to the placebo effect, or relative rest or physiotherapy after surgery. 

Despite the limited efficacy for surgery for rotator cuff disorders, surgery remains a 

treatment of choice for shoulder pain worldwide147-150 and surgery rates are increasing in 

many countries.52, 148-151 Procedures such as subacromial decompression and rotator cuff 

repair target the pathoanatomical features of shoulder pain. However, recent research 

outlines that changes in pain and disability following surgery are not predicted by 

structural integrity of the rotator cuff.152 Many individuals report improvement in 

symptoms following surgery despite failed healing or re-tears of the rotator cuff tendon 

demonstrated on imaging.108, 153 This again challenges the biomedical model where the 

pathological tendon is not the primary source of shoulder pain symptoms. For those 

individuals who do show improvement after surgery, it is not clear if surgical 

management provides a placebo effect, facilitates a period of relative rest and 

rehabilitation after surgery, or improves on the course of natural history, as the natural 

history for rotator cuff disorders is not well-defined.154, 155 

2.5.3 Conservative versus surgical management 

Several studies have compared conservative with surgical management for shoulder 

pain. A recent systematic review of 7 randomised controlled trials (RCTs) reports 

moderate evidence that surgery and exercise therapy are equally as effective in reducing 

pain intensity for individuals with rotator cuff related shoulder pain.156 In support of this 

review, two additional RCTs have compared outcomes of surgery with physiotherapy 

(exercise rehabilitation) for individuals with rotator cuff tears. In the first RCT, 

Kukkonen103 compared three groups: physiotherapy (exercise rehabilitation); 

acromioplasty and physiotherapy; and rotator cuff repair, acromioplasty and 
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physiotherapy, for the treatment of symptomatic, non-traumatic supraspinatus tears in 

167 patients, older than 55 years. They reported no statistically significant, nor clinically 

important differences in outcome between the three groups for pain and disability scores 

and patient satisfaction at one year157 and two year103 follow up. They concluded that 

physiotherapy should be considered as a primary initial treatment for shoulder pain in 

the presence of isolated, symptomatic, non-traumatic, rotator cuff tears. In the second 

RCT, Moosmayer158 compared primary tendon repair with physiotherapy for small and 

medium sized full-thickness rotator cuff tears in 103 patients, older than 50 years. While 

improvements in disability and pain favoured the surgical group over the physiotherapy 

group for pain and disability scores at one, two and five year follow-up, the authors 

acknowledge the size of the effect was small and may not be of clinical importance.158 

An initial treatment strategy for a primary trial of physiotherapy for small and medium-

sized rotator cuff tears was recommended. 

Current conservative management is largely based on the biomedical model. There 

has been little evaluation of multidimensional or multidisciplinary care models for the 

management of shoulder disorders, with comparative studies evaluating the effectiveness 

of physiotherapy directed exercise therapy to surgery.103, 158 For other musculoskeletal 

areas, the landscape is currently changing toward psychologically informed 

physiotherapy.159 A recent randomized controlled trial in people with knee osteoarthritis 

showed that a multidisciplinary model of care improves patient outcomes.160 An integrated 

behavioural approach for the management of low back pain has recently been reported.36 

There may be a role for psychologically informed practice for individuals with shoulder 

pain, to address the behavioural aspects of pain, within a patient-centred approach.161 

Key points 

• Conservative management is largely based on the biomedical model and surgery 

targets the biomedical model of shoulder pain 

• Physiotherapy directed exercise therapy should be recommended as initial treatment 

choice 

• Limited guidelines for surgery are available due to low quality evidence 

• Equivocal outcomes are reported for surgery and conservative management of 

shoulder pain 

• A psychologically informed physiotherapy approach for shoulder pain management 

is needed 
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2.6 Shoulder surgery trends 

Rates of shoulder surgery have been escalating in many countries over the past 

decade. In the United States of America, shoulder surgery rates were reported to have 

increased by 440% for subacromial decompression and by 353% for rotator cuff 

repair149-151 from 1996 to 2006. In the United Kingdom, surgery rates were reported to 

have increased by 746% for subacromial decompression from 2000 to 2009.148 In 

Denmark, shoulder surgery rates were reported to have increased by 300% from 1996 to 

2008.52 These rising surgical trends are associated with concurrent increases in health 

care costs.144, 162-170  

A recent systematic review highlighted that future health care resource allocation 

for shoulder disorders will need to be based on feasibility of treatments that provide 

better health outcomes.162 These authors report that there is an inadequate quantity and 

quality of publications on the economics of shoulder care. A recent systematic review of 

32 studies explored economic costs for several shoulder disorders and treatment and 

reported an urgent need for further research with rigorous economic evaluations.162   

Multiple factors may underpin the increase in shoulder surgery rates. First, patient 

demand for surgical intervention may be driving rates up. This may be as a result of an 

increased awareness and understanding of surgical procedures available for rotator cuff 

disorders, a greater expectation of quality of life linked with increased life expectancy and 

greater access to private health insurance. Second, a greater supply of orthopaedic 

surgeons may increase surgical rates. More surgeons trained in arthroscopic surgery 

techniques for rotator cuff disorders, with advances in surgical instrumentation, repair 

techniques and suture anchors, along with the advent of nerve blocks for high risk surgical 

patients may contribute to the rising rates.148, 149, 171, 172 Finally, both of these factors are 

likely to be reinforced by greater access to imaging modalities, such as magnetic resonance 

imaging and ultrasound, which are sensitive to detecting shoulder pathology.119, 173 This 

can lead to the perception by both consumers and their healthcare providers to pursue 

surgery, based on potentially incidental findings observed on imaging. 

The rising surgical trends are occurring in spite of current evidence highlighting that 

shoulder pain is multidimensional and the lack of high-level evidence guiding treatment 

choice for shoulder pain.26 Recent research suggests that there is little difference in 

clinical outcomes between conservative treatments and surgical approaches,103, 157, 158, 174 

highlighting the urgent need for clinical research to better inform clear management 

guidelines for patients with shoulder pain. Surgical trends and associated costs have not 
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previously been reported for an Australian population. It is likely that Australian surgical 

trends for rotator cuff disorders are similar to other countries. It is important to 

understand if Australia follows the same surgical trends that have been reported 

worldwide to inform of the impact on the Australian healthcare system. 

Key points 

• Shoulder surgery rates and associated costs are rising worldwide 

• Australian surgical trends and associated costs need to be investigated 

2.7 Surgical decision-making 

Shoulder surgery is an elective procedure, for which management decisions are 

complicated, influenced by both surgeon and patient preferences, and involve an 

evaluation of trade-offs between risks, costs and benefits.  Surgical decision-making 

involves an evaluation of the individual patient factors considered relevant as indicators 

for and against surgery, with the ultimate decision based on a combination of evidence-

based guidelines, prior learning and personal experience. There is a lack of robust 

surgical indications for shoulder pain associated with rotator cuff disorders, with clinical 

practice guidelines and surveys of surgeon opinion outlining a lack of consensus 

between surgeons for the management of rotator cuff disorders.26 139, 175  Evidence-based 

clinical guidelines, surgeon education, surgeon personal experience and individual 

patient factors may inform surgical decision-making. The lack of robust clinical 

guidelines is a result of limited high quality evidence.26, 176 Clinical examination tests 

may assist with decision-making, however tests lack robust evidence and therefore are 

poor diagnostic tools.116 Contemporary health care pathways advocate the need for a 

shared decision-making process between individuals and their surgeon.177, 178 

Surgical opinions regarding indications for shoulder surgery are varied, as indicated 

by the results of a survey sent to American Academy of Orthopaedic Surgeons.175 Fifteen 

questions relating to clinical decision-making for surgery, plus four clinical vignettes and 

association with reported surgical volumes were investigated. A lack of clinical agreement 

about indications for rotator cuff surgery was evident among surgeons. Surgeons 

performing higher volumes of surgery were more optimistic they would achieve a good 

outcome of rotator cuff surgery, than those performing fewer procedures. It is unknown if 

Australian Orthopaedic surgeons perceptions about indications for surgery are similar to 

those opinions previously reported in the USA175 and UK.139  
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Key points 

• There is a lack of robust evidence to guide surgical decision-making for shoulder 

pain linked to rotator cuff disorders 

• Australian surgical criteria needs to be investigated 

2.8 Measuring outcome after shoulder surgery  

2.8.1 Traditional methods of measuring outcome 

Traditionally, outcome after shoulder surgery has been determined by metrics 

including clinical examination,179 imaging180 complication rates181 and patient report of 

progress such as pain on a visual analogue scale.32 Clinical examination by the surgeon 

can provide objective measures of range of movement and strength, however these do 

not always provide an accurate assessment of outcome that is clinically meaningful to an 

individual. Imaging such as ultrasound or MRI provide evidence of structural integrity 

after rotator cuff repair surgery, however the value of imaging as an outcome measure 

has recently been in question, as healing rates for rotator cuff repair are varied 171, 182 and 

improvements in function and satisfaction have been reported despite failed healing 

evident on imaging.141, 183   

Complications after shoulder surgery such as anaesthetic reaction, wound infection, 

haemorrhage, failed healing and death181 are important metrics from the surgeon 

perspective, but these metrics do not provide an indication of clinically meaningful 

improvement for the individual after shoulder surgery.  

2.8.2 Measuring patient-centred outcome 

Over the last ten years, patient-centred care has gained greater importance and is 

considered the foundation of contemporary models of health care internationally, where 

individuals are partners in their healthcare.184 Patient-centred care respects individual 

patient preferences, needs and values and ensures that the individual guides clinical 

decision-making.185 Measuring patient-centred outcome after an intervention allows 

assessment of whether the preferences and needs of the individual have been met. 

Patient-centred outcome may be measured in a variety of ways, including shoulder-

specific pain and disability outcome measures, health-related quality of life, global rating 

of change and satisfaction.  
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Patient-reported pain and disability outcome measures for the shoulder have 

increased in recent decades both in number and popularity. Over thirty different patient-

reported pain and disability measures have been reported and are an important source of 

data for investigation of outcome after shoulder surgery.186 The use of these measures 

prior to and after surgery capture changes in pain and disability from before to after 

surgery from the individual’s perspective 186, 187 and are widely accepted measures used 

clinically and in research.  Previous studies have explored responsiveness and reliability 

of different pain and disability measures,188-190 with the American Shoulder and Elbow 

Surgeons score (ASES), Disabilities of the Arm, Shoulder and Hand (DASH) and 

Shoulder Pain and Disability Index (SPADI) reported to be the most extensively studied 

in research 191  and to be similarly responsive.186, 188, 192 

Global rating of change (GRC) has been used in musculoskeletal research to 

quantify improvement or deterioration over time,193 and has utility as an outcome 

measure due to its simplicity and time efficiency. GRC provides an overall rating of 

change over the course of an intervention. For example, an ‘overall improvement’ rating 

for pain can be scored from -7 (very much worse) to +7 (very much better).  GRC is 

commonly used in anchor-based methods to determine minimal clinically important 

change for musculoskeletal patient-reported outcomes,194 based on the premise that these 

constructs are closely linked. GRC has not been reported as an outcome measure for 

studies investigating outcome after shoulder surgery.   

A recent systematic review exploring the conceptualisation of patient satisfaction 

reported that patient satisfaction is a crucial, multidimensional and widely measured 

outcome of health service.195 However the review also showed that most of the patient 

satisfaction theories and formulations are based on marketing theories and define 

satisfaction as how well a health service fulfils patient expectations. This review also 

found that the relationship between patient expectations and satisfaction is unclear. For 

orthopaedic surgery, higher satisfaction rates following total hip arthroplasty196, 197 and 

spinal surgery198, 199 are associated with better pain and disability scores after surgery. 

Measuring patient satisfaction with surgical outcome is not new, but has only more 

recently been utilized as a measure after shoulder surgery as an important indicator of 

outcome in patient-centered care models.200-202 Although individuals may report 

improvements in pain and disability scores after shoulder surgery, they may report 

dissatisfaction after surgery. Satisfaction has also been used in anchor-based methods to 

determine minimal clinically important change for musculoskeletal patient-reported 
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outcomes,203 based on the premise that these constructs are closely linked. Higher 

satisfaction after shoulder surgery has been associated with lower pain and disability 

levels pre-surgery200-202 and post-surgery.204  

An understanding of what constitutes a successful outcome after shoulder surgery is 

important as it may influence whether or not an individual seeks additional or alternative 

care. Different measures of patient-centred outcome may reflect similar or importantly 

different aspects of outcome after shoulder surgery, that reflect meaningful 

improvements to an individual. While these patient-centred outcomes appear somewhat 

similar, there is no clear understanding how these outcomes relate to each other in the 

context of shoulder surgery. An understanding of these similarities or differences will 

facilitate comparison between the large number of studies that investigate prognostic 

factors for outcome after shoulder surgery using a range of different measures of patient-

centred outcome. 

Key points 

• Traditional measures of outcome such as imaging and complication rates are not 

aligned with measures of patient-centred outcome  

• A patient-centred model of care that engages individuals as partners in their own 

healthcare is underpinned by the use of patient-centred outcomes, and assesses 

improvement after an intervention that is meaningful to an individual 

• It is not clear how different measures of patient-centred outcome relate to each other 

and if they reflect similar or different aspects of outcome after shoulder surgery  

2.9 Factors associated with outcomes after shoulder surgery  

Over sixty different prognostic factors have been investigated for an association 

with outcomes after shoulder surgery.  These factors can be broadly classified into three 

categories: patient-related factors; disease-related factors; and procedure-related factors. 

Disease-related (eg. rotator cuff tear size, tendon retraction, fatty degeneration) and 

procedure-related (eg. concomitant surgical procedures) factors are aligned with the 

biomedical model of shoulder pain that assumes shoulder pain and disability is a direct 

consequence of pathology, and do not support the multi-dimensional nature of shoulder 

pain under the biopsychosocial model. 
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2.9.1 Patient-related factors 

Multiple patient-related factors have been investigated as prognostic indicators of 

worse pain and disability outcome after shoulder surgery across multiple studies and 

include demographic (older age,35, 146, 204-210 female gender35, 205-207), health (poorer 

general health status,207 higher body mass index,211 presence of comorbidities207 

including diabetes212, 213 and obesity38), lifestyle (smoking207, 214-216), social (lower 

education level,201 an active workers compensation claim,53, 54, 207 higher physical 

occupational demands217), physical (pre-operative stiffness,218 deficits in range of 

movement34, 35 and strength34, 35), psychological (anxiety,218, 219 depression218, 219 and 

psychological distress220) and lower patient expectations of surgery.207, 221   

Despite the large number of reported prognostic factors, five recent systematic 

review papers152, 222-225 and one review226 report that only older age, an active workers 

compensation claim and worse pain and disability scores before surgery are consistently 

associated with poorer pain and disability scores after shoulder surgery.  However, with 

contemporary evidence supporting a biopsychosocial model of shoulder pain, a recent 

report highlighted the need for future studies to further investigate the association 

between psychological factors and patient expectations before surgery with patient-

centred outcome after shoulder surgery.227 

2.9.2 Psychological factors  

Psychological factors, both cognitive and affective, have been previously associated 

with poorer outcomes after surgery, including increased pain and disability following 

orthopaedic procedures such as hip and knee arthroplasty,228-231 anterior cruciate 

ligament reconstruction,232 spinal surgery233, 234 and recovery from an acute fracture.235 A 

recent narrative review highlighted the need for surgeons to be cognisant of the potential 

association of psychological factors with outcomes after shoulder surgery.236  The review 

recommended the use of screening tools to measure psychological factors before 

surgery, in order to identify individuals who may benefit from more detailed 

psychological assessment, as psychological distress may not be discerned from patient 

history and physical examination. 

For shoulder surgery, previous studies exploring the association of affective 

psychological factors with outcome after surgery have reported conflicting findings.218, 

219, 237, 238 Koorevaar219 reported symptoms of distress, depression, anxiety and 
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somatisation were not associated with worse pain and disability outcome at one year 

follow-up after shoulder surgery. Potter237 reported that psychologically distressed 

patients achieve similar pain and disability outcome as non-distressed patients at one-

year after rotator cuff repair. Cho218 reported that depression, anxiety and insomnia 

before surgery did not predict worse pain and disability outcome at one-year after rotator 

cuff repair. In contrast, Dekker238 reported that higher anxiety and depression scores 

before shoulder surgery were associated with worse pain and disability outcomes, 

however these individuals still showed improvement from before to six months after 

surgery. None of these recent studies considered cognitive factors for their association 

with outcome after surgery, despite their association with worse pain and disability 

outcome after conservative management.73, 82, 83, 86, 88 

Cognitive factors are an important consideration in people undergoing shoulder 

surgery, as individuals displaying kinesiophobia may be apprehensive to move their arm 

due to fear of pain or fear of damaging a repaired tendon after rotator cuff repair surgery. 

People with low levels of pain self-efficacy, meaning a lack of belief in their own ability 

to manage pain, cope and function in the presence of persistent pain,239 may continue to 

experience shoulder symptoms in the absence of any nociceptive source of symptoms 

before and after shoulder surgery, and beyond the expected recovery time after surgery. 

People with persistent shoulder pain may catastrophize about their symptoms and 

display negative pain responses such as magnification, rumination and helplessness that 

amplify their pain response before and after shoulder surgery.240  

Differential patterns of affective and cognitive psychological factors in patients 

undergoing shoulder surgery may be evident, and potentially associated with pain and 

disability levels before and after surgery, however this remains unexplored. Conceptual 

overlap between affective and cognitive factors has been reported in chronic 

musculoskeletal pain,92 low back pain,75, 93 and knee osteoarthritis77 and may reflect a 

level of general psychological distress. Alternatively, there may be important distinctions 

between these two factors, as identified in a study by Rabey75 in which people with 

chronic low back pain were grouped statistically (clustered) according to their individual 

pattern across a number of different measures of affective and cognitive psychological 

functioning. Three psychological clusters were identified: one cluster scoring low on all 

affective and cognitive measures representing better psychological functioning, another 

scoring high on cognitive measures only, and one scoring high across all affective and 

cognitive measures, representing poorer psychological function.  
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Patient expectations and confidence in the outcome of surgery are important aspects 

of cognitive psychological function to consider in the context of people undergoing 

surgery. An individual may agree to surgery with the belief that symptoms may be very 

much improved. A recent systematic review of 60 studies investigating expectations of 

surgery reported that greater expectations for a positive outcome have been associated 

with improved outcome in 47% of studies and with worse outcome in 15% of studies.241 

For orthopaedic surgery, greater patient expectations are associated with improvements 

in pain and disability after hip, knee and spine surgery.197-199, 242 For shoulder surgery, 

greater expectations before surgery have been associated with higher levels of pain and 

disability level before surgery,221, 243-245 lower pain and disability levels after surgery,221, 

243 and greater satisfaction after surgery.202 These studies are in contrast to other aspects 

of orthopaedic surgery reporting that overly optimistic expectations for knee 

arthroscopy246 or knee arthroplasty247, 248 are associated with lower patient satisfaction, or 

that expectations have no influence on satisfaction after knee arthroplasty.249, 250 Positive 

expectations are influenced by education regarding surgery and the protocol after 

surgery.251 Consideration of patient expectations before surgery may assist surgeons to 

identify those individuals who are most likely to benefit from surgery and contribute 

information to the surgical decision-making process. 

An understanding of factors associated with outcome after shoulder surgery enables 

identification of individuals before surgery who are most likely to benefit from surgery 

and also identify those individuals at risk of poor outcome.  

Key points 

• Multiple studies have reported over 60 prognostic factors are associated with 

patient-centred outcome 

• Patient-related factors consistently associated with worse outcome after surgery are 

older age, an active workers compensation claim and higher levels pain and 

disability before surgery 

• Disease-related (tear size, tendon retraction and fatty degeneration) and procedure-

related (concomitant surgical procedures) factors, although consistently associated 

with outcome after surgery, are related to pathology or the surgical procedure and 

are aligned with the biomedical model of shoulder pain  

• Only a small number of recent studies have investigated the association of affective 

psychological factors (moods and emotions) with outcome after shoulder surgery 
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• Cognitive psychological factors (thoughts and beliefs) have not been explored for 

their association with outcome after shoulder surgery, despite numerous reports of 

their association with shoulder pain and disability 

• Not yet explored is whether differential patterns of affective and cognitive 

psychological factors in patients undergoing shoulder surgery are evident 

2.10 Brief summary and gaps in knowledge 

Shoulder surgery has dramatically increased in popularity over recent decades, with 

rising trends evident in many countries. It is likely that Australia follows the same global 

trends, however shoulder surgery trends in Australia have not been reported. There is also 

a lack of robust criteria to inform the decision for shoulder surgery, with surgeons in the 

USA and UK lacking agreement regarding surgical indications. It is likely that Australian 

surgeons also have disparate opinions, however surgical indications in Australia have not 

been reported.  

Added to this complexity is current evidence underpinning a biopsychosocial approach 

to musculoskeletal pain. Shoulder surgery targets the structural aspects of shoulder pain. 

Other factors, such as health comorbidities, social, lifestyle and psychological factors have 

more recently been considered as important factors in a biopsychosocial understanding of 

shoulder pain. These factors may also be associated with surgical outcomes. The 

association of poor psychological function with outcome after shoulder surgery remains 

controversial with just a few recent shoulder surgery studies exploring the association of 

only affective psychological factors on outcome after shoulder surgery.  Differential 

patterns of affective and cognitive psychological factors in individuals undergoing shoulder 

surgery may be evident, and potentially associated with pain and disability levels before and 

after surgery. However, this possibility remains unexplored. 

Patient-centred outcome assesses whether the preferences and needs of the individual 

have been met. Outcome after shoulder surgery has been measured by a range of different 

metrics, however there is a lack of consistency across studies for their use. The strength of 

the association between different aspects of patient-centred outcome has not been clear. 

Factors identified before surgery that have previously been identified for their association 

with shoulder pain and disability, including psychological factors and expectations, may be 

similarly or differentially associated with all three aspects of patient-centred outcome 

(patient-reported pain and disability, global rating of change, patient satisfaction). However, 

this relationship has not yet been explored.   
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2.11 Research Aims 

The aims of this thesis are: 

1. To investigate the trends and associated costs over time of shoulder surgery for 

rotator cuff disease undertaken in Western Australia during the 13-year period 

2001-2013;  

2. To survey Western Australian shoulder surgeons for opinions regarding indications 

for shoulder surgery, clinical tests commonly used to aid surgical decision-making, 

intra-operative findings predictive of outcome and what constitutes a successful 

surgical outcome;  

3. To explore if there are identifiable clusters (based on psychological functioning 

measures) in patients undergoing shoulder surgery; 

4. To explore if poorer psychological functioning is associated with worse pain and 

disability outcome up to one year after shoulder surgery;  

5. To investigate the association between three different aspects of patient-centred 

outcome (change in patient-reported pain and disability outcome measures, global 

rating of change, patient satisfaction); 

6. To investigate if psychological factors, and other factors previously associated with 

one or more aspects of outcome, are similarly associated with these three aspects of 

patient-centred outcome (change in patient-reported pain and disability outcome 

measures, global rating of change, patient satisfaction). 

2.12 Research Significance 

The important significant and original contribution of this thesis will:  

1. Provide knowledge of surgical trends in Western Australia in order to determine if 

the alarming increased rates of shoulder surgery reported for other countries is 

similar for an Australian population. This is important as the increased strain on 

healthcare budgets worldwide, including Australia, is not sustainable in light of an 

ageing population and an increasing prevalence of musculoskeletal disorders 

globally. Contemporary cost-effective healthcare necessitates the need for expensive 

interventions such as shoulder surgery to be targeted to those individuals most likely 

to benefit. Current evidence underpins a biopsychosocial approach to management 

for musculoskeletal pain, whereas shoulder surgery targets only the structural 

aspects of shoulder pain. 
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2. Provide an understanding of surgical criteria used by orthopaedic surgeons in 

Western Australia in order to determine if there is consensus for surgical indications 

within a community of surgeons that is different or similar to reports of the lack of 

consensus in the USA and UK. As the previous findings from the USA and UK 

studies highlighted a lack of consensus for surgical criteria, further targeted research 

is needed to demonstrate effectiveness of shoulder surgery and the subgroups for 

which it is potentially most effective. The development of more robust clinical 

guidelines for surgical decision-making criteria are needed in light of the 

contemporary understanding of the multidimensional nature of shoulder pain. 

3. Identify whether subgroups of individuals with poor psychological function exist 

prior to shoulder surgery and if worse pain and disability scores are associated with 

poor psychological function before surgery and up to one year after shoulder 

surgery. This is important as current evidence highlights that psychological factors 

are important in a biopsychosocial understanding of shoulder pain and may also be 

associated with outcome after shoulder surgery. There may be a role for 

psychologically informed practice for individuals with shoulder pain, to address the 

behavioural aspects of pain, within a patient-centred care approach.161 

4. Provide an understanding of how strongly three different aspects of patient-centred 

outcome relate to each other and whether different aspects of outcome are similarly 

associated with psychological factors or other variables previously identified to be 

associated with one or more aspects of outcome. This is important as there has been 

a lack of consistency across studies in the use of outcome measures, which has 

made the comparison and interpretation of studies complex. 
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Introduction to Study One 

Shoulder disorders are a common musculoskeletal complaint and contribute 

significantly to the financial burden of musculoskeletal disease worldwide. Shoulder 

pain is one of eight distinct areas of higher prevalence making up the ‘Other 

Musculoskeletal’ category in the Global Burden of Disease Study.1 The prevalence of 

shoulder disorders is likely to continue to rise with an ageing population, remaining in 

the workforce in advancing years, with greater expectation of quality of life, the 

prevalence of shoulder disorders is likely to continue to rise. 

Shoulder surgery is frequently undertaken for individuals with shoulder pain.  The 

global increased rates of shoulder surgery and associated costs over the past decade are 

discussed in this study. No previous reports of surgical trends for individuals with 

shoulder pain for Australian populations were available to determine if Australian trends 

follow the same worldwide pattern. The current landscape for surgical trends in Western 

Australia was explored in study 1. 

Therefore, the aim of study 1 was to investigate the trends and associated costs over 

time of surgery for rotator cuff disease undertaken in Western Australia (WA) during the 

13-year period 2001-2013. The Western Australian Department of Health data set was 

accessed to extract numbers of surgical procedures performed from 2001-2013, hospital 

setting, demographics and average cost per procedure. The surgical trends were explored 

across hospital setting, gender and age. Costs to the healthcare system associated with 

the increasing shoulder surgery trends were also investigated.  

Study 1 is reproduced in this chapter as published in the Australian New Zealand 

Journal of Surgery. A supplementary table for this paper, to support Figure 3.1, is 

included in Appendix A. 
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Rising Trends in Surgery for Rotator Cuff Disease 

in Western Australia 

3.1 Abstract 

3.1.1 Background 

Increasing rates of surgery for rotator cuff disease have been reported in the past 

decade in a number of countries worldwide. Rising surgery rates do not correspond with 

equivalent increases in shoulder pain prevalence. The aims of the study were:  to 

investigate trends in population-adjusted surgical rates for rotator cuff disease in Western 

Australia from 2001-2013; to compare population-adjusted arthroscopic surgical trends 

between (i) private versus public hospital setting, (ii) sex and (iii) different age groups; 

and to evaluate rising healthcare costs associated with arthroscopic surgical rates for 

rotator cuff disease. 

3.1.2 Methods  

Numbers and costs for surgical procedures for rotator cuff disease performed in 

Western Australia were extracted from the Western Australian Department of Health 

database for the 13-year period 2001 – 2013.  

3.1.3 Results  

Rising surgical trends were demonstrated with arthroscopic subacromial 

decompression and arthroscopic reconstruction showing large proportional increases of 

108.7% and 68.4% respectively. Increasing trends were mostly linear across private and 

public hospital settings, gender groups and different age groups. The rise in CPI-adjusted 

costs for ASAD in private and public hospitals was 273.7% and 320.8% respectively, 

and for arthroscopic reconstruction 220.2% and 472.5% respectively.  

3.1.4 Conclusions 

The substantial increase in arthroscopic surgery rates for rotator cuff disease and 

associated costs in WA over the period 2001-2013 is in spite of evidence that surgical 

outcomes are no different to exercise interventions. Conservative treatments should be 

recommended as an initial treatment choice, to arrest escalating health care costs.  
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3.2 Introduction 

Lifetime shoulder pain prevalence has been reported to be between 7-26% in the 

general adult population, with prevalence increasing with age.2-4 Rotator cuff disease 

(RCD) and pathology of the subacromial bursa account for up to 85% of shoulder 

complaints.5, 6 Indications for surgical interventions such as subacromial decompression 

(SAD) and rotator cuff repair (RCR) include failure to respond to conservative 

management, persistent pain and functional impairment. Increasing rates of surgery for 

RCD have been reported over the past decade in a number of countries including the 

United States of America (USA),7-9 United Kingdom (UK),5 Denmark10 and Finland,11 

with rising trends associated with concurrent increases in health care costs.12-21 Surgical 

trends, variations in hospital setting, gender, age and associated costs for RCD in 

Australian populations have not been reported.  

The purpose of this study was to investigate the trends and associated costs over 

time of surgery for RCD undertaken in Western Australia (WA) during the 13-year 

period 2001-2013. The aims of this study were threefold: (i) assess population-adjusted 

surgical rates for surgery for RCD in WA; (ii) compare population-adjusted arthroscopic 

surgical trends between private versus public hospital setting, gender and different age 

groups; (iii) evaluate costs associated with arthroscopic surgical rates for RCD. 

3.3 Methods   

Annual numbers of surgical procedures performed and average cost per procedure 

for RCD were extracted from the Western Australian Department of Health database for 

the period 2001 – 2013.  All surgical procedures undertaken for RCD as the primary 

procedure in public and private hospital settings in the state of WA for this time period 

were included. Five categories of primary surgical procedures (three open and two 

arthroscopic item codes outlined in (Table 3.1) were obtained. Isolated RCR as an 

arthroscopic or mini-open procedure is included in the arthroscopic reconstruction code 

(ARC). Ethical approval was attained from the Human Research and Ethics Committee 

at Curtin University (approval number HR 178/2013). 
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Table 3.1 Allocated codes associated with surgical procedures obtained from the 

Western Australian Hospital Morbidity Data System 

Allocated Code  Primary Surgical Procedure Abbreviation 

48951-00 Arthroscopic subacromial decompression ASAD 

48960-00 Arthroscopic reconstruction of shoulder including rotator 

cuff repair with or without subacromial decompression 

ARC 

48903-00 Open subacromial decompression OSAD 

48909-00 Open rotator cuff repair with subacromial decompression  ORC 

48906-00 Open rotator cuff repair without subacromial decompression ORCR 

3.4 Statistical analysis  

For Aim one, population-adjusted surgical rates per 100,000 persons were 

calculated for the five surgical procedure codes using annual population counts for the 

state of WA from census data obtained from the Australian Bureau of Statistics. For Aim 

two, arthroscopic subacromial decompression (ASAD) and arthroscopic reconstruction 

(ARC) rates per 100,000 persons were calculated separately by hospital setting (private 

versus public), gender and age categories (15-34yrs, 35-54yrs and >55yrs).  Negative 

binomial regression was used to compare population-adjusted ASAD and ARC surgical 

trends for differences between (i) private versus public hospital setting; (ii) gender; and 

(iii) the three age group categories. For Aim three, the inflation-adjusted total cost for 

ASAD and ARC procedures per year was calculated from the consumer price index 

extracted from the Reserve Bank of Australia Inflation Calculator and adjusted to 2013 

prices 22. To examine how much the increase in total costs may be driven by cost per 

procedure, the proportional increase from 2001 to 2013 in CPI-adjusted average cost per 

procedure was calculated. STATA software version release 13 was used for all statistical 

analyses. 

3.5 Results 

3.5.1 Surgical rates 

The population-adjusted rates for all surgical procedures undertaken for RCD in WA 

showed an increase of 55.1% from 2001 to 2013, with arthroscopic procedures (ASAD 

and ARC) demonstrating large proportional increases of 102.0% and 68.4% respectively, 

illustrated in Figure 3.1. All open procedures (open subacromial decompression, open 

reconstruction and open rotator cuff repair) displayed decreases in surgical rates of 36.7%, 

74.0% and 25.0% respectively, with open reconstruction showing the greatest decline.  
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Further analysis only considered arthroscopic procedures. Procedure codes in the WA 

Department of Health have remained unchanged from 2001 to 2013.  

Surgical trends for ASAD and ARC, reported in Table 3.2, showed mostly linear 

increases equally across hospital setting, gender and age. For ASAD surgery, there was 

no significant difference over time with regards to hospital setting, gender and age. For 

ARC surgery, there was a significantly higher growth in the public hospital system 

(8.1% versus private 3.2%, p<0.001) and a significant decrease in surgery rates in the 

15-34 year age group (2.4% decrease, versus 2.5% and 3.8% increase respectively in the 

35-54 and >55 age-groups, p=<0.001).  

 

Figure 3.1 Population adjusted surgical trends for rotator cuff disease per 100,000 

persons 

Abbreviations: ASAD - arthroscopic subacromial decompression; ARC - arthroscopic reconstruction;   

OSAD - open subacromial decompression; ORC – open rotator cuff repair with subacromial 

decompression; ORCR – open rotator cuff repair without subacromial decompression 
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Table 3.2 Percentage change in surgical rates for ASAD and ARC by hospital setting, gender and age 

 ASAD ARC 

 

% change  

2001-2013 IRR 95% CI 

Estimated annual 

increase in 

surgery 

% change  

2001-2013 IRR 95% CI 

Estimated annual 

increase in surgery 

Hospital setting         

Private  95.7%  1.064 (95%CI: 1.057-1.072) 6.4% 54.5% 1.032 (95%CI: 1.024-1.040) 3.2% 

Public 143.5% 1.072 (95%CI: 1.052-1.093) 7.2% 175.2% 1.081 (95%CI: 1.071-1.090) 8.1%* 

Gender         

Males  74.6% 1.059 (95%CI: 1.050-1.068) 5.9% 68.7% 1.038 (95%CI: 1.032-1.045) 3.8% 

Females 104.1% 1.065 (95%CI: 1.056-1.074) 6.5% 68.3% 1.040 (95%CI: 1.030-1.050) 4.0% 

Age         

15-34  69.6% 1.051 (95%CI: 1.037-1.065) 5.1% - 14.0%  0.976 (95%CI: 0.962-0.991) - 2.4%* 

35-54  82.8% 1.064 (95%CI: 1.053-1.074) 6.4% 41.5% 1.025 (95%CI: 1.020-1.031) 2.5% 

> 55  76.8% 1.055 (95%CI: 1.047-1.064) 5.5% 63.3% 1.038 (95%CI: 1.029-1.047) 3.8% 

*(p<0.001) 

Abbreviations: ASAD-arthroscopic subacromial decompression; ARC- arthroscopic reconstruction; IRR- Incident rate ratio; CI-confidence interval 
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3.5.2 CPI-adjusted costs for ASAD and ARC 

Consumer price index (CPI)-adjusted total cost increases were shown in private and 

public hospitals both for ASAD (273.7% and 320.8% respectively) and for ARC (220.2% 

and 472.5% respectively) as demonstrated in Figure 3.2. Although there was a 

proportional increase in CPI-adjusted average cost per procedure in private and public 

hospitals for ASAD (57.1% and 36.7% respectively) and for ARC (56.9% and 55.4% 

respectively), this was much smaller than the proportional increases in corresponding total 

costs. 

 

Figure 3.2 CPI-adjusted total costs for surgical rates for ASAD and ARC 

Abbreviations: ASAD - arthroscopic subacromial decompression; ARC - arthroscopic reconstruction; CPI – 

consumer price index 

3.6 Discussion 

This is the first study to report findings in Australia for RCD surgical rates, 

demonstrating a rising trend of arthroscopic surgery for RCD, in line with previous 

reports of rising surgical trends in the UK,5 USA,7, 8 and Denmark.10 The shift towards 

arthroscopic procedures in this study is consistent with recent USA reports,23 however 

the rise in arthroscopic surgery cannot be attributed merely to a shift in practice away 

from open procedures, as the rate of all surgeries combined has risen by 55.1% during 

this 13-year period.  
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Multiple factors may underpin the increase in RCD surgery rates. Firstly, patient 

demand for surgical intervention may be driving rates up, as a result of an increased 

awareness and understanding of surgical procedures available for RCD, a greater 

expectation of quality of life linked with increased life expectancy and greater access to 

private health insurance. Secondly, a greater number of specialist surgeons trained in 

arthroscopic surgery techniques for RCD, with advances in surgical instrumentation, 

repair techniques and suture anchors, along with the advent of nerve blocks for high risk 

surgical patients may contribute to the rising rates.5, 7, 24, 25 Finally, both of these factors 

are likely to be reinforced by greater access to imaging modalities, such as MRI and 

ultrasound, which are sensitive to detecting rotator cuff pathology.26, 27  

The rising surgical trends in Australia are occurring in spite of the lack of high level 

evidence guiding treatment choice for RCD.28 Recent research suggests that there is little 

difference in clinical outcomes between conservative treatments and surgical 

approaches,29-32 highlighting the urgent need for clinical research to better inform clear 

management guidelines for patients with RCD. A recent systematic review of 7 RCTs 

comparing surgery with exercise therapy for impingement-related shoulder pain, 

reported moderate evidence that surgery and active exercises are equally as effective in 

reducing pain intensity.33 In support of this review, two additional RCTs have compared 

outcomes of surgery with physiotherapy (exercise rehabilitation) for rotator cuff tears. 

One study compared physiotherapy (exercise rehabilitation); acromioplasty and 

physiotherapy; and rotator cuff repair, acromioplasty and physiotherapy in the treatment 

of symptomatic, non-traumatic supraspinatus tears in 167 patients, older than 55 years. 

They reported no statistically significant, nor clinically important differences in outcome 

between the three groups for pain and disability scores and patient satisfaction at one 

year30 and two year29 follow up. They concluded that conservative treatment should be 

considered as a primary initial treatment for isolated, symptomatic, non-traumatic, 

rotator cuff tears. In a second study, surgical primary repair was compared with 

physiotherapy (exercise rehabilitation) for small and medium sized full-thickness rotator 

cuff tears in 103 patients, older than 50 years. While improvements in disability and pain 

favoured the surgical group over the physiotherapy group for pain and disability scores 

at one, two and five year follow up, the authors acknowledge the size of the effect was 

small and may not be of clinical importance.32 Given the high costs and risks associated 

with shoulder surgery, the current evidence supports that a trial of extensive conservative 

physiotherapy-led exercise rehabilitation is recommended prior to surgical intervention.  
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This study illustrated a marked rise in CPI-adjusted total costs associated with both 

ASAD and ARC surgery in the private and public hospital settings. Increases in total 

CPI-adjusted cost to the health care system is driven largely by the rising number of 

arthroscopic surgical procedures undertaken, however the CPI-adjusted average cost per 

procedure has also risen in both hospital settings. Increase in average cost per procedure 

may be associated with advances in arthroscopic surgical techniques, suture anchors and 

anaesthetic techniques, as has been previously reported, however this information was 

not able to be determined from the WA Department of Health data.13-15 Further studies 

investigating health care costs for ASAD and ARC surgery are warranted, as breakdown 

costs of each surgical procedure was not available from the data obtained from the WA 

Department of Health. 

Regular monitoring of surgical trends and identification of strategies to contain 

healthcare costs is necessary with increasing population age and rises in surgery rates. If 

surgical trends for RCD continue at a similar rate over the coming decade with a 

continued trend for escalating costs, this will likely add further strain to healthcare 

budgets. Alternative cheaper treatments with lower risk such as exercise interventions 

should be recommended initially as a primary treatment choice. Prior to considering 

surgery, patients with RCD should undertake a 12-week physiotherapy-led exercise 

program providing education and targeting deficits in posture, mobility, muscle length 

and strength. Consideration should also be given to reduce the reliance on diagnostic 

imaging for clinical decision making. The high prevalence of RCD in asymptomatic 

populations,34 coupled with the poor correlation between imaging findings, pain and 

disability levels35, 36 has lead to calls to place a greater emphasis on clinical examination 

in surgical decision-making.35 Future studies that identify prognostic factors for shoulder 

pain and surgical outcome for RCD, will allow the targeting of surgery to those most 

likely to benefit, thus easing the financial burden on healthcare systems.   

This study has a number of limitations. One limitation is that the study only 

considered surgery for RCD in the state of WA. A review of national data would 

determine if the current findings in WA are consistent nationally and whether 

geographical variations exist. Another potential limitation is variations in surgeon coding 

practices for the WA Department of Health procedure codes. Some surgeons may use the 

ARC code for isolated arthroscopic RCR, as well as RCR in combination with ASAD. 

Other surgeons may use for ARC code as well as the ASAD code when combining ARC 

with ASAD. 
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3.7 Conclusions 

In summary, there has been a substantial increase in arthroscopic surgery rates for 

RCD in the state of WA over the period 2001 to 2013, associated with substantial 

increases in cost to the healthcare system. The trends mostly increased consistently 

across hospital setting, gender and age. These findings are consistent with surgical trends 

in other countries and are likely due to multiple factors such as patient desire to be active 

into older age with greater expectation of quality of life, increasing population age, 

increased number of trained surgeons, advances in surgical and anaesthetic techniques 

and greater access to and advances in imaging modalities. This is in spite of evidence 

that surgical outcomes are no different to exercise interventions. Conservative treatments 

should therefore be recommended as an initial treatment choice, to arrest escalating 

health care costs. In light of the increasing burden to the healthcare system, if the current 

rising trends and escalating costs continue, research into factors predictive of positive 

surgical outcomes and comparative trials of conservative versus surgical options for 

RCD and the effect on long-term outcome is imperative. 
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Introduction to Study Two 

With the rising surgical trends discussed in study 1, and the increased cost and risks 

associated with surgery, it is imperative that shoulder surgery is targeted to those 

individuals most likely to benefit.  

Indications for shoulder surgery are not clear globally, nor in Australia. Current 

clinical practice guidelines and surveys of surgeon opinion for the management of 

shoulder pain are discussed in study 2. Surgical decision-making is typically informed 

by a combination of factors including available clinical guidelines, surgeon education, 

surgeon personal experience, and individual patient factors.  

No previous reports of indications for shoulder surgery criteria in Australia have 

been reported, to determine if Australian surgeon opinion is aligned with reports from 

other countries. Western Australian shoulder surgeon opinion was explored regarding 

indications for shoulder surgery, physical tests most commonly used to support surgical 

decision-making, findings at surgery that may be predictive of outcome after shoulder 

surgery and opinion about what constitutes a successful outcome after shoulder surgery.  

Study 2 is reproduced in this chapter as published in the Australian New Zealand 

Journal of Surgery. Supplementary documentation for this paper, the Rotator Cuff 

Survey part 1 and 2, is included in Appendix B. 
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ROTATOR CUFF DISEASE: OPINION REGARDING SURGICAL 

CRITERIA AND LIKELY OUTCOME  

4.1 Abstract 

4.1.1 Background 

Clinical guidelines for the management of rotator cuff disease are not clear. Surgeon 

surveys in the USA and UK lack agreement regarding surgical indications. Physical 

examination tests aid surgical decision-making but also lack robust evidence. Study aims 

were to evaluate: Western Australian (WA) Orthopaedic Surgeons’ perceptions about 

surgical indications; utility of physical examination tests; findings at surgery predictive 

of outcome and surgeon opinion of a successful surgical outcome. 

4.1.2 Methods 

An anonymous rotator cuff survey, previously reported by the American Academy 

of Orthopaedic Surgeons, was emailed to all surgeons listed with the Australian 

Orthopaedic Association (AOA) in WA. Surgeons who treated patients for rotator cuff 

disease during the previous 12 months were invited to complete the rotator cuff survey 

and four additional questions were included to capture the above criteria of interest. 

4.1.3 Results 

Within a close community of surgeons based in Western Australia (n=23) 

considerable heterogeneity exists in surgical decision-making criteria. A successful 

surgical outcome was considered to include reduced pain levels, restoration of 

movement and function and gains in muscle strength. 

4.1.4 Conclusions 

Research is required to inform robust clinical practice guidelines for rotator cuff 

surgery.  Identification of prognostic factors for successful surgical outcome is 

imperative. 
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4.2 Introduction 

Shoulder pain due to rotator cuff disease (RCD) is a frequently reported 

musculoskeletal complaint, with prevalence rates reported to be as high as 36% during 

adult life.1 Surgery may be indicated after failure to respond to a conservative program that 

can include pharmacology, injection therapy, physiotherapy and exercise rehabilitation.  

Surgical criteria for RCD are not clear, with clinical practice guidelines and surveys of 

surgeon opinion outlining a lack of consensus between surgeons for the management of 

RCD.2 3, 4 Evidence-based clinical guidelines, surgeon education, surgeon personal 

experience and individual patient factors, may inform surgical decision-making. The lack 

of robust clinical guidelines is a result of limited high quality evidence.2, 5  

Clinical examination tests, such as weakness or pain on muscle testing 4 or clinical 

orthopaedic tests 6-8 may assist with decision-making, however tests also lack robust 

evidence. A systematic review determined that most tests for RCD are inconclusive, with 

limited recommendation for their clinical use.9  

Surgical views may be similar in the Australian orthopaedic community as the USA 

and UK, however surgeon opinion in Australia has not been reported. The aims of this 

study were to survey Western Australian (WA) orthopaedic surgeons’ for opinions 

regarding (i) indications for rotator cuff surgery; (ii) physical examination tests most 

commonly utilised; (iii) findings at surgery that may be predictive of outcome; and (iv) 

what constitutes a successful surgical outcome 

4.3 Methods   

A link to an anonymous rotator cuff survey, including questions previously reported 

by the American Academy of Orthopaedic Surgeons (AAOS) 3 plus four additional 

questions, was emailed during December 2013 and January 2014 to all surgeons listed 

with the Australian Orthopaedic Association (AOA) in WA. Surgeons who treated 

patients for RCD during the previous 12 months were invited to complete the survey, 

with a cover letter from an AOA surgeon and co-investigator, M.H. included with the 

survey to encourage surgeon participation, with consent implied by participation. An 

initial screening question determined that only surgeons having performed surgery for 

RCD during the previous 12 months were directed to proceed with the survey. Ethical 

approval was attained from the Human Research and Ethics Committee at Curtin 

University (approval number HR 178/2013). 
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The survey (Appendix B) established surgeon characteristics (consultancy practice 

years, number of rotator cuff repairs (RCR) performed during the past year, preferred 

method of repair for a 2cm full thickness tear and estimated percentage annual failure 

rate (defined as patient dissatisfaction) for patients undergoing RCR in WA. Specific 

questions pertaining to RCD surgery included management of clinical case vignettes, 

opinion on clinical statements, number of steroid injections given safely in one year and 

factors facilitating greater patient involvement in surgical decision-making. The 

vignettes described four common clinical presentations, with a tear confirmed on 

magnetic resonance imaging, for which respondents were asked to select one of four 

management options; conservative treatment (with physiotherapy or cortisone injection) 

or surgery (with or without RCR). The clinical statements surveyed opinion about 

factors that might influence choice of management for patients with RCD and 

respondents were asked to rate the importance on a 5-point Likert scale (strongly 

disagree, disagree, indifferent, agree, and strongly agree). Responses for agree and 

strongly agree, and disagree and strongly disagree, were pooled to determine levels of 

clinical agreement or disagreement respectively.  Clinical agreement was defined as 80% 

or higher consensus between surgeons answering similarly, as previously reported in the 

AAOS study.3 Four additional questions were developed in consultation with WA 

surgeons: three questions regarding physical examination tests most commonly used for 

surgical decision-making; findings at the time of surgery predictive of outcome at 12 

months; and what would be considered a successful outcome for repair of a 1cm by 1cm 

supraspinatus tear in the critical zone. 

4.4 Results 

Twenty-six surgeons attempted the survey. Three respondents were excluded from 

further analysis (one indicated they had not performed shoulder surgery during the 

previous year and two only partly completed the survey), leaving a sample group of 23 

respondents. While it is likely these respondents include all 24 surgeons listed on the 

AOA website as ‘Shoulder and Elbow surgeons’, suggesting a 100% response rate, the 

anonymous nature of the survey precludes this definitive conclusion. 

4.4.1 Surgeon characteristics 

The mean number of rotator cuff surgeries undertaken was 80 cases per year 

(ranging from 12-200 cases with a median of 75 cases).  The mean years of consultation 
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practice was 8.5 years (ranging from 1 to 25 years with a median of 5 years). Annual 

estimated failure rate (defined as patient dissatisfaction) recorded a mean of 12% 

(ranging from 2-25% per year with a median of 10%).  The preferred surgical technique 

for repair of a 2cm full thickness supraspinatus tear in the critical zone was mini-open 

(n=17, 74%) over arthroscopic (n=4, 16%) or open (n=2, 8%).  

4.4.2  Clinical vignettes 

Clinical agreement (>80%) was attained for only one vignette (vignette 2), with no 

consensus attained for management of the other three vignettes, with results summarised 

in Table 4.1. 

4.4.3  Clinical statements regarding surgery for RCD 

Only one statement achieved clinical agreement (>80%); that the duration and 

frequency of rehabilitation should be discussed pre-operatively with the patient 

(Table 4.2).  

4.4.4 Steroid injections per year 

Most surgeons (70%) believed that the maximum number of steroid injections 

safely administered in one year to patients with RCD was three injections. Other 

surgeons believed that one (4%), two (4%), four (9%) or five (13%) could safely be 

given per year. 

4.4.5 Factors for patients to be more involved in the decision-making 

process for surgery 

Most respondents (87%) reported their patients are already sufficiently involved in 

the decision-making process, however the provision of more information (26%), longer 

pre-operative appointments (13%) and a higher patient education level (13%) were also 

considered important factors. 
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Table 4.1 Percentage of clinical agreement among surgeons regarding rotator cuff clinical vignettes 

Vignette Vignette scenario 

Conservative 

Physiotherapy 

Conservative 

Cortisone 

Surgery with  

RCR 

Surgery without 

RCR 

1 Young labourer with traumatic, partial thickness tear with pain but 

no weakness, who has failed to respond to three months of physical 

therapy 

4  (17%) 6  (26%) 11  (48%) 2  (9%) 

2 Young labourer with a traumatic, full thickness tear with minimal 

pain and the presence of muscle weakness 

4  (17%) 0  (0%) 19  (83%)* 0  (0%) 

3 Middle aged, insidious onset small full thickness tear, reporting mild 

discomfort for one year, with no treatment received to date 

9  (39%) 5  (22%) 9  (39%) 0  (0%) 

4 Active, older patient, who sustained a traumatic event one week ago 

and now has poor function and cannot lift the arm 

12  (52%) 2  (9%) 8  (35%) 1  (4%) 

*Denotes clinical agreement >80% 

Abbreviation: RCR – rotator cuff repair 
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Table 4.2 Percentage of clinical agreement among surgeons regarding factors affecting surgical decision-making 

Statement Surgeon opinion on clinical statements  Total disagree Indifferent Total agree  

1 Physiotherapy is useful for full-thickness rotator cuff tears  4  (17%) 5  (22%) 14  (61%) 

2 The use of a steroid injection is contraindicated in potential surgical candidates 16  (70%) 3  (13%) 4  (17%) 

3 Patients should expect to have a ‘normal’ shoulder after rotator cuff repair 13  (57%) 3  (13%) 7  (30%) 

4 The surgeon should decide whether the patient should have a rotator cuff repair and then 

tell them to have (or not to have) surgery. 

12  (52%) 6  (26%) 5  (22%) 

5 When recommending rotator cuff surgery, the surgeon should explain the options and let 

the patient decide whether to have the surgery 

3  (13%) 2  (9%) 18  (78%) 

6 A major reason to repair rotator cuff tears is to prevent progression of the tear 6  (26%) 5  (22%) 12  (52%) 

7 A major reason to repair rotator cuff tears is to prevent osteoarthritis of the shoulder  14  (61%) 6  (26%) 3  (13%) 

8 Surgeons should spend more time discussing the pros and cons of rotator cuff repair with 

patients pre-operatively. 

3  (13%) 9  (39%) 11  (48%) 

9 The expected frequency and duration of post-operative rotator cuff rehabilitation should 

be discussed with patients pre-operatively 

0  (0%) 0  (0%) 23(100%)* 

* Denotes clinical agreement >80% 
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4.4.6 Physical examination tests used in decision-making for surgery 

Active range (96%), Hawkins test (87%), passive range (78%), painful arc (78%), 

isometric muscle tests (57%), Neer sign (57%), empty can test (57%) and drop arm test 

(52%) were identified as the tests most frequently utilised, with most surgeons using a 

cluster of four or more tests. 

4.4.7 Findings at surgery predictive of outcome 

Intra-operative findings considered predictive of 12-month outcome related 

primarily to the presence of tendon pathology (quality of tissue (65%), degree of tendon 

retraction (39%), ease of tendon reduction (30%), size of tear (35%) or irreparable 

tendon (9%)). Other factors observed intra-operatively included co-morbidities such as 

glenohumeral joint osteoarthritis (13%), acromioclavicular joint pathology (9%), 

presence of inflammation (9%), long head of biceps pathology (4%) or presence of fat 

atrophy (4%)). 

4.4.8 Surgeon classification of a successful outcome 

A successful surgical outcome was considered to relate to a cluster of three or more 

factors including minimal or no pain (74%), restoration of range of active and passive 

range (52%), return to functional activities (52%), minimal strength deficit (39%) and a 

healed tendon (13%).  

4.5 Discussion 

Within a close community of surgeons based in Western Australia (n=23) 

considerable heterogeneity exists in surgical decision-making criteria, consistent with 

previous studies from the USA and UK.3, 4 This study surveyed a younger surgeon 

sample (9 versus 18 years of consultancy practice in USA study), with a similar 

estimated failure rate (12% versus 15%).3 The trend towards mini-open and arthroscopic 

procedures in this study is likely to reflect advances in surgical techniques utilised by 

more recently trained shoulder surgeons. 

Clinical agreement was achieved for only vignette 2 in this study, whereas the 

previous USA study failed to achieve agreement for any vignette. For Vignette 1, less 

than half of surgeons surveyed (48%) recommended surgery with RCR, despite weak 
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evidence that early surgical repair for tear after traumatic injury is indicated 2 and failure 

of a conservative physiotherapy program is considered to be an indication for surgery.4 

For Vignette 2, clinical agreement (83%) was attained for surgery with RCR, in keeping 

with clinical guidelines recommending early surgical repair for full thickness tears after 

traumatic injury.2 For Vignette 3 conservative management was recommended by 61%, 

with physiotherapy (39%) favoured over cortisone injection (22%). Evidence for 

physiotherapy and corticosteroid injection is inconclusive,2 however surveys of surgeon 

opinion suggest a minimum three months of physiotherapy prior to considering surgery.3, 

4  Surgery with RCR was recommended by only 39% of surgeons, which may reflect 

their awareness of weak evidence for RCR in patients with chronic, symptomatic, full 

thickness tears.2  For Vignette 4 approximately one third (35%) recommended surgery 

with RCR despite the presence of poor tendon health on MRI, contrary to clinical 

guidelines that suggest the presence of fat atrophy on MRI correlates with less 

favourable outcome of surgery.2 

The presence of pain is usually a reason why patients seek treatment, however a 

poor correlation between pain severity and rotator cuff tear severity has been reported.10  

Both vignette 2 and 3 report minimal pain levels, however twice as many surgeons 

recommended surgery for vignette 2 over vignette 3 (83% versus 39%), suggesting the 

decision to operate is multifactorial. Traumatic onset, younger age, larger tendon tear 

and muscle weakness in vignette 2 may all influence surgical decision-making. Clinical 

guidelines report increasing age weakly correlates with less favourable outcomes after 

RCR surgery.2, 11 Younger age was a factor for consideration in vignette 1 and 2 with a 

young labourer reported to have a partial thickness tear in vignette 1 and a full thickness 

tear in vignette 2. Consensus for surgery with RCR was attained on vignette 2 only 

(83%), versus vignette 1 (48%), indicating that the presence of a full thickness tear in 

vignette 2 more strongly influenced the decision for surgery than age. Age-related 

degenerative changes are considered part of the natural history of RCD, are frequently 

asymptomatic 12, 13 and full thickness tear prevalence in asymptomatic individuals over 

60 is reported to range from 25% - 50%, increasing after 80 years.12, 14 

Clinical statements regarding surgery for RCD (Table 4.2) reached consensus 

(100%) on only one factor (expected frequency and duration of post-operative rotator 

cuff rehabilitation should be discussed with patients pre-operatively) and showed a trend 

towards consensus (78%) on another (surgeon should explain the options and let the 

patient decide whether to have surgery), which is aligned with previous results.3 
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Consensus (>80%) was not attained for the remaining seven statements: physiotherapy is 

useful for full thickness tears (61% agreement); the use of a steroid injection is 

contraindicated in potential surgical candidates (70% disagreement); patients should 

expect to have a normal shoulder after RCR (57% disagreement); surgeon should decide 

for or against RCR (52% disagreement); major reason for RCR is to prevent tear 

progression (52% agreement) or osteoarthritis (61% disagreement); and pros and cons of 

surgery should be discussed pre-operatively (48% agreement, 39% indifferent). The lack 

of consensus with clinical statements is despite evidence that exercise therapy has been 

associated with alleviation of symptoms in patients with full thickness tears 15-17 and 

recommended for rotator cuff related symptoms, in the absence of full thickness tears.2 

Low patient expectations regarding the effectiveness of physiotherapy has been shown to 

be a strong predictor of the decision to undergo surgery.18 Evidence for the use of 

corticosteroid injections in patients with rotator cuff tears is inconclusive,2 with weak 

evidence supporting corticosteroid injection for RCD,19 however a recent systematic 

review suggests emerging evidence of significant long-term harm to tendon tissue with 

corticosteroid injection.20 There was a lack of consensus for the role of RCR surgery to 

prevent tear progression or osteoarthritis. Tear progression has been reported in 50% of 

asymptomatic full thickness tears that go on to develop symptoms within 2-3 years.12 

The pathogenesis of rotator cuff arthropathy in conservatively managed tears has been 

reported to relate to the number of ruptured rotator cuff tendons.21 However, poor 

correlation between pathological changes and functional status has been reported with 

superior migration of the humeral head and deterioration in tendon quality occurring 

without the loss of shoulder function.21 

Multiple intra-operative factors were considered prognostic of outcome with tendon 

quality, tear size, location, ease of tendon repair and the presence of associated pathology 

considered most relevant. These findings are in keeping with clinical guidelines and 

surveys of surgical opinion undertaken in USA and UK that report that tear size and the 

presence of fat atrophy correlate with less favourable surgical outcome.2, 4 However these 

findings are at odds with a recent meta-analysis reporting that the structural integrity of the 

repaired tendon does not correlate with clinically important differences in patient function 

and pain relief after RCR.22 Most surgeons agree that successful outcome includes reduced 

pain levels, restoration of movement and function and gains in muscle strength. 

Recent evidence suggests that shoulder pain is multifactorial and influenced by 

physical (movement behaviour, muscle control, mobility restriction),23 psychological,24 
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tissue sensitivity25, 26  and lifestyle (such as general health, smoking, diet and physical 

activity)27 factors. Surgeons should be cognisant of multidimensional contributing 

factors, when deciding appropriate management for patients. 

Given the current lack of evidence supporting surgery over conservative management 

for RCD, a minimum period of three months physiotherapy-led education regarding load 

management and lifestyle factors and targeted exercise rehabilitation should be undertaken 

prior to surgery.28-30 As patients who have low expectations regarding the effectiveness of 

physiotherapy are more likely to fail non-operative treatment,18 surgeons should not only 

consider promoting physiotherapy management as a first choice, but also reinforce a 

positive expectation regarding the outcome of a conservative approach. Surgical criteria 

should include failure to respond to an extended course of physiotherapy-led exercise 

rehabilitation, as well as consideration of multifactorial contributors to outcomes such as 

mental health.24 This will likely result in a reduction in unnecessary surgery, minimise the 

cost and risk of surgery from the patient’s perspective and improve indications for patient 

selection for rotator cuff surgery. 

Future studies that identify prognostic factors for conservative and surgical 

outcomes are imperative.  The development of a model of care for shoulder pain, similar 

to the national strategy for osteoarthritis,31 would facilitate an assessment process that 

includes general health, lifestyle and psychosocial screening alongside pathology 

specific considerations.  Intervention studies targeting baseline physical, psychological 

or tissue sensitivity, such as physiotherapy-led exercise rehabilitation, cognitive 

functional approaches or targeted pharmacology may elucidate the influence of these 

factors on outcome. 

There are a number of limitations noted in this study. Firstly, data collected was 

from the WA orthopaedic community resulting in a small sample size that may not be 

representative of surgical opinion throughout Australia, however findings are similar to 

those previously reported in the USA and UK. Secondly, only surgeons listed as 

members of the Australian Orthopaedic Association were invited to participate in the 

study and the sample group may not include all WA shoulder surgeons. Thirdly, the 

limited clinical information provided in the vignettes may lead to different 

interpretations between surgeons with regard to management choice. The rotator cuff 

survey was used as initially developed to allow comparison of responses between studies 

and changes in management views over the past decade. 
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4.6 Conclusions 

Within a close community of surgeons based in Western Australia (n=23) 

considerable heterogeneity exists in surgical decision-making criteria, that is consistent 

with a previous USA study, and highlight the lack of robust clinical guidelines to inform 

patient selection for rotator cuff surgery. Research is required to inform robust clinical 

practice guidelines for rotator cuff surgery.  Identification of prognostic factors for 

successful surgical outcome is imperative. 
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Introduction to Study Three 

The rising surgical trends globally and in Western Australia discussed in study 1, 

and the lack of robust shoulder surgery criteria discussed in study 2, are a concern. 

Efficacy for some shoulder surgical procedures has also been questioned. 

Shoulder surgery targets the structural aspects of shoulder pain. The contemporary 

understanding of shoulder pain underpins a biopsychosocial approach to assessment and 

management. This biopsychosocial approach is discussed in study 3. Multidimensional 

factors, such as health comorbidities, social, lifestyle, and psychological factors and 

patient expectations, have more recently been considered of important factors for their 

association with shoulder pain and disability. These factors may also be associated with 

surgical outcomes.  

Psychological factors, such as moods and emotions, thoughts and beliefs, are known 

to be important for their association with shoulder pain and disability. Moods and 

emotions (affective factors) have been explored for their association with outcome after 

shoulder surgery.  However, thoughts and beliefs (cognitive factors) have not yet been 

explored for their association with outcome after shoulder surgery.  There may also be 

conceptual overlap between affective and cognitive factors, but this has not yet been 

explored for individuals undergoing shoulder surgery.  

Therefore, study 3 explored the existence of clusters of individuals with shoulder 

pain with differing psychological profiles, and their association with pain and disability 

outcome after shoulder surgery.  

Study 3 is reproduced in this chapter, as accepted for publication in Clinical 

Orthopaedics and Related Research. Supplementary documentation for this paper is 

included in Appendix C. This information includes: (1) Section C.1, Supplementary 

detail regarding Latent Class Analysis (2) Table C.1, Univariate association between 

potential confounding variables and ASES over time, and (3) Table C.2, Differences in 

potential confounding variables between the two psychological clusters. 
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ARE PSYCHOLOGICAL FACTORS ASSOCIATED WITH SHOULDER 

SCORES AFTER ROTATOR CUFF SURGERY?  

5.1  Abstract 

5.1.1  Background 

Psychological factors are associated with pain and disability in patients with chronic 

shoulder pain. Recent research regarding the association of affective psychological 

factors (emotions) with patients’ pain and disability outcome after surgery is not 

consistent; and the relationship between cognitive psychological factors (thoughts and 

beliefs) and outcome after surgery is unknown.  

5.1.2  Questions/purposes 

1. Are there identifiable clusters (based on psychological functioning measures) in 

patients undergoing shoulder surgery?  

2. Is poorer psychological functioning associated with worse outcome (American 

Shoulder and Elbow Surgeons [ASES] score) after shoulder surgery? 

5.1.3  Methods 

This prospective cohort study investigated patients undergoing shoulder surgery for 

rotator cuff-related shoulder pain or rotator cuff tear by one of six surgeons between 

January 2014 and July 2015. Inclusion criteria were patients undergoing surgery for 

rotator cuff repair with or without subacromial decompression and arthroscopic 

subacromial decompression only. Of 153 patients who were recruited and consented to 

participate in the study, 16 withdrew before data collection, leaving 137 who underwent 

surgery and were included in analyses. Of these, 124 (46 of 124 [37%] female; median 

age, 54 years [range, 21-79 years]) had a complete set of four psychological measures 

before surgery: Depression, Anxiety and Stress Scale; Pain Catastrophizing Scale; Pain 

Self-Efficacy Questionnaire; and Tampa Scale for Kinesiophobia. The existence of 

clusters of people with different profiles of affective and cognitive factors was 

investigated using latent class analysis, which grouped people according to their pattern 

of scores on the four psychological measures. Resultant clusters were profiled on 

potential confounding variables. The ASES score was measured before surgery and 3 
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and 12 months after surgery. Linear mixed models assessed the association between 

psychological cluster membership before surgery and trajectories of ASES score over 

time adjusting for potential confounding variables.  

5.1.4  Results 

Two clusters were identified: one cluster (84 of 124 [68%]) had lower scores 

indicating better psychological functioning and a second cluster (40 of 124 [32%]) had 

higher scores indicating poorer psychological functioning. Accounting for all variables, 

the cluster with poorer psychological functioning was found to be independently 

associated with worse ASES score at all time points (regression coefficient for ASES: 

before surgery -9 [95% confidence interval {CI}, -16 to -2], p = 0.011); 3 months after 

surgery -15 [95% CI, -23 to -8], p < 0.001); and 12 months after surgery -9 [95% CI, -17 

to -1], p = 0.023). However, both clusters showed improvement in ASES score from 

before to 12 months after surgery, and there was no difference in the amount of 

improvement between clusters (regression coefficient for ASES: cluster with poorer 

psychological function 31 [95% CI, 26-36], p < 0.001); cluster with better psychological 

function 31 [95% CI, 23-39], p < 0.001). 

5.1.5  Conclusions 

Patients who scored poorly on a range of psychological measures before shoulder 

surgery displayed worse ASES scores at 3 and 12 months after surgery. Screening of 

psychological factors before surgery is recommended to identify patients with poor 

psychological function. Such patients may warrant additional behavioural or 

psychological management before proceeding to surgery. However, further research is 

needed to determine the optimal management for patients with poorer psychological 

function to improve pain and disability levels before and after surgery.  

Level of Evidence: Level II, therapeutic study. 
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5.2 Introduction 

Psychological factors are associated with pain and disability in a range of 

musculoskeletal disorders1-6 including the shoulder.7-10 Affective psychological factors, 

including depression and anxiety, are associated with longer duration of shoulder 

symptoms,10 higher levels of shoulder disability9, 11 and poorer quality of life.9 Cognitive 

psychological factors, including negative pain beliefs and catastrophizing,11-15 

kinesiophobia,13, 14, 16, 17 and low pain self-efficacy18, 19 are associated with higher levels 

of shoulder pain and disability 14, 16, 18 and predictive of poor outcome or nonrecovery 

after conservative management.12-14, 17, 19  

For orthopaedic surgery, affective psychological factors, including depression and 

anxiety, are associated with worse outcomes for hip,20, 21 knee,20, 21 and spinal22 surgery. 

For shoulder surgery, recent studies investigating psychological factors have differed in 

their findings. Three studies reported no association of affective factors before surgery 

and pain and disability levels after surgery 23-25 and one study reported an association of 

affective factors with greater pain and disability after surgery.26 The association of 

cognitive factors such as pain beliefs, catastrophizing, kinesiophobia, and self-efficacy 

with outcome after surgery has not been reported; however, one study has reported an 

association of affective and cognitive factors with shoulder pain.11  

Conceptual overlap between affective and cognitive factors has been reported in 

chronic musculoskeletal pain,27 low back pain4, 28 and knee osteoarthritis1 and may 

reflect a level of general psychological distress. Alternatively, there may be important 

distinctions between these two factors, as identified in a study by Rabey4 in which 

people with chronic low back pain were grouped statistically (clustered) according to 

their individual pattern across a number of different measures of affective and cognitive 

psychological functioning. Three psychological clusters were identified: one cluster 

scoring low on all affective and cognitive measures representing better psychological 

functioning, another scoring high on cognitive measures only, and one-third scoring high 

across all affective and cognitive measures, representing poorer psychological function.  

To date, most shoulder surgery studies have only explored the association of 

affective psychological factors on outcome. The association of poor psychological 

function with outcome after shoulder surgery remains controversial. Differential patterns 

of affective and cognitive psychological factors in patients undergoing shoulder surgery 

may be evident and potentially associated with pain and disability levels before and after 
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surgery; however, this remains unexplored. In view of the limited high-quality evidence 

to support some shoulder surgery procedures such as subacromial decompression 

surgery,29 greater focus on the biopsychosocial dimension as a contributor to shoulder 

pain and disability is imperative.  

Therefore, we asked: (1) Are there identifiable clusters (based on psychological 

functioning measures) in patients undergoing shoulder surgery? (2) Is poorer 

psychological functioning associated with worse outcome (American Shoulder and 

Elbow Surgeons [ASES] score) after shoulder surgery? 

5.3  Patients and Methods 

A prospective longitudinal observational study of adult patients undergoing 

shoulder surgery was undertaken at one private and two public hospitals in Perth, 

Western Australia, during an 18-month period from January 2014 to July 2015. Study 

approval was attained from the Human Research Ethics Committees at Curtin University 

and Sir Charles Gairdner Hospital, Perth, Western Australia. All patients scheduled for 

shoulder surgery (n = 184) by one of six participating surgeons (MH, JS, GB, SG, PK, 

AT) were invited to participate. Three surgeons (JS, PK, AT) operated across the three 

hospital settings. Data collection at 3 and 12 months after surgery was completed 

between April 2014 and July 2016. Inclusion criteria were patients scheduled for surgery 

for rotator cuff repair with or without subacromial decompression for partial or full 

thickness tears (n = 55) and arthroscopic subacromial decompression only (n = 43). The 

type of surgery was unable to be ascertained for 26 participants as a result of inaccessible 

surgical records. All participants underwent surgery on one shoulder only. Exclusion 

criteria were prior neck surgery, prior surgery on the same shoulder, presence of 

rheumatoid arthritis, fibromyalgia, local or malignant cancer, glenohumeral joint 

osteoarthritis, or an inability to comprehend English. Paper copies of all questionnaires 

were mailed for completion during the week before their scheduled surgery and the 

ASES questionnaire was mailed for completion at 3 and 12 months after surgery. A 

physical assessment was undertaken during the week before surgery in the surgical or 

physiotherapy clinic. Of the 184 patients who were invited to take part in the study, 14 

were excluded, six were not able to be contacted, and 11 declined to participate, leaving 

153 who were recruited and consented to participate. Of these, 16 patients withdrew 

before data collection as a result of cancellation of surgery, conservative management, or 

they changed their mind about study participation, leaving 137 patients who underwent 
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surgery and were included in analyses. Of these, 124 had a complete set of psychological 

measures before surgery and were included in the primary analyses of this study (Figure 

5.1). Median age was 54 years (range, 21-79 years) and 46 of 124 (37%) were women. 

5.3.1  Measurement of ASES score 

The primary outcome variable was the ASES score30 that was completed before 

surgery and 3 and 12 months after surgery. The ASES score contains a pain subscale 

with one pain item (10-cm visual analog scale) and a function subscale with 10 

functional items (questions are rated on a 4-point Likert scale for level of difficulty) with 

total score 0 to 100 (pain subscale 0-50; function/disability subscale 0-50) with lower 

scores indicating greater pain and disability. The ASES score has been reported to have 

good reliability and validity,31-33 is a robust shoulder pain and disability measure able to 

differentiate between patients making small versus large gains in pain and disability 

level,34 and change scores in the range of 12 to 17 are considered a minimal clinically 

important change.35 

5.3.2  Measurement of Psychological Function 

Four self-report psychological questionnaires were completed before surgery. The 

Depression, Anxiety and Stress scale (DASS)36 is a 42-item, valid,37, 38 and reliable39 

measure containing three subscales of depression, anxiety, and stress with scores ranging 

from 0 to 42. Higher scores reflect higher levels of depression (moderate 14-20; severe 21-

27; extremely severe 28+), anxiety (moderate 10-14; severe 15-19; extremely severe 20+), 

or stress (moderate 19-25; severe 26-33; extremely severe 34+). The Pain Catastrophizing 

Scale (PCS)40 is a 13-item, valid and reliable 41, 42 measure of thoughts and feelings that 

may be experienced in the presence of pain with scores ranging from 0 to 52 with higher 

scores reflecting greater catastrophizing. The Pain Self-Efficacy Questionnaire (PSEQ)43 is 

a 10-item, valid and reliable questionnaire 43-45 evaluating the pain self-efficacy of an 

individual for a range of issues with scores ranging from 0 to 60 with lower scores 

reflecting poorer self-efficacy beliefs. The Tampa Scale of Kinesiophobia (TSK-11)46 is an 

11-item, valid and reliable 47-49 questionnaire that examines fear of movement or reinjury 

with scores ranging from 11 to 44 with higher scores reflecting greater pain-related fear. 

Recommendations regarding missing data management were followed where available. If 

there were two or less missing items, the average of the other items was imputed to 

calculate a total score; otherwise, totals were recorded as missing.  
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Figure 5.1 Flow chart illustrating the recruitment of participants into the study 

with psychological indicator measures and ASES score 

Abbreviations: ASES = American Shoulder and Elbow Surgeons Score 

Statistical Analysis 

Latent class analysis is a statistical technique used to subgroup people according to 

their scoring patterns across a number of variables (indicators) in such a way that people 

within a particular subgroup have a similar scoring pattern across the variables and the 

difference in scoring patterns across subgroups is as distinct as possible.50 This technique 

was chosen to investigate the existence of clusters of people with differential profiles of 

psychological functioning using measures of pain self-efficacy (PSEQ), pain 

catastrophizing (PCS), fear of movement (TSK), and depression, anxiety and stress 

(DASS) as indicators. Thus, the resultant subgroups can be considered a “latent” variable 

identified by the indicator variables, which represent a more complex construct, in this 

case combined affective and cognitive functioning. Latent class analysis was used 
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because it has advantages over other statistical techniques for subgrouping individuals in 

that it uses maximum likelihood estimation to allow a statistical evaluation of the 

optimal number of clusters, allows inclusion of variables with nonnormal distributions, 

and provides classification probabilities for each person.51 All four indicator variables 

(PSEQ, PCS, DASS, and TSK) were used in continuous form in the latent class analysis 

with PCS and DASS set as zero truncated to adjust for right-skewed sample distributions 

of these variables and PSEQ reversed so that higher scores represented worse 

functioning across all four measures. Further details regarding latent class analysis are 

included in Appendix C, Section C.1.  

5.3.3 Confounding Variables 

Potential confounding variables of the relationship between psychological cluster 

membership and ASES scores were taken from the demographic, health and lifestyle, 

and surgical dimensions and based on previously established associations with shoulder 

pain and disability, 9, 10, 12-14, 16-18 low back pain3, 4 and knee pain.1 

Height and weight measures were taken during the physical examination before 

surgery and used to calculate body mass index. The self-report questionnaire booklet 

before surgery recorded age, gender, smoking (yes/no), alcohol use (never, monthly or 

less, 2-4 days per month, 2-3 days per week, > 4 days per week), health comorbidities 

(none, one or more comorbidities), education level (high school or less, tertiary college, 

university), occupation (lifting tasks/no lifting), an active workers’ compensation claim 

(yes/no), duration of symptom history (< 1 year,  1 year), hospital setting 

(public/private), primary surgical procedure group, and confidence in recovery from 

surgery. Confidence in recovery from surgery was determined on a 0 to 10 Likert scale 

in response to the question “How confident are you that your shoulder symptoms will 

improve after surgery?” with 0 representing “not confident” and 10 representing 

“completely confident.” Responses were subgrouped into a binary variable, around the 

median score of 8, with higher confidence denoted by a score of  8 and lower 

confidence represented by a score of < 8.  

Assessment of Potential Confounding Variables 

Clusters were profiled according to potential confounding variables using an 

independent t-test (normally distributed data), chi-square analysis (categorical data), or 

Wilcoxon rank-sum (Mann-Whitney) test (ordinal/count data). Linear mixed-effects 
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regression models with random intercept and time as a factor variable were used to 

assess the association of each variable with ASES score. For each variable, an interaction 

with time was assessed to test if the association differed according to time and in the 

absence of interaction estimates were pooled over time. Variables demonstrating an 

association with ASES score at p < 0.100 were included as potential confounders in 

subsequent analyses testing the association between cluster membership and ASES score 

over time. Univariate associations between potential confounding variables and ASES 

scores are detailed (Appendix C, Table C.1) and differences in potential confounding 

variables between psychological clusters are detailed (Appendix C, Table C.2). 

5.3.4 Assessment of the Association Between Cluster Membership and ASES 

score 

A linear mixed-effects regression model with random intercept and time and 

psychological cluster membership as factor variables were used to assess the association of 

psychological cluster membership with ASES score over time. A time-by-psychological 

cluster interaction term was included to allow separate estimates for each group at each 

time point and thus test the difference between these measures according to psychological 

cluster membership at each time point as well as assess differential changes between 

groups over time. The model was adjusted for variables identified as potential confounders 

as described previously. Ninety-five percent confidence intervals and p values are 

provided for all contrasts of interest. Linear mixed-effects regression models have 

advantages over traditionally used repeated-measures analysis of variance in these 

circumstances because they (1) allow the correlation of the within-subject repeated 

measures to be explicitly accounted for; (2) allow flexible modeling of time; and (3) allow 

use of all cases including those with missing data at one or more time points, which allows 

for unbiased estimates for time points with missing data providing data are at least missing 

at random52. Cases were used in this final analysis if they had (1) measures of all four 

psychological indicator variables at baseline; and (2) ASES scores for least at one of the 

three time points. A sensitivity analysis was performed by imputing cluster membership 

for those cases missing psychological indicator variables at baseline based on any 

available psychological variables and variables associated with cluster membership. 

Analyses were performed using LatentGold Version 5.0 (Statistical Innovations Inc, 

Belmont, MA, USA) and STATA Version 14.1 (StataCorp, College Station, TX, USA). 
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5.4 Results 

5.4.1 Are There Psychological Clusters in Patients Undergoing Shoulder 

Surgery? 

Two distinct clusters were identified (Figure 5.2): one cluster with better 

psychological functioning (84 of 124 [68%]) and a second cluster with poorer 

psychological functioning (40 of 124 [32%]). Akaike’s information criterion, Bayesian 

information criterion, and consistent Akaike’s information criterion were used to assess 

and compare the statistics of the one- to five-cluster models (Table 5.1). 

 

Figure 5.2 Cluster profiles identified from psychological indicator 

variables used in latent class analysis 

Dark line represents cluster with poorer psychological function (32% of sample) and light line represents 

cluster with better psychological function (68% of sample). Data is presented as medians and interquartile 

range. 

Abbreviations: PSEQ – Pain Self-Efficacy Questionnaire: (reversed score) possible range: 0-60 (higher score 

= lower pain self efficacy); PCS – Pain Catastrophising Scale; possible range: 0-52 (higher score = greater 

pain catastrophising); DASS – Depression Anxiety Stress Scale; possible range: 0-126 (higher score = 

greater psychological distress); TSK – Tampa Scale for Kinesiophobia: possible range: 1-44 (higher score = 

greater pain related fear of movement); C1: Better Psychological Function; C2: Worse Psychological 

Function; IQR – interquartile range. 
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Table 5.1 Latent Class Analysis measures of model fit and classification accuracy for 

1 to 6 cluster models of psychological functioning 

Number of 
classes BIC(LL)* AIC(LL)* CAIC(LL)* 

Classification  
error† Entropy R2‡ 

1 3755 3732 3763 0.00 NA 

2 3594 3546 3611 0.05 0.80 

3 3587 3514 3613 0.10 0.76 

4 3597 3499 3632 0.11 0.80 

5 3612 3488 3656 0.13 0.78 

*Adjusts the LL value for the number of parameters in the model, thus accounting for model parsimony 

with a lower value indicating a more preferable model; †classification error indicates the proportion of 

cases that are estimated to be misclassified when cases are classified to the class for which they have the 

highest posterior probability with values closer to 0 desirable; ‡entropy R2 value indicates how well class 

membership can be predicted based on the indicator variables with values closer to 1 desirable. 

Abbreviations: BIC = Bayesian information criterion; AIC = Akaike’s information criterion; CAIC = consistent 

Akaike’s information criterion; LL = log likelihood; NA = not applicable. 

These statistics supported a three-, five-, and two-cluster model, respectively, but 

graphic inspection showed a leveling out of all three statistics from the two-cluster 

model upward. The classification accuracy of the two-cluster model was good with 

classification error and entropy R2 value equal to 0.05 and 0.80, respectively. The 

average (SD) posterior probability for better psychological function was 0.96 (0.08) and 

for poorer psychological function was 0.93 (0.13), which is well above the minimum 

value of 0.7 recommended for model adequacy,53 and the odds of correct classification 

were 11.8 and 27.0 for better and poorer psychological function, respectively, also well 

above the value of  5 suggested to indicate high assignment accuracy.53 Two- to five-

cluster models all demonstrated varying distinctions of better and poorer psychological 

functioning across all measures similarly with no patterns indicating a class with high 

scores on some indicator variables and not others. Given this and the acceptable fit of the 

two-cluster model, a two-cluster solution was chosen as the most parsimonious solution 

and participants assigned to the cluster for which they displayed the maximum posterior 

probability of membership for cluster profiling. The cluster with poorer psychological 

function exhibited moderate levels of depression and stress, anxiety within normal 

limits, high levels of kinesiophobia, mild to moderate levels of catastrophizing, and low 

levels of pain self-efficacy (Table 5.2).  
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Table 5.2 Individual psychological measures and confounding variables for the two 

clusters derived using latent class analysis 

Psychological measure 

Cluster with better 

psychological function 

(n = 84 [68%]) 

Cluster with poorer 

psychological function 

(n = 40 [32%]) p value 

DASS depression score 

(median [IQR]) 

(minimum, maximum) 

 

0 (0, 2) 

(0, 16) 

 

9.5 (5, 16) 

(0, 42) 

 

< 0.001‡ 

DASS anxiety score 

(median [IQR]) 

(minimum, maximum) 

 

0 (0,1) 

(0, 7) 

 

4 (2, 11) 

(0, 42) 

 

< 0.001‡ 

DASS stress score  

(median [IQR]) 

(minimum, maximum) 

 

2 (0,4) 

(0, 17) 

 

15.5 (10, 21) 

(0, 38) 

 

< 0.001‡ 

PCS (rumination)  

(median [IQR]) 

(minimum, maximum) 

 

2 (0,4) 

(0, 12) 

 

7.5 (4, 12) 

(0, 16) 

 

< 0.001‡ 

PCS (magnification) 

(median [IQR]) 

(minimum, maximum) 

 

1 (0, 1.5) 

(0, 5) 

 

4 (1.5, 7) 

(0, 12) 

 

< 0.001‡ 

PCS (helplessness)  

(median [IQR]) 

(minimum, maximum) 

 

2 (0, 5) 

(0, 11) 

 

8.5 (4.5, 14) 

(1, 23) 

 

< 0.001‡ 

PSEQ  

(median [IQR]) 

(minimum, maximum) 

 

48 (41.5, 53.5) 

(22, 60) 

 

26.5 (20, 37.5) 

(4, 60) 

 

< 0.001‡ 

TSK  

(median [IQR]) 

(minimum, maximum) 

 

22 (16.5, 26) 

(11, 41) 

 

28.8 (26, 33) 

(14, 43) 

 

< 0.001‡ 

Statistical test used: ‡Wilcoxon rank-sum test 
Abbreviations: DASS = Depression Anxiety Stress Scale; IQR = interquartile range; PCS = Pain 
Catastrophising Scale; PSEQ = Pain Self-Efficacy Questionnaire; TSK = Tampa Scale for Kinesiophobia 

5.4.2 Association of Psychological Function With ASES score 

The adjusted ASES scores were consistently better for those patients with better 

psychological functioning, where the mean (SD) adjusted ASES score before surgery 

and 3 and 12 months after surgery was 54.3 (18.0), 71.6 (16.3), and 86.2 (17.6), 

respectively, for the cluster with better psychological function and 39.5 (15.2), 52.2 

(18.4), and 74.9 (19.7), respectively, for the cluster with poorer psychological function 

(Figure 5.3).  At all time points, differences above or close to the minimal clinically 

important difference.35, 54 Similar changes over time were evident between clusters with 

both clusters displaying a significant improvement in ASES score from before surgery to 

3 months, from 3 to 12 months, and in total improvement over 12 months, but there was 

no difference in the amount of ASES score improvement between clusters (between-
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cluster difference in overall change before to 12 months after surgery = -0.1 points; 95% 

confidence interval [CI], -9.1 to 8.9) (Table 5.3). A sensitivity analysis was conducted 

whereby the latent class membership for the 13 participants missing some or all of the 

psychological indicator variables was estimated, utilizing the available baseline 

psychological data and those covariates associated with class membership. This resulted 

in almost identical findings regarding the differences between the clusters at and 

between the time points with both clusters displaying a significant improvement over 12 

months (change of 32 points for cluster with better psychological function and 31 for 

cluster with poorer psychological function) and no difference in the amount of ASES 

score improvement between clusters (between-cluster difference in overall change before 

to 12 months after surgery = -1.6 points; 95% CI, -9.9 to 6.7). The association between 

confounding variables and adjusted ASES score for all other variables showed that 

women had worse function (regression coefficient for ASES: -6.3 [95% CI, -11.1 to -

1.5], p = 0.010; as did patients with workers’ compensation (regression coefficient for 

ASES: -7.5 [95% CI, -13.5 to -1.5], p = 0.014), greater increment of alcohol use 

(regression coefficient for ASES: 2.2 [95% CI, 0.2-4.3], p = 0.031), and patients with a 

score of 8 or more for confidence in surgical outcome (regression coefficient for ASES: 

5.6 [95% CI, 0.7-10.6], p = 0.026) (Table 5.4).  

 

Figure 5.3 The adjusted predictions of ASES score over time by 

psychological cluster 

Dark line represents cluster with poorer psychological function (32% of sample) and light line represents cluster 

with better psychological function (68% of sample). Data is presented as mean (95% confidence interval). 

Abbreviations: ASES = American Shoulder and Elbow Score possible range: 0-100 (higher score = less pain 

and disability)  
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Table 5.3 Change in ASES before surgery, 3 months and 12 months after surgery by psychological cluster adjusted for potential confounders for 

gender, workers’ compensation status, alcohol use, and confidence in surgical outcome 

 Better psychological function Poorer psychological function 

Group difference 

at each time 

point 

(Col H – Col D) 

Group difference 

in change over 

time points 

(Col I – Col E) 

Time 

Point Number 

Observed 

mean 

(SD) 

Predicted 

mean 

Change from 

preceding time 

point (95% CI) Number 

Observed 

mean 

(SD) 

Predicted 

mean 

Change from 

preceding time 

point (95% CI)   

A B C D E F G H I J K 

Before 

surgery 

76 54 (18) 54  38 40 (15) 44  -9 (-16 to -2) 

p = 0.011 

 

3 months 76 72 (16) 70 16 (12-21) 

p < 0.001 

30 52 (18) 55 10 (3-17) 

p = 0.005 

-15 (-23 to -8) 

p < 0.001 

-6 (-15 to 3) 

p = 0.162 

12 months 71 86 (18) 85 15 (10-17) 

p < 0.001 

25 75 (20) 75 21 (13-28) 

p < 0.001 

-9 (-17 to -1) 

p = 0.023 

6 (-3 to 15) 

p = 0.198 

Total change from before surgery to 12 

months 

31 (23-39) 

p < 0.001 

   31 (26-36) 

p < 0.001 

 0 (-9 to 9) 

p = 0.984 

ASES = American Shoulder and Elbow Surgeons score, CI = confidence interval 
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Table 5.4 Estimates for the independent association between confounders with 

ASES, pooled over timepoints, for all confounding variables in the 

multivariable model 

Variables in model 

Regression 

coefficient 95% CI p value 

Female gender -6.3 -11.1 -1.5 0.010 

WC -7.5 -13.5 -1.5 0.014 

Alcohol (per category increment) 2.2 0.2 4.3 0.031 

Confidence 8 or more (63%) 5.6 0.7 10.6 0.026 

Abbreviations: ASES = American Shoulder and Elbow Surgeons score; CI = confidence interval; WC = 

workers’ compensation claim. 

5.5  Discussion 

Previous studies exploring the association of affective psychological factors with 

outcome after shoulder surgery have reported conflicting findings,23-26 and cognitive 

factors have not been considered. Therefore, we aimed to assess if differential patterns of 

affective and cognitive factors in people undergoing shoulder surgery were evident and if 

there was an association of these factors with pain and disability levels before and after 

surgery. This study identified two clusters of people, one with poorer psychological 

function before surgery that was associated with statistically and clinically important 

higher levels of shoulder pain and disability,35, 54 both before and up to 1 year after 

shoulder surgery, adjusting for gender, workers’ compensation claim, alcohol 

consumption, and confidence in surgical outcome. However, both clusters showed very 

similar improvements in ASES score over time. The inclusion of both affective and 

cognitive psychological measures in this study encompass a broader analysis of 

psychological function than has previously been explored for shoulder surgery. The study 

findings support recent reports that both depression and catastrophizing are associated with 

higher levels of pain and disability in the shoulder 11 and other musculoskeletal 

conditions.4, 27, 28  

There were several limitations in this study. Participants in this study were recruited 

from surgical lists that may result in some patients scoring favorably on some cognitive 

measures as a result of a belief that surgery would “fix” their shoulder. Selection bias 

may have occurred during the recruitment phase, when not all patients undergoing 

surgery by the participating surgeons were recruited, and patients who declined to 

participate in the study may have scored differently on the psychological measures. 
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Psychological measures were not explored at 3- and 12-month followup, so it is 

unknown whether psychological measures change or not over time after shoulder surgery 

and how this links to changes in pain and disability. The confidence in surgical outcome 

with the Likert scale used in this study has not been previously validated. Because this 

study investigated patients undergoing shoulder surgery, there was no comparison to 

conservative management or no treatment, so the comparative course of recovery over 

time for conservative management or no treatment is unknown. Because this study 

included patients who underwent subacromial decompression only as well as patients 

who underwent rotator cuff repair, the findings cannot be attributed to one type of 

shoulder surgery; however, with the numbers available, there was no evidence that the 

proportions of people receiving each surgery type were different according to cluster 

membership or ASES scores. This study represents a sample of convenience, although 

the sample size obtained was sufficient to show statistically significant and clinically 

meaningful differences.  

Although there were a number of limitations in this study, our important findings 

support an association of poor psychological function with higher levels of shoulder pain 

and disability before and after shoulder surgery. Psychological factors warrant 

consideration before shoulder surgery in view of recent literature that questions the 

benefit of subacromial decompression surgery,29 a procedure commonly undertaken for 

impingement, which is a debatable condition55 with limited surgical indication or 

efficacy.56 Surgical management targeting the biologic dimension of shoulder pain only 

may fail to address factors such as poor psychological function, resulting in unnecessary 

surgery or poorer outcomes after surgery. 

Two psychologically derived clusters were identified in this sample of patients who 

underwent either subacromial decompression only or rotator cuff repair with or without 

subacromial decompression. One cluster displayed better scores across all psychological 

measures, which reflected confidence in undertaking daily activity tasks despite pain, 

limited fear beliefs, or catastrophizing, and normal limits of depression, anxiety, and 

stress.36 In contrast, a second cluster of patients had poorer psychological function with 

lower pain self-efficacy, mild to moderate levels of pain catastrophizing, moderately 

elevated levels of depression and stress, and high levels of kinesiophobia. The difference 

in kinesiophobia scores between clusters (6.8 points) was clinically meaningful46 with 

the median score of 28.8 in the poorer psychological function cluster aligned with 

previous studies reporting elevated kinesiophobia and catastrophizing in patients with 
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shoulder pain and disability.13, 18, 57 Patients with poorer psychological function showed 

levels of moderate depression and stress but lower levels of anxiety, similar to a previous 

study of patients scheduled for rotator cuff repair.9  

For all study participants, being female, having an active workers’ compensation 

claim, less alcohol consumption, and lower levels of confidence in surgery were 

associated with lower ASES scores at all time points. However, psychological cluster 

membership was associated with ASES score independent of these variables. These 

findings are consistent with current evidence reporting that older age,58, 59 female gender, 

58, 60 smoking,61-63 stiffness before surgery,24 insulin-dependent diabetes,64 obesity,65 

lower education level66 and an active workers compensation claim67, 68 are negatively 

associated with pain and disability outcome after shoulder surgery, whereas greater 

expectations are positively associated with outcome.69 This study did not find a 

significant association between age, education level, or comorbidities and ASES score 

after surgery. It is unknown why our findings showed more frequent alcohol 

consumption was associated with better ASES scores. Although participants with poorer 

psychological function reported significantly lower levels of confidence that surgery 

would relieve symptoms, a lower level of confidence in surgical outcome was associated 

with poorer scores on ASES score at all data collection time points independent of 

psychological cluster membership. A less optimistic outlook regarding surgical outcome 

is unsurprising in a group scoring poorly on psychological questionnaires, potentially 

associated with a more negative affect. However, the results show that even in those with 

better psychological function, optimism regarding surgery is associated with a better 

outcome. These findings are consistent with previous research suggesting that an 

optimistic outlook is strongly associated with improved outcome of surgery70 and 

physiotherapy treatment.19 In this study, duration of symptoms of > 1 year was not 

significantly associated with ASES score, which is consistent with findings from other 

studies.58, 71 This study found no overall association with hospital setting (public/private) 

or primary surgical procedure and ASES score.  

Participants who scored poorly on a range of psychological measures before 

shoulder surgery displayed worse ASES scores at 3 and 12 months after surgery, 

although both clusters showed similar improvements in ASES score over time. 

Screening of psychological factors before surgery is recommended to identify patients 

with poor psychological function with simple screening tools such as the Orebro72 or 

modified STarT Back musculoskeletal tool73, 74 that capture fear, mood, anxiety, and 
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beliefs. It could be speculated that patients with poor psychological function may benefit 

from pharmacology, psychological, or behavioural interventions before consideration of 

surgery; however, this an area that requires further research in the shoulder. Targeted 

interventions directed to psychological factors before or after shoulder surgery may 

improve clinical outcomes. Cognitive-behavioural therapy has been reported to be an 

effective treatment for the management of other musculoskeletal conditions such as low 

back pain75 and idiopathic hand and arm pain.76 Future randomized controlled trials are 

recommended to test behavioural and psychological intervention in patients with poor 

psychological function who are undergoing shoulder surgery. 

5.6  Conclusions 

This study supports that a comprehensive assessment of affective and cognitive 

psychological factors before shoulder surgery may identify patients with poor 

psychological function. Alternative management pathways may be beneficial to improve 

clinical outcomes; however, further research is needed to determine the optimal 

management for patients with poorer psychological function to improve pain and 

disability levels before and after surgery. 
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Introduction to Study Four 

The rising surgical trends discussed in study 1, the lack of robust surgical criteria 

discussed in study 2 and the multidimensional nature of shoulder pain and disability 

discussed in study 3, highlight the complex nature of shoulder disorders.   

Contemporary understanding of pain and disability underpins a biopsychosocial 

approach in the management of shoulder pain.  The recent decade has shown a vast 

number of studies attempting to elucidate what prognostic factors before shoulder surgery 

are associated with better outcome after surgery. However, there is currently a lack of 

consistency in the use of different measures of outcome across shoulder studies, and it is 

not clear what factors before surgery are associated with these measures of outcome. 

Contemporary healthcare models are discussed in study 4 outlining the important patient-

centred approach for the assessment and management of shoulder disorders. 

Therefore, study 4 explored how strongly three different aspects of patient-centred 

outcome (pain and disability change scores, global rating of change and satisfaction) are 

associated with each other.  In addition, psychological factors, along with other factors, 

previously identified to have an association with shoulder pain and disability and 

outcome after shoulder surgery, were explored with respect to the consistency of any 

association across all the three aspects of patient-centred outcome.  

Study 4 is reproduced in this chapter, with supplementary documentation included 

in Appendix D. This information includes: (1) Table D.1, Comparison of descriptive 

statistics for all variables before surgery for participants with and without measures of all 

three aspects of patient-centred outcome at 12 months after surgery, (2) Section D.2, 

Global Rating of Change Scale, and (3) Section D.3, Satisfaction Scale. 
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DIFFERENT ASPECTS OF PATIENT-CENTRED OUTCOME AFTER 

SHOULDER SURGERY ARE SIMILARLY ASSOCIATED WITH 

PSYCHOLOGICAL STATUS BEFORE SURGERY 

6.1 Abstract 

6.1.1 Background 

Different aspects of patient-centred outcome after shoulder surgery have been 

measured by a range of different metrics. How strongly these different aspects of 

outcome relate to each other is unknown. Also not clear, is whether different aspects of 

outcome are similarly associated with psychological factors, and other variables 

measured before surgery, that have previously been identified to be associated with one 

or more aspects of outcome.   

6.1.2 Questions/purposes 

i. What is the association between three different aspects of patient-centred outcome 

(change in patient-reported pain and disability outcome measures, global rating of 

change, patient satisfaction)? 

ii. Are psychological factors, and other factors previously associated with one or more 

aspects of outcome, similarly associated with each of the three aspects of patient-

centred outcome? 

6.1.3 Methods 

One hundred and fifty three patients scheduled for shoulder surgery completed a 

survey measuring factors from multiple dimensions (psychological, demographic, health, 

social, lifestyle, pain and disability) prior to surgery. Aspects of patient-centred outcome 

measured at 12 months after surgery were: change in pain and disability (using; 

American Shoulder and Elbow Surgeons score, Disabilities of the Arm, Shoulder and 

Hand, Shoulder Pain and Disability Index); global rating of change; and patient 

satisfaction. Correlations between the three aspects of patient-centred outcome were 

assessed, and multivariate regression analysis was used to determine and compare 

associations of each variable measured prior to surgery with the three aspects of 

outcome. 
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6.1.4 Results 

All three aspects of patient-centred outcome were moderately to strongly associated 

with each other (pain and disability change and global rating of change r=0.63, p<0.001; 

pain and disability change and satisfaction r=0.71, p<0.001; satisfaction and global 

rating of change r=0.81, p<0.001). After adjustment for potential confounding factors, 

depression, anxiety and stress symptomatology, pain self-efficacy, confidence that 

surgery would relieve symptoms, and duration of symptoms were statistically 

significantly associated with one or more of the three aspects of patient-centred outcome 

(y-standardised regression coefficients; -0.14 to 0.45, p-values; 0.007-0.048). The 

strength of association of factors explored before surgery was similar across all three 

aspects of patient-centred outcome. However, there was weak evidence that pain self-

efficacy was more strongly associated with satisfaction and global rating of change than 

change in pain and disability level (p=0.051).  

6.1.5 Conclusions 

Three different aspects of patient-centered outcome, provide similar information 

regarding a good or poor outcome from the individual’s perspective at one-year after 

shoulder surgery. Depression, anxiety and stress symptomatology, pain self-efficacy, 

confidence in surgical outcome and symptom duration prior to surgery are associated 

with patient centred outcome measures one year after surgery. Screening and targeting of 

psychological factors prior to surgery is warranted and may improve outcomes. 
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6.2 Introduction 

Shoulder surgery is a popular treatment for shoulder pain,1-4 however the efficacy 

for some shoulder surgical procedures has been questioned.5 Studies investigating 

outcome after shoulder surgery report that structural integrity following rotator cuff 

repair does not correlate with pain and disability outcome.6, 7 This suggests that other 

non-structural factors may be more important for pain and disability outcomes than 

tendon healing.  

Historically, outcome after shoulder surgery has been determined by metrics 

including clinical examination,8 imaging,9 complication rates.10 The value of patient-

reported pain and disability outcome measures have been recognised in recent decades, 

with over thirty different measures being used in research studies of outcome after 

shoulder surgery.11 Over the last decade, patient-centred care has gained greater 

importance and is considered the foundation of contemporary models of health care 

internationally, including those for musculoskeletal pain.12 A patient-centred assessment 

of outcome considers individual patient preferences, needs and values13 and may be 

measured in a variety of ways, including patient-reported pain and disability measures, 

global rating of change and satisfaction.  

Patient-reported pain and disability measures determine outcome by capturing the 

pain experience and disability from the individual’s perspective,11, 14 and are widely 

accepted measures used clinically and in research.  Previous studies have explored 

responsiveness and reliability of different pain and disability measures,15-17 with the 

American Shoulder and Elbow Surgeons score (ASES),18 Disabilities of the Arm, 

Shoulder and Hand (DASH)19 and Shoulder Pain and Disability Index (SPADI)20 

reported to be the most extensively studied 21  and similarly responsive.11, 15, 22 Global 

rating of change (GRC),23 used in musculoskeletal research to quantify improvement or 

deterioration over time, has utility as an outcome measure due to its simplicity and time 

efficiency. However, it has not been reported as an outcome measure after shoulder 

surgery.  Patient satisfaction is considered to be another important indicator for 

measuring quality in health care.24 Measuring patient satisfaction with surgical outcome 

is not new, but has only more recently been utilized as a measure after shoulder surgery, 

as an important indicator of outcome in patient-centred care models.25-27 Although 

individuals may report improvements in pain and disability scores after shoulder surgery, 

they may report dissatisfaction after surgery. An understanding of an individual’s 
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perspective on outcome after shoulder surgery is important, as it may influence whether 

or not individuals seek additional or alternative care. 

Psychological factors, both affective (moods and emotions) and cognitive (thoughts 

and beliefs), are an important consideration in persistent musculoskeletal pain.28 These 

factors can influence an individual’s subjective experience of pain and disability, before 

and after surgery. For individuals with shoulder pain, poor psychological function has 

been associated with higher levels of pain and disability29-32 and poorer quality of life.29 

For individuals undergoing shoulder surgery, three studies have reported no association 

33-35 and one study did report an association36 of poor psychological function with worse 

pain and disability outcome after surgery. In support of the findings by Dekker36, we 

recently reported that a subgroup of individuals with poor psychological function before 

surgery displayed statistically and clinically important higher levels of pain and 

disability, both before and up to 12 months after shoulder surgery. This was in spite of 

these individuals showing similar levels of improvement in pain and disability scores 

over time, to a subgroup with better psychological function before surgery.37  

Expectations of outcome and confidence in the success of surgery are important 

cognitive factors specific to the surgical setting. Greater expectations before shoulder 

surgery have been associated with better pain and disability outcome 38, 39 and greater 

satisfaction 27 after surgery. These studies are in contrast to other areas of orthopaedic 

surgery reporting that overly optimistic expectations for knee arthroscopy40 or knee 

arthroplasty41, 42 are associated with lower patient satisfaction, or that expectations have 

no influence on satisfaction after knee arthroplasty.43, 44 Koorevaar45  recently 

highlighted the need for future shoulder surgery studies to investigate the association 

between expectations, psychological factors and patient-centred outcome. 

Not yet explored is how strongly these three different aspects of patient-centred 

outcome (pain and disability outcome, global rating of change and patient satisfaction) 

relate to each other. It is also not clear whether psychological factors, and other factors 

previously associated with outcomes, are similarly associated with all three aspects of 

patient-centred outcome after shoulder surgery.  

Therefore, we asked (1) How strongly are the three different aspects of patient-

centred outcome (patient-reported pain and disability measures, GRC and satisfaction) 

associated with each other? (2) Are psychological factors and other factors before 

surgery similarly associated with all three aspects of patient-centred outcome? 
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6.3  Materials and Methods 

6.3.1 Study design and setting 

A prospective longitudinal observational study of adult patients undergoing 

shoulder surgery for rotator cuff disorders was undertaken at one private and two public 

hospitals in Perth, Western Australia, during an 18-month period from January 2014 to 

July 2015. Study approval was attained from the Human Research Ethics Committees at 

Curtin University and Sir Charles Gairdner Hospital, Perth, Western Australia.  

6.3.2 Participants 

All patients scheduled for shoulder surgery (n = 184) by one of six participating 

surgeons (MH, JS, GB, SG, PK, AT) were invited to participate. Three surgeons (JS, PK, 

AT) operated across the three hospital settings. Data collection at 12 months after surgery 

was completed between April 2014 and July 2016. Inclusion criteria were patients 

scheduled for unilateral surgery for rotator cuff repair with or without subacromial 

decompression for partial and full thickness tears (n=50 in the analysis sample), and 

arthroscopic subacromial decompression only (n=33 in the analysis sample). The type of 

surgery was unable to be ascertained for 21 participants in the analysis sample due to 

inaccessible surgical records.  Exclusion criteria were prior neck surgery, prior surgery on 

the same shoulder, presence of rheumatoid arthritis, fibromyalgia, local or malignant 

cancer, glenohumeral joint osteoarthritis or an inability to comprehend English. Paper 

copies of all questionnaires were mailed for completion during the week before their 

scheduled surgery and the ASES, DASH and SPADI, global rating of change and patient 

satisfaction questionnaires were mailed for completion at 12 months after surgery. A 

physical assessment was undertaken during the week before surgery in the surgical or 

physiotherapy clinic. Of the 184 patients who were invited to take part in the study, 14 

were excluded, 6 were not able to be contacted and 11 declined to participate, leaving 153 

that were recruited and consented to participate. Of these, 16 patients withdrew prior to 

data collection, due to cancellation of surgery, conservative management or changed their 

mind about study participation. Of the remaining 137 patients, 104 had measures available 

for all three aspects of outcome at 12 months after surgery and were included in the 

analyses of this study (Figure 6.1). Median age of the analysis sample was 54 years (range, 

22-79 years) and 38 of 104 (37%) were women. 
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Figure 6.1 Flow chart illustrating recruitment of participants into the study with 

three measures of patient-centred outcome 

6.3.3 Measurement of outcome variables 

Measurement of DASH, SPADI and ASES score 

The American Shoulder and Elbow Surgeons scale (ASES)18 contains a pain 

subscale with one item (10cm VAS) and a function subscale with 10 items (questions are 

rated on a 4-point Likert scale for level of difficulty), with total score 0-100 (pain 

subscale 0-50; function subscale 0-50), with lower score indicating greater pain and 

disability. The ASES has been reported to have good reliability and validity, 15, 46, 47 has 

normative data reported 48 and change scores in the range 12-17 are considered a 
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minimal clinically important difference.49 The Disabilities of the Arm Shoulder and 

Hand questionnaire (DASH) 19 is a region specific questionnaire that contains 30 items, 

with 5 related to symptoms and 25 related to functional tasks. Items are scored on a 5 

point ordinal scale, with total score converted to a percentage (0-100%), where a higher 

score means greater pain and disability. The DASH has been shown to have good 

reliability and validity.50 The Shoulder Pain and Disability Index (SPADI)20 contains a 

pain subscale with 5 items and a disability subscale with 8 items, with questions rated on 

a 10-point Likert scale from 0-10. A total score is calculated by adding the pain subscale 

(score multiplied by 5 to give a pain subscale of 0-50) to the disability subscale (score 

multiplied by 5 and divided by 8 to give a disability subscale of 0-50), where a higher 

score means greater pain and disability. The SPADI has been shown to have good 

reliability and responsiveness.15 46  

Measurement of global rating of change (GRC) 

Two GRC scales23 were completed at 12 months after surgery. Two questions were 

asked; “With respect to your degree of shoulder pain, how would you describe your pain 

level now compared to immediately before your surgery?” and “With respect to your 

shoulder function, how would you describe your shoulder function now compared to 

immediately before your surgery?” An ‘overall improvement rating’ for each scale was 

scored from -7 (very much worse) to +7 (very much better) to reflect how much better or 

worse the patient felt they were after surgery compared to before surgery with respect to 

pain and to function. 

Measurement of patient satisfaction 

Patient satisfaction was measured using a 10 point numeric rating scale from 1 ‘very 

unsatisfied’ to 10 ‘very satisfied’ in response to the question at one year after surgery; 

“How satisfied are you with the outcome of your shoulder surgery?” This measure has 

been previously used to determine patient satisfaction with surgical outcome.25 

6.3.4 Measurement of psychological and other variables before surgery 

Psychological function before surgery was measured by four self-report 

psychological questionnaires. The Depression, Anxiety and Stress Scale (DASS)51 is a 

42-item, valid52, 53 and reliable54 measure containing 3 subscales of depression, anxiety 

and stress, with an overall score ranging from 0-126 with higher scores reflecting higher 

levels of psychological distress. The Pain Catastrophizing Scale (PCS)55 is a 13-item, 
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valid and reliable 56, 57 measure of thoughts and feelings that may be experienced in the 

presence of pain, with scores ranging from 0-52, with higher scores reflecting  greater 

catastrophizing. The Pain Self-Efficacy Questionnaire (PSEQ)58 is a 10-item valid and 

reliable questionnaire 58-60 evaluating the coping ability of an individual for a range of 

issues with scores ranging from 0-60, with lower scores reflecting poorer self-efficacy 

beliefs. The Tampa Scale of Kinesiophobia (TSK-11)61 is an 11-item valid and reliable 

62-64 questionnaire that examines fear of movement or re-injury, with scores ranging from 

11-44, with higher scores reflecting higher pain-related fear. 

Expectation of outcome after surgery was assessed using the 6-item Musculoskeletal 

Outcomes Data Evaluation and Management System (MODEMS) questionnaire39. 

Participants were asked “What results do you expect to get from your treatment for: 

relief from symptoms; ability to do more everyday household or yard activities; to sleep 

more comfortably; to go back to the usual job; to exercise and participate in 

recreational activities and; to prevent future disability”. Responses were rated on a 

Likert scale with a score of 1 corresponding to the lowest level of expectation (not at all 

likely) and a score of 5 corresponding to the highest level of expectation (extremely 

likely). The average response to 6 questions was calculated to generate a mean 

expectations score, or for answers marked “not applicable”, the point value from this 

question was not included in the calculation of the mean expectation score. 

Confidence in recovery from surgery was determined on an 11-point numerical 

rating scale in response to the question “How confident are you that your shoulder 

symptoms will improve after surgery?” with 0 representing ‘not confident’ and 10 

representing ‘completely confident’. Responses were subgrouped into a binary variable, 

based on a median score of 8, with higher confidence denoted by a score of 8 or more 

and lower confidence represented by a score of less than 8. This question has not been 

previously used in shoulder research. 

Variables tested for their association across all three measures of outcome were 

chosen if they had shown previous reported associations with outcome after shoulder 

surgery,29, 31, 32, 65-69 or shoulder pain and disability.6, 70-74 Height and weight measures 

were taken during the physical examination and used to calculate body mass index 

(BMI). The self-report questionnaire booklet before surgery recorded age, gender, 

smoking (yes/no), alcohol use (never, monthly or less, 2-4 days per month, 2-3 days per 

week, >4 days per week), health comorbidities (none, one or more comorbidities), 

education level (high school or less, Tertiary College, University), occupation (lifting 
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tasks /no lifting), an active workers’ compensation claim (yes/no), duration of symptom 

history (<1 year, >=1year), hospital setting (public/private) and current recreational or 

competitive sport participation (yes/no). 

6.3.5 Data management and statistical analysis 

Descriptive statistics 

Analyses were performed using STATA Version 14.1 (StataCorp, College Station, 

TX, USA). Characteristics of the study sample are described and variables compared for 

those participants with (n=104) and without (n=33) measures of all three aspects of 

outcome (Appendix D, Table D.1). 

Outcome variables 

For analysis, ASES, DASH and SPADI scores before and after surgery were all 

calculated as a score from 0-100, and SPADI and DASH scores were reversed so that a 

higher score represented less pain and disability for all three measures. As ASES, DASH 

and SPADI scores were highly correlated before surgery (r= 0.82-0.87, p<0.001) and 12 

months after surgery (0.80-0.86, p<0.001), and some participants were missing some 

values for this set of data, two summary scores were calculated as i) the average of the 

available ASES, DASH and SPADI scores before surgery, and ii) the average of the 

available ASES, DASH and SPADI scores 12 months after surgery.  

At 12 months, ASES, DASH and SPADI scores all displayed a strong ceiling effect, 

which meant that potentially, people with higher scores before surgery had smaller change 

scores partly as a result of the ceiling at 100 points. In some circumstances, variables were 

moderately associated with scores before surgery, and therefore associations between these 

variables and the change score from before to 12 months after surgery may have been 

biased due to the aforementioned influence on the change score from the ceiling effect in 

the 12-month scores.75 Therefore, a residualised change score was calculated and used for 

subsequent analysis, by subtracting the predicted 12-month value of the average of the 

ASES, DASH and SPADI scores (from a regression of 12-month score on the score before 

surgery) from the observed 12-month average score, with a positive value representing 

improvement in pain and function. As GRC scales for pain and function were highly 

correlated (Pearson’s r=0.88, p<0.001) a summary score was calculated as the mean of the 

two items.  The correlation between the residualised mean pain and disability change 

score, GRC and satisfaction was estimated using Spearman’s rho.  
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Assessment of the association between psychological and other factors and aspects 
of patient-centred outcome 

Multivariate regression analysis was used to determine and compare associations of 

each independent variable measured before surgery, with measures of the three aspects 

of patient-centred outcome, using Stata’s mvreg command and test post-estimation 

command, which enabled fitting a regression model for i) residualised pain and disability 

change score, ii) global rating of change and iii) satisfaction separately using the same 

set of independent variables, and a post-estimation test of the equivalence of the 

regression coefficients for each single independent variable over the three outcomes. The 

three measures of outcome were converted to standardised z-scores prior to analysis to 

enable quantitative comparison of regression coefficients on the same scale for each 

independent variable across the three outcomes. Bootstrapped standard errors for 95% 

confidence intervals were used to adjust for skewed distribution of GRC and satisfaction 

outcomes, and the p-value from the Wald test of equality of the three coefficients were 

estimated. For those variables for which unadjusted estimates had p<0.1, estimates were 

then adjusted for potential confounding from other measured variables. Potential 

confounders were considered to be variables that were associated with at least one 

outcome at p<0.10, and potentially a common cause of both the independent variable of 

interest and the outcome variable (rather than on the pathway between them), and not 

part of the same overlapping construct (e.g. the four psychological measures). An a 

priori sample size calculation indicated that a sample size of 150 would be needed to 

detect squared partial correlations of at least 0.22 (change in R2 of 0.05) with 80% power 

at α=0.05 in a model with 3 control covariates.    

6.4 Results 

There were 33 individuals missing 12-month outcome data that showed statistically 

significant differences from participants in the study group for a number of variables 

before surgery, namely PSEQ, PCS, confidence in surgical outcome, workers 

compensation status, smoking, hospital setting and sport level (Appendix D, Table D.1). 

Is there an association between three aspects of patient centred-outcome? 

Each pain and disability measure significantly improved from before surgery to 12 

months after surgery. This represented a clinically meaningful reduction in pain and 

disability level at 12 months after surgery (Table 6.1). The ASES score improved by 

mean (SD) of 29.9 (20.2), DASH improved by 27.2 (18.1) and SPADI improved by 32.8 
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(24.9). The average of the ASES, DASH and SPADI scores improved by a mean (SD) of 

29.8 (19.5), from 56.2 (18.1) to 85.8 (17.4). For GRC, most participants reported being 

very much better at 12 months after surgery for pain and function. The median 

(interquartile range) GRC for pain was 6 (4,7) and for function 6 (4,7), and for the 

average of these measures was 6 (4,7), which was used in subsequent analysis. For 

satisfaction, most participants were very satisfied with outcome at 12 months after 

surgery, with a median score of 9 (interquartile range 7-10). Thirteen participants 

(12.5%) had a score of 5 or lower and 42 (40.4%) had the highest possible score of 10. 

All three measures of patient-centred outcome (residualised change score, GRC and 

satisfaction) were moderately to strongly associated with each other at 12 months after 

surgery (pain and disability change and GRC r=0.63, p<0.001; pain and disability 

change and satisfaction r=0.71, p<0.001; satisfaction and GRC r=0.81, p<0.001). 

Table 6.1 Change in pain and disability score, global rating of change and 

satisfaction at 12 months after surgery (n=104) 

Outcome measure 

Before 

surgery  

12-months 

 after surgery 

Change before to  

after surgery 

Pain and Disability Measures Mean [SD] Mean [SD] 
Mean  

(95% CI, p-value) 

ASES  (0-100)  52.6 (16.8) 82.5 (19.1) 29.9 

(25.6-34.1, p<.001) 

DASH (0-100)*  50.7 (18.1) 77.9 (15.4) 27.2 

(23.6-30.8,p<.001) 

SPADI  (0-100)* 50.4 (22.0) 83.3 (18.9) 32.8 

(27.9-37.7, p<.001) 

Average of 3 Pain and 

Disability Measures 

56.2 (18.1) 85.8 (17.4) 29.6 

(25.8-33.4, p<.001) 

GRC  Median [IQR]  

Pain 

Function 

Average 

 6 (4,7) 

6 (4,7) 

6 (4,7) 

 

Satisfaction  Median [IQR]  

Satisfaction NRS 

12 month after surgery 

 9 (7,10)  

Abbreviations: ASES – American Shoulder and Elbow Surgeons score: possible range 0-100 (higher score = 

less pain and disability); *Reversed DASH – Disabilities of the Arm, Shoulder and Hand: reversed score 

range 0-100 (higher score = less pain and disability); *Reversed SPADI – Shoulder pain and disability index: 

possible range 0-100 (higher score = less pain and disability); GRC – global rating of change: possible range 

-7 to +7 (higher score = greater overall change); Satisfaction NRS – numeric rating scale: possible range 1-

10 (higher score = greater satisfaction) 
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Are associations between psychological and other factors similar cross all three 
aspects of patient-centred outcome? 

The univariate associations of independent variables with the three aspects of 

patient-centred outcome are reported in Table 6.2. The unadjusted and adjusted 

associations of those variables that displayed an association with at least one of the three 

outcomes at p<0.05 are presented in Table 6.3. 

Depression, anxiety and stress symptomatology, as measured by DASS, was 

univariately associated with all three outcomes. The strength of the associations were 

attenuated after adjustment for workers compensation status, duration of symptoms and 

sport level before surgery. After adjustment, DASS was significantly associated with 

worse pain and disability outcome and lower GRC, with a 10 point increase in DASS 

estimated to be associated with a 0.14 standard deviation lower pain and disability 

change (95%CI: -0.28, -0.01, p=0.048) and GRC (95%CI: -0.28, 0.01, p=0.035). 

However, the Wald test for differences in the regression coefficients across outcomes 

was not significant (p=0.274), meaning that with the numbers available, there was no 

evidence that DASS was more strongly associated with one aspect of patient-centred 

outcome than others.  

Greater pain self-efficacy, as measured by PSEQ, was univariately associated with 

greater satisfaction and GRC. The strength of the associations were slightly attenuated 

after adjustment for workers compensation status, duration of symptoms and sport level 

before surgery. After adjustment, PSEQ was significantly associated with more positive 

GRC and higher satisfaction, with a 10 point increase in PSEQ estimated to be 

associated with a 0.23 standard deviation higher GRC (95%CI:0.06, 0.40, p=0.007) and 

a 0.20 standard deviation higher satisfaction rating (95%CI: 0.03,0.36, p=0.021). The p-

value for the Wald test for differences in the regression coefficients across outcomes was 

0.051, indicating weak evidence that pain self-efficacy may be more strongly associated 

with satisfaction and GRC than pain and disability change. 
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Table 6.2 Univariate associations of independent variables measured before surgery with each of the three aspects of patient-centred outcome 

Variable n 

Pain and disability 

residualised change score GRC Satisfaction 
p-value for test of 

equivalence of 

coefficients across 3 

outcomes 

Coefficienta 

(95% CI) 

p-value 

Coefficienta  

( 95% CI) 

p-value 

Coefficienta 

(95% CI) 

p-value 

DASS 

(per 10 point increment) 

100 -0.19 

(-0.33, -0.05) 

.006 

-0.17 

(-0.32, -0.03) 

.020 

-0.13 

(-0.25, -0.02) 

.022 

.181 

PSEQ 

(per 10 point increment) 

98 0.17 

(-0.02, 0.33) 

.085 

0.25 

(0.05, 0.45) 

.013 

0.22 

(0.03 ,0.40) 

.022 

.357 

PCS 

(per 10 point increment) 

99 -0.20 

(-0.48, 0.08) 

.155 

-0.18 

(-0.44,0.09) 

.193 

-0.13 

(-0.36, 0.09) 

.245 

.503 

TSK 

(per 10 point increment) 

100 0.13 

(-0.14, 0.39) 

.341 

-0.12 

(-0.41, 0.17) 

.401 

0.05 

(-0.19, 0.30) 

.680 

.116 

Patient 

expectations 

(per 1 point increment) 

102 0.30 

(-0.11, 0.70) 

p=.151 

0.23 

(-0.20, 0.66) 

p=.291 

0.15 

(-0.23, 0.53) 

p=.443 

.334 

Confidence that surgery will 

relieve symptoms 

(8 or more) 

100 0.52 

(0.05, 0.98) 

.029 

0.30 

(-0.14, 0.75) 

.183 

0.53 

(0.07, 0.99) 

.025 

.266 

Average of reversed DASH, 

reversed SPADI and ASES on 

105 NA  0.06 

(-0.06, 0.18) 

0.05  

(-0.08 ,0.17) 

.663 
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Variable n 

Pain and disability 

residualised change score GRC Satisfaction 
p-value for test of 

equivalence of 

coefficients across 3 

outcomes 

Coefficienta 

(95% CI) 

p-value 

Coefficienta  

( 95% CI) 

p-value 

Coefficienta 

(95% CI) 

p-value 

0-100 scale before surgery 

(per 10 point increment) 

.305 .480 

Age  

(per 5 yr increment) 

104 0.01 

(-0.05, 0.08) 

.668 

0.02 

(-0.06,0.10) 

.659 

0.05 

(-0.02, 0.11) 

.185 

.432 

Female gender 104 -0.35 

(-0.76, 0.08) 

.110 

-0.06 

(-0.46,0.33) 

.748 

-0.30 

(-0.70, 0.11) 

.155 

.151 

Surgical procedure 

(RCR vs ASAD only) 

83 0.10 

(-0.32, 0.52) 

.656 

-0.03 

(-0.49, 0.43) 

.898 

0.19 

(-0.27, 0.65) 

.425 

.313 

Workers compensation claim 100 -0.73 

(-1.49, 0.03) 

.058 

-0.58 

(-1.35, 0.20) 

.145 

-0.67 

(-1.41, 0.07) 

.075 

.602 

BMI  

(per 5 point increment) 

100 -0.12 

(-0.34, 0.09) 

.269 

-0.05 

(-0.22, 0.12) 

.571 

-0.16 

(-0.41, 0.09) 

.216 

.459 
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Variable n 

Pain and disability 

residualised change score GRC Satisfaction 
p-value for test of 

equivalence of 

coefficients across 3 

outcomes 

Coefficienta 

(95% CI) 

p-value 

Coefficienta  

( 95% CI) 

p-value 

Coefficienta 

(95% CI) 

p-value 

Duration of symptoms 

(≥1yr) 

103 -0.38 

(-0.77, 0.01) 

.056 

-0.33 

(-0.74, 0.08) 

.125 

-0.32 

(-0.71, 0.08) 

.118 

.899 

Smoker 104 -0.58 

(-1.29, 0.14) 

.113 

-0.59 

(-1.31, 0.13) 

.107 

-0.39 

(-1.06, 0.28) 

.255 

.283 

Alcohol use 104 0.09 

(-0.06, 0.24) 

.263 

0.08 

(-0.08, 0.25) 

.332 

0.03 

(-0.13, 0.18) 

.722 

.472 

Lifting occupation 104 0.09 

(-0.31, 0.51) 

.644 

0.12 

(-0.26, 0.51) 

.537 

0.10 

(-0.30, 0.50) 

.624 

.979 

Private hospital setting  104 -0.40 

(-1.01, 0.21) 

.193 

-0.12 

(-0.72, 0.48) 

.695 

-0.26 

(-0.86, 0.34) 

.393 

.492 

Comorbidity  

(1 or more)  

104 0.05 

(-0.33, 0.43) 

.796 

0.09 

(-0.30, 0.48) 

.645 

0.22 

(-0.17, 0.60) 

.267 

.420 
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Variable n 

Pain and disability 

residualised change score GRC Satisfaction 
p-value for test of 

equivalence of 

coefficients across 3 

outcomes 

Coefficienta 

(95% CI) 

p-value 

Coefficienta  

( 95% CI) 

p-value 

Coefficienta 

(95% CI) 

p-value 

Education level 

(3 levels, base=Secondary) 
104 .419b .420b .229b .846c 

Tertiary College   0.28 

(-0.14, 0.70) 

.187 

0.26 

(-0.15, 0.67) 

.218 

0.38 

(-0.06, 0.81) 

.087 

.710 

University   0.18 

(-0.35, 0.70) 

.503 

0.07 

(-0.50, 0.65) 

.800 

0.23 

(-0.33, 0.79) 

.415 

.653 

Sport level 

(rec/comp vs none) 

104 0.35 

(-0.04, 0.73) 

.076 

0.21 

(-0.20, 0.61) 

.317 

0.18 

(-0.22, 0.57) 

.378 

.422 

*for test of equivalence of coefficients across 3 outcomes 

aY-standardised regression coefficient, represents expected increase in outcome (Y) variable in 1SD units, per unit (as indicated) increase in independent (X) variable. 
boverall test of significance for 3-category variable for each outcome 
ctest for significance for all coefficients across three regression equations 

Abbreviations: DASS – Depression Anxiety Stress Scale; PSEQ – Pain Self-Efficacy Questionnaire; PCS – Pain Catastrophising Scale; TSK – Tampa Scale for Kinesiophobia; PROMs – 

Patient-reported outcome measures; ASAD – Arthroscopic subacromial decompression; RCR – Rotator cuff repair; BMI – Body mass index; GRC – global rating of change: possible 

range; rec – recreational; comp - competition  
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Table 6.3 Unadjusted and adjusted associations of each independent variable measured before surgery with each of the three patient-centred 

outcome measures 

Variable na 

Pain and disability 

residualised change score GRC Satisfaction 
p-value for test of 

equivalence of 

coefficients across 3 

outcomes 

Coefficientb 

(95% CI) 

p-value 

Coefficientb  

( 95% CI) 

p-value 

Coefficientb 

(95% CI) 

p-value 

DASS (per 10 point increment) 

Unadjusted 95 -0.21 

(-0.06,-0.34) 

.004 

-0.19 

(-0.33,-0.04) 

.012 

-0.16 

(-0.27, -0.04) 

.007 

.366 

Adjustedc 95 -0.14 

(-0.28,-0.01) 

.048 

-0.14 

(-0.28,-0.01) 

.035 

-0.09 

(-0.21,0.02) 

.113 

.274 

PSEQ (per 10 point increment) 

Unadjusted 93 0.19 

(-0.01,0.39) 

.064 

0.27 

(0.08,0.47) 

.005 

0.25 

(0.08,0.43) 

.005 

.223 

Adjustedc 93 0.10 

(-0.06,0.26) 

.222 

0.23 

(0.06,0.40) 

.007 

0.20 

(0.03,0.36) 

.021 

.051 
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Variable na 

Pain and disability 

residualised change score GRC Satisfaction 
p-value for test of 

equivalence of 

coefficients across 3 

outcomes 

Coefficientb 

(95% CI) 

p-value 

Coefficientb  

( 95% CI) 

p-value 

Coefficientb 

(95% CI) 

p-value 

Confidence that surgery will relieve symptoms (8 or more) 

Unadjusted 95 0.52 

(0.05,0.99) 

.029 

0.31 

(-0.13,0.76) 

.167 

0.56 

(0.09,1.04) 

.020 

.251 

Adjustedc 95 0.37 

(-0.02,0.77) 

.063 

0.20 

(-0.19,0.59) 

.322 

0.45 

(0.02,0.88) 

.038 

.267 

Workers compensation claim 

Unadjusted 95 -0.84 

(-1.65,-0.03) 

.041 

-0.66 

(-1.50,0.18) 

.124 

-0.79 

(-1.58,-0.01) 

.048 

.540 

Adjustedd 95 -0.50 

(-1.18,0.19) 

.154 

-0.33 

(-0.93,0.27) 

.281 

-0.59 

(-1.34,0.15) 

.120 

.420 

Duration of symptoms (≥1yr) 

Unadjusted 95 -0.41 

(-0.81,-0.02) 

.040 

-0.35 

(-0.78,0.07) 

.102 

-0.36 

(-0.76,0.03) 

.069 

.936 

Adjustede 95 -0.39 

(-0.76,-0.03) 

.036 

-0.33 

(-0.74,0.09) 

.120 

-0.37 

(-0.77,0.03) 

.068 

.945 
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Variable na 

Pain and disability 

residualised change score GRC Satisfaction 
p-value for test of 

equivalence of 

coefficients across 3 

outcomes 

Coefficientb 

(95% CI) 

p-value 

Coefficientb  

( 95% CI) 

p-value 

Coefficientb 

(95% CI) 

p-value 

Sport level (rec/comp vs none) 

Unadjusted 95 0.46 

(0.06,0.87) 

.026 

0.32 

(-0.09,0.74) 

.124 

0.30 

(-0.10,0.70) 

.141 

.483 

Adjustedf 95 0.26 

(-0.11,0.63) 

.172 

0.15 

(-0.22,0.51) 

.436 

0.12 

(-0.25,0.51) 

.511 

.679 

aboth unadjusted and adjusted models estimated using same sample, i.e. those cases with no missing values for all covariates in the model, therefore coefficients for unadjusted 

estimates differ slightly from those presented in Table 6.3. 
bY-standardised regression coefficient, represents expected increase in outcome (Y) variable in 1SD units, per unit (as indicated) increase in independent (X) variable. 
cadjusted for workers compensation status, duration of symptoms and sport level at baseline. 
dadjusted for DASS, duration of symptoms and sport level at baseline. 
eadjusted for DASS, workers compensation status, and sport level at baseline. 
fadjusted for DASS, workers compensation status and duration of symptoms at baseline.  

Abbreviations: DASS – Depression Anxiety Stress Scale; PSEQ – Pain Self-Efficacy; GRC – global rating of change: possible range; rec – recreational; comp - competition  
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Having a level of confidence of 8/10 or more that surgery would relieve symptoms 

was univariately associated with greater pain and disability improvement and higher 

satisfaction. After adjustment for workers compensation status, duration of symptoms 

and sport level before surgery, confidence was significantly associated with satisfaction, 

with those having 8/10 or more confidence expected to have 0.45 standard deviation 

higher satisfaction levels (95%CI: 0.02,0.88, p=0.038). Although the point estimate for 

the regression coefficient for confidence was higher for satisfaction as an outcome than 

pain and disability outcome or GRC, with the numbers available, this study did not 

provide evidence that confidence was more strongly associated with satisfaction than 

other aspects of patient-centred outcome. 

An active workers compensation claim was univariately associated with less pain 

and disability change and lower satisfaction. However, regression coefficients were 

attenuated and non-significant after adjustment for DASS, duration of symptoms and 

sport level, and there was no evidence for differential associations across the three 

outcomes. Having a duration of symptoms for one year or more was associated with less 

pain and disability improvement, and estimates were similar after adjustment for DASS, 

workers’ compensation status and sport level, with those having a duration of symptoms 

of one year or more expected to have 0.39 standard deviation lower pain and disability 

change (95%CI:-0.76,-0.03, p=0.036). Point estimates were similar for GRC (-0.33, 

95%CI:-0.74,0.09) and satisfaction (-0.37, 95%CI: -0.77,0.03) (Table 6.3). The Wald 

test for differences in the regression coefficients was non-significant (p=0.945) 

indicating there was no evidence that the duration of symptoms was more strongly 

associated with some aspects of patient-centred outcome than others. Similarly, although 

sport participation before surgery was univariately associated with greater pain and 

disability change, coefficients were attenuated and non-significant for all outcomes after 

adjustment for DASS, workers compensation status and duration of symptoms. With the 

numbers available, no other variables before surgery, including patient expectations, 

were found to be associated with any aspect of patient-centred outcome in this study. 

6.5 Discussion 

This study found that three aspects of patient-centred outcome; pain and disability 

change scores, satisfaction and global rating of change, showed moderately strong 

correlations with each other. This suggests they provide some overlapping information 

regarding a good or poor outcome after shoulder surgery.  
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The three different measures provide some overlapping information with regard to 

outcome, indicating that it may not be necessary to collect different measures of patient-

centred outcome in order to determine outcome from the individual’s perspective. The 

correlations between outcome measures were moderately strong, based on previous 

reports of effect size,76 suggesting they capture similar aspects of outcome. The strength 

of the correlations showed that the square of the correlation coefficients suggested that 

they have shared variance, with approximately 40-60% of overlapping constructs. As 

satisfaction and global rating of change are less burdensome to measure after surgery 

than many shoulder pain and disability questionnaires, our study findings suggest they 

may be of equal value. In addition, this finding is reinforced as minimal clinically 

important changes for patient-reported shoulder pain and disability measures are 

commonly estimated by anchoring to global rating of change.77 Conversely, there may 

be additional benefits in the use of patient-reported pain and disability measures. 

Knowledge about provocative activities or functional limitations that may direct 

rehabilitation to the concerns of each individual could be identified from the more 

detailed pain and disability measures.  

Comparison between studies investigating prognostic factors for outcome after 

shoulder surgery is difficult, due to the variability of outcome measures used.78 As this 

study showed that the three aspects of patient-centred outcome are correlated, it could be 

speculated with reasonable confidence that there is some generalisability in terms of 

good or poor outcome across studies. In addition, as the factors investigated before 

surgery were similarly associated with each measure of patient-centred outcome, it could 

also be considered with reasonable confidence, that there is some generalisability in 

reports of associations with one aspect of outcome to other aspects of outcome. This may 

facilitate comparison of studies of outcome after shoulder surgery that have used 

differing measures of patient-centred outcome. However, as this study showed that 

change in pain and disability, GRC and satisfaction are moderately strongly correlated 

with each other, this may provide a greater ability to compare studies that use these 

outcome measures.  

Depression, anxiety and stress symptomatology, pain self-efficacy, confidence that 

surgery would relieve symptoms, and duration of symptoms prior to surgery were 

similarly associated with each measure of patient-centred outcome in this study. 

Different psychological measures were explored to determine if they were similarly 

associated with pain and disability outcome, GRC and satisfaction. This study found that 
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there was evidence that DASS was similarly associated with all three measures, but 

PSEQ may not be similarly associated with all three measures. PSEQ appears to be more 

strongly associated with GRC and satisfaction, than change in pain and disability. The 

PSEQ may potentially capture a general feeling of positivity in these individuals that is 

not so influential on the pain and disability outcome measures. Our study is the first to 

explore the association of cognitive factors with outcome after shoulder surgery. 

However, our findings differ from recent findings that report pain self-efficacy was 

strongly associated with pain and disability in a cohort of individuals with shoulder pain 

receiving conservative management.79  

Our study did not find an association of greater expectations before surgery with 

greater pain and disability improvement, positive GRC scores or greater satisfaction after 

surgery.  This finding was surprising and is in contrast to a previous report of positive 

associations between greater expectations and greater improvements in patient-reported 

outcome measures for pain and disability after shoulder surgery.39  Participants in this 

current study had very high expectations before surgery (mean 4.4/5) and the outcome 

across all three aspects was generally positive.  

This study supports the association of poor psychological function before surgery 

with worse outcome after shoulder surgery. Depression, anxiety and stress 

symptomatology was the factor most strongly associated with all three measures of 

patient-centred outcome. Screening for psychological factors prior to surgery using 

simple screening tools, like the Orebro80 or STarT MSK Tool,81 which include questions 

about thoughts, mood, anxiety and beliefs would help identify individuals who may 

benefit from other management instead of surgery or prior to proceeding to surgery. 

Strategies such as psychological or behavioural interventions or pharmacology for 

patients with high levels of psychological distress may be warranted,82 however this is an 

area that requires further research in the field of shoulder pain.  

There were a number of limitations in this study. Selection bias may have occurred 

during the recruitment phase, where not all eligible patients undergoing surgery by the 

participating surgeons consented to the study. Individuals that declined to participate in 

the study may have scored differently on psychological measures and expectations 

before surgery. Not all participants who completed data collection before surgery 

provided outcome data at 12-month follow-up. The group missing outcome data showed 

worse scores for PSEQ, PCS, confidence in surgical outcome, had a greater number of 

workers compensation cases, smokers, public hospital cases, individuals with a lower 
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education level and were less active in sport (Appendix D, Table D.1). Given the sample 

without outcome data had factors that might be associated with poorer outcome, this may 

have attenuated associations seen in the analysed sample. These differences suggest the 

study sample may not be fully representative of a typical cohort of individuals 

undergoing shoulder surgery.  

This study represents a sample of convenience and was underpowered to detect the 

effect sizes specified in the power calculation. The sample size was smaller than 

intended due to recruitment and retention problems encountered in the public hospital 

setting. This study was an observational cohort study with no comparator group. 

Therefore it is not clear whether factors associated with better outcome after surgery 

were attributable to the surgical procedure or placebo, rest, rehabilitation or the natural 

course of recovery. The confidence in surgical outcome scale used in this study has not 

been previously validated 

6.6 Conclusions 

Three aspects of patient-centred outcome; pain and disability change scores, 

satisfaction and global rating of change, provide similar information regarding a good or 

poor outcome from the individual’s perspective at one-year after shoulder surgery. 

Depression, anxiety and stress symptomatology, pain self-efficacy, confidence that 

surgery would relieve symptoms, and duration of symptoms prior to surgery were 

similarly associated with all three aspects of patient-centred outcome. Screening and 

targeting of psychological factors prior to surgery may improve outcomes. 
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Chapter 7 Discussion 

This thesis represents a body of work exploring surgical management of shoulder 

pain in Western Australia, to inform whether current management is aligned with 

contemporary evidence and to compare with current management in other countries. 

This body of work includes studies related to recent surgical trends, perspectives of 

shoulder surgeons and a sample of individuals undergoing shoulder surgery in Western 

Australia. These studies have been undertaken considering a contemporary 

biopsychosocial perspective of shoulder pain. The association of psychological factors 

with shoulder pain and disability in individuals scheduled for shoulder surgery, and the 

association of psychological factors with pain and disability outcome after shoulder 

surgery was explored in detail. In addition, three different aspects of patient-centred 

outcome were assessed following shoulder surgery to explore whether they reflect 

different aspects of outcome. Also explored was whether variables measured before 

surgery, were similarly or differentially associated with the three different aspects of 

outcome. Each of the studies will be summarised, highlighting the contribution to the 

literature made by each study. Discussion of the body of work undertaken in this thesis 

will follow, highlighting the clinical and research significance and also the implications 

for management of shoulder pain in the Australian healthcare landscape. 

7.1 Summary of studies included in this thesis 

7.1.1 Study 1: Rising surgical trends for rotator cuff disease in Western 

Australia 

This study investigated trends and costs of surgery for rotator cuff disorders in 

Western Australia during the 13-year period 2001-2013.1 No previous reports of surgical 

trends for individuals with shoulder pain for Australian populations were available. This 

is in contrast to reports from a number of other countries, which have highlighted 

alarming increases in shoulder surgery rates over recent decades.2-6 This study found a 

substantial increase in shoulder surgery rates in the state of Western Australia over the 

period 2001-2013, with arthroscopic procedures demonstrating large proportional 

increases of 102% for subacromial decompression and 68% for rotator cuff repair 

surgery. The rising trends were mostly consistent across hospital setting, gender and age, 

with associated increase in costs to the Australian healthcare system.  
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The key contribution to the literature for this study was to highlight that shoulder 

surgery trends for an Australian population are aligned with the concerning reports of 

increasing rates of shoulder surgery globally. For healthcare policy makers in Australia, 

this is an important finding for consideration of healthcare budgets, to ensure that 

expensive interventions such as surgery are aligned with contemporary models of care 

and targeted to those individuals most likely to benefit. 

7.1.2 Study 2: Rotator cuff disease: opinion regarding surgical criteria and 

likely outcome 

This study aimed to evaluate surgical criteria for rotator cuff disease by exploring 

current opinions with regards to surgical decision-making amongst a group of shoulder 

surgeons in Western Australia.7 The study evaluated Western Australian orthopaedic 

surgeons’ perceptions about surgical criteria, utility of physical examination tests, 

findings at surgery predictive of outcome and surgeon opinion of a successful surgical 

outcome. No previous reports of surgical criteria for shoulder surgery in Australia were 

available. However, studies from the UK and USA reported disparate opinions regarding 

surgical criteria.8-10 

This study found that within a community of surgeons based in Western Australia, 

considerable heterogeneity exists in surgical decision-making criteria.7 Overall, surgeons 

reported four or more physical examination tests were used to aid surgical decision-

making. Intra-operative factors that surgeons considered predictive of outcome related to 

the degree of tendon pathology and co-existing pathologies observed. Surgeons 

considered a successful outcome after shoulder surgery to include reduced pain levels, 

restoration of movement and function and gains in muscle strength. 

The contribution to the literature for study 2 was to highlight that Western 

Australian shoulder surgeons have disparate levels of agreement regarding surgical 

decision-making, which is consistent with findings of surgical colleagues from other 

countries worldwide. This is an important finding for Australian healthcare policy 

makers who strive to contain healthcare costs and ensure that surgery is provided to 

those individuals most likely to benefit. The lack of consensus for surgical decision-

making is concerning, when coupled with rising shoulder surgery trends, an ageing 

population and increased strain on healthcare budgets. This highlights the need for a 

model of care for shoulder pain that is informed by further research into which 

individuals are more likely to benefit from shoulder surgery, which individuals are less 
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likely to benefit from shoulder surgery and identifying less expensive alternative care 

pathways as a primary management choice. 

7.1.3 Study 3: Are psychological factors associated with shoulder scores 

after rotator cuff surgery? 

This study aimed to explore the association of both affective and cognitive 

psychological factors on pain and disability outcome after shoulder surgery.11 

Psychological factors are known to influence pain and disability in people with shoulder 

pain.12-16 Recent research has explored the influence of affective psychological factors 

such as depressed mood and anxiety on outcome after shoulder surgery.17-20 However, 

the influence of cognitive psychological factors such as kinesiophobia, pain 

catastrophizing and pain self-efficacy has not been explored in studies of outcome after 

shoulder surgery.  

This study explored the existence of clusters of individuals undergoing shoulder 

surgery, with different profiles of psychological measures. Two distinct psychological 

clusters were identified, with one cluster having lower scores on both affective and 

cognitive psychological measures, indicating better psychological functioning, and a 

second cluster having higher scores indicating poorer psychological functioning. Further 

analysis tested if membership of psychological clusters was associated with worse 

shoulder scores after surgery for pain and disability outcome (measured by the American 

Shoulder and Elbow [ASES] score).21 Membership of the cluster with poorer 

psychological functioning was associated with higher levels of pain and disability before 

and at three and twelve months after surgery. However, the improvement in ASES score, 

from before to after surgery, was similar for both clusters. The findings of this study 

suggest that psychological factors are associated with higher levels of pain and disability 

before and after surgery, however their presence may not preclude improvements in pain 

and disability after shoulder surgery. 

This study contributed to the literature by highlighting that higher pain and 

disability levels before and after shoulder surgery may be associated with the presence of 

affective and cognitive psychological factors such as depression, anxiety, 

catastrophizing, kinesiophobia or low pain self-efficacy. This finding was independent of 

other significant correlates, that were potential confounding variables, namely gender, an 

active workers compensation claim, alcohol consumption and confidence in outcome of 

surgery. This study supports the importance of screening of psychological factors prior 
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to shoulder surgery and provides a basis for future studies to explore interventions 

addressing psychological factors prior to, or in addition to shoulder surgery in order to 

optimize outcomes. 

7.1.4 Study 4: Different aspects of patient-centred outcomes after shoulder 

surgery are similarly associated with psychological status before surgery. 

Outcome after shoulder surgery has historically been assessed by metrics including 

clinical examination, imaging and complication rates. Patient-centred care is considered 

the foundation of contemporary models of health care internationally, including 

musculoskeletal pain.22 This is reflected in the increasing use of patient-reported pain 

and disability measures in more recent shoulder research, with more than thirty different 

shoulder-specific measures available.  Patient-centred outcome may be measured in a 

variety of ways, including the widely used patient-reported pain and disability measures, 

global rating of change and satisfaction. Satisfaction is considered an important measure 

in a patient-centred care approach.22 While these measures of outcome appear somewhat 

similar, there is no clear understanding how these outcomes relate to each other, or if 

variables before surgery are similarly or differentially associated across outcomes. 

This study investigated the association between three aspects of patient-centred 

outcome (patient-reported pain and disability measures, global rating of change scale and 

a satisfaction scale) at 12 months after shoulder surgery and found that they were 

moderately associated. This study also explored if psychological and other variables 

measured before shoulder surgery, have similar associations across all aspects of patient-

centred outcome. Depression, anxiety and stress symptomatology, as measured by the 

Depression, Anxiety and Stress Scale (DASS),23 was univariately associated with all 

three aspects of patient-centred outcome, with the strength of associations attenuated 

after adjustment for workers compensation status, duration of symptoms and sport level 

before surgery. 

The contribution to the literature for this study was to highlight that patient-centred 

outcome measures broadly provide similar information regarding individuals’ 

perspectives of outcome after shoulder surgery. Psychological factors, identified before 

surgery, were most strongly and similarly associated with the three patient-centered 

aspects of outcome after surgery. 
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7.2 Shoulder pain as a health care crisis 

Shoulder disorders make up a significant proportion of musculoskeletal conditions 

that are a major contributor to global disability, as determined by the Global Burden of 

Disease (GBD) 2010 study.24 A subsequent Global Burden of Disease (GBD) 2016 

study25 reported a 15% increased burden of musculoskeletal conditions since the 

previous 2010 study, but statistics regarding shoulder specific data was not available in 

this study. These reports are supported by the Australian Burden of Disease Study 201126 

that reported musculoskeletal conditions were responsible for 12% of the total burden of 

disease and injury in Australia in 2011. Musculoskeletal pain involves a real and 

significant burden on individuals and society, with indications that this burden is 

increasing, not decreasing.  

Although these Australian and Global Burden of Disease studies do not contain 

specific statistics for shoulder disorders, a number of studies have highlighted the burden 

of shoulder disorders across the globe.27-29  Further literature highlights the persistence of 

shoulder disorders, which indicates the ongoing, long-term burden of shoulder pain for 

many individuals.30-32  Study 1 and study 2 of this thesis highlight management concerns 

associated with increasing shoulder pain prevalence in Australian populations.  

Shoulder surgery is a common orthopaedic procedure worldwide and the rising 

shoulder surgery rates in Western Australia reported in study 1 are aligned with rising 

shoulder surgery rates globally. These surgical trends have implications for increased 

strain on Australian healthcare budgets in light of the increasing shoulder pain 

prevalence. With indications for shoulder surgery not clear and equivocal outcomes 

reported for some shoulder surgery procedures,33 the rising surgical trends shown in 

study 1 are concerning. The lack of consensus among Western Australian shoulder 

surgeons for surgical decision-making criteria in 2014 reported in study 2 is aligned with 

a previous report of similar findings in the USA in 2005.9 This finding reflects limited 

progress towards the development of robust shoulder surgery criteria over the past 

decade, despite the vast number of studies of outcome after shoulder surgery undertaken 

during this period. The implications for the lack of consensus for surgical decision-

making criteria reported in these studies may result in inappropriate surgical 

recommendations for individuals who may benefit from other more cost effective and 

less risky conservative measures. 
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With one in four adults reporting shoulder pain at some point in their life,34 often 

with symptoms persisting for six months or more,35 appropriate care pathways are 

imperative to provide appropriate management and advice, in a timely and cost effective  

manner. Although less well investigated for shoulder disorders, it is likely that shoulder 

pain is also multifactorial in nature.  

7.3 Failings of the biomedical model of shoulder pain 

7.3.1 Biomedical model review  

There is a strong belief in the current healthcare system that shoulder pain is 

predominantly driven by a one-dimensional focus on pathoanatomy.  This biomedical 

view underpins a structural model of pathology as the primary source of shoulder 

symptoms, with symptoms potentially arising from one or more structures including 

bone, muscle, tendon, ligament and bursae. 

Differentiation between multiple shoulder structures as a source of symptoms and the 

different pathological entities that potentially exist for those structures is not possible, even 

for experienced clinicians. The vast number of clinical tests reported for assessment of 

shoulder structures lack specificity and sensitivity, and do not allow for diagnosis of 

specific shoulder pathology.36 This has lead to a greater reliance on imaging modalities 

such as ultrasound and magnetic resonance imaging that frequently detect incidental 

findings in the shoulder in asymptomatic populations,37, 38 with additional evidence 

supporting that rotator cuff tear size observed on imaging does not correlate with shoulder 

pain severity.39 Many asymptomatic individuals demonstrate partial and full thickness 

rotator cuff tears on imaging, and individuals with symptomatic rotator cuff tears in one 

shoulder are often shown to have an asymptomatic contralateral tear.40, 41  

The delivery of a pathoanatomical diagnosis, with questionable relevance to the 

individuals’ clinical symptoms,40, 41 may result in a series of further tests, surgical 

intervention, increased healthcare costs or litigation in the case of an insurance claim. 

Despite this lack of clarity for the source of shoulder symptoms, there has been a 

dramatic increase in the number of shoulder surgeries during recent decades, as 

highlighted by study 1 of this thesis1 and other studies,2-6 targeting specific structures 

such as a tendon tear, in an attempt to ‘fix’ these supposedly pathological structures.  

The biomedical model of shoulder pain has been followed from the 1970s when 

Neer first reported that acromial morphology was responsible for irritation to 
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subacromial structures including the bursa and rotator cuff tendons.42 These reports 

resulted in dramatic increases in shoulder surgery over the ensuing decades with surgical 

procedures such as acromioplasty and bursectomy, undertaken in an attempt to provide 

more space for the bursa and rotator cuff tendons, and rotator cuff repair undertaken to 

restore tendon integrity. Contemporary views of rotator cuff disorders have recognised 

that tendon pathology stems from intrinsic tendon failure due to a degenerative process,43 

rather than the previously followed external acromial impingement model. To further 

complicate current understanding, there is no robust evidence to support that the 

experience of shoulder pain is due to rotator cuff tendon pathology or tear. 

7.3.2 Why the biomedical model doesn’t fit 

Current research indicates that this one-dimensional biomedical view to inform 

surgical management is out of context with evidence33, 44 and supported by the lack of 

robust surgical criteria highlighted in study 27 and other studies.8-10 Contemporary 

evidence suggests other non-structural factors contribute to shoulder pain.13, 14, 45 In spite 

of contemporary evidence, it is concerning that shoulder surgery rates are still high and 

increasing in many countries.2-6  

Current evidence indicates that not all individuals undergoing shoulder surgery get 

relief from their symptoms and many individuals report improvement in symptoms after 

surgery despite failed healing or re-tears of the rotator cuff tendon demonstrated on 

imaging.46, 47 These facts again reject the biomedical model of shoulder pain and 

reinforce that structures such as a pathological tendon are not necessarily the primary 

source of shoulder symptoms. Significant pain relief can be achieved with conservative 

management of rotator cuff tears,48-50 with recent studies reporting similar outcomes for 

surgery, physiotherapy or no treatment,33, 51 suggesting that surgery or physiotherapy 

may provide no further benefit for many individuals over natural recovery, relative rest 

and education. Evidence from randomised controlled trials has not shown superior 

outcomes of shoulder surgery over conservative treatment for rotator cuff disorders.52-54 

This diverse evidence for the lack of association between rotator cuff pathology and 

shoulder pain provides compelling evidence that symptoms of shoulder pain cannot be 

assumed to directly relate to tendon pathology, further refuting the biomedical model. 

There is emerging understanding of the multidimensional nature of shoulder pain 

with the pain experience varied among individuals due to social, cultural, environmental, 

physical, psychological and genetic factors.55 The association of non-biological factors 
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with shoulder pain and disability was explored in study 3, which found that poor 

psychological function before surgery was associated with higher levels of pain and 

disability before and after surgery.11 

7.4 Biopsychosocial model of shoulder pain 

A contemporary understanding of shoulder pain supports a biopsychosocial 

approach for the assessment and management of shoulder disorders. Although there are a 

number of proposed biomedical conditions that may contribute to shoulder symptoms, 

for the majority of individuals with shoulder disorders a biomedical cause may not be 

clear. For acute onset shoulder pain, specific pathologies such as bone fractures and joint 

dislocations are typical examples of conditions that generally correlate well with pain 

and disability levels.56, 57 For persistent shoulder pain, identifying the source of 

symptoms is often unhelpful in terms of selecting appropriate management. Specific 

pathologies such as glenohumeral or acromioclavicular joint osteoarthritis may be 

identified through imaging, however as previously discussed, the correlation between 

pathology and pain and disability is often tenuous at best.39  

For some individuals with shoulder disorders, shoulder pain may be nociceptive in 

origin with physical factors such as limitations in range of movement, deficits in muscle 

strength or aberrant movement patterns potentially influencing load on different 

nociceptive structures in the shoulder. It is not possible to differentiate between specific 

nociceptive structures as a source of symptoms, however modification of physical 

factors with conservative measures such as exercise therapy can be an effective means to 

reduce this nociceptive sensitivity.44 

For a large number of individuals with shoulder pain, pain may persist in spite of 

surgery or traditional conservative measures.58 It is important to also consider the 

contemporary evidence for musculoskeletal pain conditions where pain is not only 

nociceptive in origin.59, 60 Factors from other non-biological dimensions may also 

influence an individual’s experience of pain. For some individuals, shoulder symptoms 

may predominantly be the result of biological factors such as tendon pathology.  For 

others, symptoms may be the result of a complex interaction between biological factors 

and non-biological factors, such as health comorbidities, lifestyle, social and 

psychological factors. Failure to identify and manage the different multidimensional 

factors that contribute to shoulder pain may result in poor outcome after conservative 

management or shoulder surgery, or result in unnecessary surgery.  
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An area of emerging research for shoulder disorders is the psychological dimension, 

with affective and cognitive factors considered to contribute to the pain experience for a 

wide range of musculoskeletal conditions,60, 61 including the shoulder. The association of 

poor psychological function with outcome after shoulder surgery is uncertain. In study 3 

it was found that a cluster of individuals with poor psychological function before surgery 

displayed higher levels of pain and disability before and after surgery. Under a 

biomedical model, higher levels of pain and disability may result in earlier consideration 

of surgery. However under a biopsychosocial model, it could be speculated that there 

may be potential benefits from pharmacological, psychological, or behavioural 

interventions before consideration of surgery. This is an area that requires further 

research in the shoulder.  The biopsychosocial model supports a shift of focus away from 

pathoanatomical diagnoses, where the focus on structural pathology results in 

unnecessary imaging and more surgery illustrated in study 1.  

There is a need for a shift in education of healthcare providers and consumers about 

the only weak association between shoulder pain and pathology, similar to that 

highlighted for low back pain.62 Less reliance on imaging will not only save healthcare 

dollars but will also reduce diagnostic pathological labels for potentially incidental 

findings observed on imaging and reduce unnecessary shoulder surgery for these 

incidental findings. Spending of the healthcare dollar for shoulder surgery urgently needs 

review, to better identify the most appropriate surgical candidates. This has been well 

documented for hip and knee osteoarthritis in a recently published model of care.63 

7.5 Rising shoulder surgery trends 

The substantial increase in shoulder surgery rates and associated increase in costs in 

the state of Western Australia over the period 2001 to 2013 were reported in study 1.1 

This finding for a Western Australian population is aligned with the global reports of 

increasing rates of shoulder surgery. The trends were for large increases consistently 

across hospital setting, gender and age for both arthroscopic subacromial decompression 

and rotator cuff repair surgery. 

For hospital setting, the total number of shoulder surgeries performed in both 

private and public hospitals increased across all time-points from 2001-2013. For 

population-adjusted surgical rates, for subacromial decompression surgery there was no 

difference in growth between hospital setting (private versus public), however for rotator 

cuff repair surgery there was a significantly higher growth in the public hospital setting 
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with an estimated annual increase of 3.2% in private versus 8.1% in public hospital 

setting. One possible explanation for the higher growth in the public hospital setting may 

be due to a greater number of shoulder surgeons undertaking surgical training for rotator 

cuff repair in the public system.  

For gender, the proportional increases in shoulder surgery over time were 

comparable between males and females. However, males had an overall higher absolute 

rate of shoulder surgery, possibly reflecting a greater incidence of shoulder pain in 

males. As males tend to be more represented in occupations involving heavy physical 

demands that require forceful or repeated overhead exertions or heavy lifting, it may be 

that there is a tendency toward earlier investigation of symptoms with imaging for males, 

as the current biomedical model underpins that the presence of pathology is a direct 

consequence of load or injury.  

For different age groups, the trends over time for subacromial decompression surgery 

were similar, however for rotator cuff repair surgery there was a significant difference 

between age groups with a 2.4% decrease in the 15-34 year age group, compared to a 2.5% 

and 3.8% increase respectively in the 35-54 year and >55 year age-groups. The 

proportional increase in rotator cuff repair surgeries for the older age group is likely to 

reflect the increased use of imaging and subsequent repair of observed pathology under a 

biomedical model and a move towards less invasive arthroscopic surgical techniques with 

lower risks.5 These rising surgical trends are in spite of contemporary evidence indicating 

that rotator cuff disorders are known to be a normal correlate of aging 64, 65 and the higher 

prevalence rates of asymptomatic rotator cuff tears that are observed in older individuals.64, 

66 Alternative management pathways, addressing the multidimensional factors discussed in 

study 3, may be considered for older individuals. 

Older age has been consistently associated with poorer outcome after shoulder 

surgery.67-71 These reports are concerning for the Australian healthcare system, in view 

of the rising shoulder surgery trends for older age groups shown in study 1. With an 

ageing population, individuals are increasingly active and continue to work into older 

age, often with continued high levels of functional demands and expectations for quality 

of life. Optimum shoulder function is required to maintain independent living, attend to 

self-care, fulfil caring roles and allow participation in recreational pursuits.  

Alternative management pathways, including physiotherapy, exercise therapy, 

psychological and behavioural therapy, are needed to address multidimensional factors that 
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may be associated with shoulder pain and disability. These management options are more 

cost effective, carry lower risks, and are equally important for older and younger adults.  

7.5.1 Factors underpinning rising shoulder surgery rates 

With escalating shoulder surgery rates, increasing global burden of musculoskeletal 

diseases, including shoulder disorders, a worldwide ageing population, rising prevalence 

of shoulder pain and increased pressure on healthcare budgets, there is an urgent need to 

better understand the reasons behind the increased shoulder surgery rates observed both 

in study 1 and globally. There is a pressing need for research to identify any benefits of 

shoulder surgery over more potentially more cost-effective conservative options and 

evidence-based models of care need to be formulated for future management of shoulder 

pain. This will be a step towards arresting the escalating health care costs associated with 

shoulder surgery, that to date have not been shown to provide superior outcomes to other 

conservative measures. It is likely that multiple factors underpin the rising rates of 

shoulder surgery including factors related to the individual, the surgeon and the 

widespread use of imaging. 

Individual patient demand for shoulder surgery may be driving surgical rates up, 

as a result of an increased awareness and understanding of surgical procedures 

available, a greater expectation of quality of life linked with increased life expectancy 

and greater access to private health insurance.72 It could be speculated that greater 

access to modern technology such as the internet allows individuals to explore 

potential causes and management alternatives for their shoulder disorder. There is an 

abundance of readily available literature describing numerous pathologies such as 

subacromial impingement, subacromial bursitis, rotator cuff tendinopathy, partial and 

full thickness rotator cuff tears and a range of management options including surgery.73 

These diagnostic labels reinforce the biomedical model of structural pathology, support 

beliefs that surgical management is necessary, and do not encourage individuals to 

associate shoulder symptoms with other non-pathoanatomical factors.73. Individuals 

who have an expectation for surgical management may have low expectations for the 

success of a physiotherapy rehabilitation program, which have been shown to 

negatively influence outcome of conservative management.74 

Although not reported in the literature, general practitioners may recommend 

primary surgical review of shoulder pain and disability, without consideration of an 

appropriate conservative management in the first instance. Clinical guidelines and 
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consensus statements, although limited, are consistent in their recommendations for a 

period of a physiotherapy rehabilitation, pain management or injection therapy prior to 

consideration for surgery.10 Of the cohort participating in study 3 and 4, over half of 

the individuals scheduled for surgery (53%) had failed to undergo physiotherapy prior 

to surgery. It is not known if this is because individuals in this study had requested a 

primary surgical review, whether they had low expectations of success of 

physiotherapy, or whether the general practitioner or surgeon provided this initial 

recommendation for surgical intervention in the first instance, rather than a trial of 

physiotherapy. This finding may also reflect a lack of translation of the available 

evidence and clinical guidelines into contemporary medical practice. 

Surgeon training and expertise may influence shoulder surgery rates with a higher 

number of more recently qualified surgeons trained in arthroscopic shoulder surgery 

techniques. Recent advances in surgical instrumentation, repair techniques and suture 

anchors, along with the advent of nerve blocks for high-risk surgical patients as an 

alternative to a general anaesthetic, may also have contributed to the rising surgical 

rates.2, 5, 75, 76 With these surgical advances, surgeons may opt for surgical intervention 

for individuals previously considered to be less suitable as a surgical candidate. 

The widespread use of ultrasound or magnetic resonance imaging (MRI) may be 

due to increased reliance on imaging modalities to assist in providing a diagnostic label 

to explain shoulder symptoms, in the absence of robust clinical tests. As previously 

discussed, imaging focuses on a biomedical cause of shoulder symptoms in order to 

identify structural pathology or anatomic variants, therefore the contribution of non-

biological factors to shoulder pain may be overlooked.12-14 Widespread imaging before 

shoulder surgery contributes to increased healthcare costs,77 in addition to the increased 

costs of surgery reported in study 1. Over a five-year period in Australia during the 

2000’s, the use of shoulder ultrasonography more than doubled, corresponding to in 

excess of a two-fold increased cost to the Medicare Benefit Scheme in Australia.78 

Nearly $21 million was spent on diagnostic ultrasound in 2006 alone, a figure that does 

not include costs for imaging guided injection under ultrasound, a commonly added 

diagnostic procedure used for shoulder disorders. Ultrasonography and MRI continue to 

play a substantial role in decision-making for surgery and although specific data was not 

collected for the cohort investigated in this study 3 and 4, a large proportion of 

individuals anecdotally reported having imaging undertaken prior to surgery.  
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7.5.2 Healthcare system strain 

If shoulder surgery trends continue to rise over the coming decade, with escalating 

costs as shown in study 1 and globally, this will likely exceed capacity of healthcare 

budgets. In addition to the direct costs of surgery, the costs for evaluation of rotator cuff 

tears are substantial, with the majority of costs associated with MRI imaging. 

Furthermore, the indirect costs of surgery relate to prolonged time off work for recovery 

and rehabilitation that has implications for lost productivity in the work place. A recent 

systematic review reported an inadequate quality and quantity of publications on the 

economics of interventions for shoulder pain and recommended the need for further 

research with rigorous economic evaluations.79 

In study 1 marked increases in both CPI-adjusted total costs of shoulder surgery 

and average cost per procedure in both private and public hospital settings were 

illustrated. Increase in total cost was driven largely by the rising number of shoulder 

surgeries undertaken from 2001 to 2013, while the increased average cost per 

procedure was likely to be associated with advances in arthroscopic surgical 

techniques, suture anchors and anaesthetic techniques, as has been previously reported 

for other economic shoulder studies.80-82  

7.5.3 Alternative management pathways 

Alternative management pathways are likely to be helpful in reducing healthcare 

costs associated with rising surgical trends. Current evidence supports an initial trial of 

conservative management for shoulder pain. A conservative approach may include 

education and advice, physiotherapy and exercise therapy, psychological and 

behavioural therapy and pharmacology. These approaches could be used in isolation or 

as a combined approach, depending on assessment findings and based on the needs of 

each individual. Further research is needed to develop evidence-based models of care for 

delivery of optimized conservative care. 

There has been a shift towards a reduction in subacromial decompression surgery 

during the past few years in light of recent evidence questioning the efficacy of this 

surgical procedure. A recent study from Finland reported a 20% decline in subacromial 

decompression surgery in the public hospital setting, however this decline was not 

observed in the private hospital setting.83 Recent high quality scientific evidence 

reporting no difference in outcome between subacromial decompression and 
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conservative management was considered to be a major contributing factor to this 

change in clinical practice.53 In the United States a reduction in isolated subacromial 

decompression surgery has also recently been reported.84 Since these reports, a further 

landmark randomised controlled trial has shown no benefit of subacromial 

decompression over sham surgery or no treatment.33 

In contrast, for rotator cuff repair, surgical rates have continued to increase as 

shown in study 11 and supported by other studies.3, 4, 85 This is in spite of recent 

evidence demonstrating that rotator cuff repair surgery conferred no benefit nor 

clinically important differences over physiotherapy.54, 86 A systematic review of seven 

randomized controlled trials (RCTs) reported that the evidence for the effectiveness of 

both surgical and conservative management of shoulder pain was limited, however 

there was moderate evidence that surgery was no more effective than active exercises 

on reducing pain intensity.87 Three additional RCTs with between one and five year 

follow-up 33, 50, 51, 54, 86 reported that there is little difference in outcome between 

surgical and conservative management.  

7.5.4 Recommendations to halt escalating shoulder surgery rates 

Strategies to halt escalating shoulder surgery costs are needed in view of the rising 

surgical trends in Western Australia identified in study 1, the limited guidelines for 

surgery 8 and current evidence that surgery does not provide superior outcomes to other 

conservative measures.87 51 33, 54  

Future healthcare resource allocation for shoulder disorders needs to be based on 

models of care that have been developed from evidence-based interventions that provide 

better health outcomes.79 Given the high costs and risks associated with shoulder 

surgery, current evidence recommends a trial of conservative management and 

physiotherapy prior to consideration of surgery.10, 87 Physiotherapy clinicians must 

provide high value care that includes education, advice and targeted exercise therapy. 

Screening for psychological factors before surgery has been recommended, in order to 

identify the association of poor psychological function with shoulder pain and 

disability.88 There may be potential benefits from psychological or behavioural 

interventions in addition to, or instead of physiotherapy prior to consideration of surgery.  

Surgeons should be cognisant of previous management pathways already undertaken 

for individuals presenting for surgical review. For individuals reporting that they have 
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already undergone physiotherapy, clarification of the details of previous physiotherapy 

management is advised, as a targeted exercise rehabilitation program is an essential 

component of a conservative approach.44 Often conservative management is considered to 

have failed after a period of months, however if the conservative program has only 

involved rest, medication, injection therapy or passive treatment modalities, then guideline 

based care has not been followed adequately.8 In this instance, proceeding to surgical 

management may not be justified and individuals may be referred for a period of 

supervised exercise therapy.  When referring an individual for physiotherapy, surgeons 

should also relay positive expectations to the individual regarding the outcome of such a 

program, as recent evidence suggests that individuals who have low expectations regarding 

the effectiveness of physiotherapy are more likely to fail conservative management.74  

The current evidence for management recommendations should be provided to 

consumers by their health care practitioners, including general practitioners, surgeons 

or physiotherapists, in order to engage in collaborative management decision-making. 

There was close to consensus by surgeons in study 2 for one statement that the patient 

should decide whether to have surgery based on the surgeon’s explanation of 

management options, however it is imperative that this explanation also includes the 

results of recent randomised controlled trials comparing outcome after surgery versus 

conservative management.  

A reduction in the use of widespread imaging modalities would not only reduce 

healthcare costs in terms of unnecessary imaging, but also reduce the reliance on 

diagnostic imaging for surgical decision-making where surgery may be directed to 

incidental findings that may not be associated with symptoms. Although imaging 

modalities such as MRI or ultrasound may be extremely useful for diagnosis in some 

specific cases, such as following trauma, it is critical to correlate imaging findings with 

clinical history, clinical examination and consideration of other potentially non-

pathoanatomical factors that may be associated with shoulder pain. Imaging findings in 

isolation should not be used as an indicator for surgery, as observed findings may relate 

to normal, age-related change.  

When shoulder surgery is recommended, a clearer understanding of surgical 

decision-making criteria needs to be made available to healthcare providers. It is 

imperative to identify what factors are associated with the differential benefit of shoulder 

surgery over sham surgery, conservative interventions or natural history. This will 

facilitate the development of more robust surgical criteria and determine factors that are 
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predictive of pain and disability outcome following shoulder surgery. Shoulder surgery 

can then be targeted to those individuals most likely to benefit, thus easing the financial 

burden on healthcare systems.   

7.6 Shoulder surgery decision-making criteria 

The opinions of a group of Western Australian orthopaedic surgeons regarding 

shoulder surgery criteria were explored in study 2.7 The Western Australian surgeons 

opinion was aligned with previous reports from the USA and UK.9, 10  The findings of 

study 2 are reflective of the current lack of consensus for surgical criteria, which is 

indicative of poor evidence base on which clinical guidelines are reported.  

Although the vignettes provided only limited clinical information, potentially 

leading to different interpretations between surgeons with regard to management choice, 

the rotator cuff survey was used in study 2 as initially developed and reported from 

2005, in order to allow comparison of responses between studies and changes in 

management views over the past decade. In addition, over the past decade there has been 

a greater understanding of an association of multidimensional factors, such as 

psychological factors, with musculoskeletal pain. However, the vignettes used as part of 

the rotator cuff survey do not reflect the current biopsychosocial model, as they were 

largely based on biomedical model information. 

Support for a patient-centred care approach to management was evident in the 

surgeon’s responses to two clinical statements. Consensus (80%) was reached for the 

statement that the expected frequency and duration of rotator cuff rehabilitation after 

surgery should be discussed with patients before surgery. This finding is aligned with 

previous research.9 There was also a trend towards consensus (78%) on a second 

statement, that surgeons should explain the options and let the patient decide whether to 

have surgery. These findings are promising with regards to shared decision-making in 

keeping with patient-centred care. However, it is unknown in clinical practice how 

frequently individuals play a role in shared decision-making for surgery that is based on 

knowledge of current evidence, an understanding of different management options 

available and with realistic expectations. With contemporary healthcare advocating 

patient-centred care models, the role of the individual in making an informed decision 

regarding conservative or surgical care is paramount. Shared decision-making requires 

individuals to firstly have realistic expectations regarding the outcome of shoulder surgery 

with respect to their ability to return to work, participate in sports, reduced pain and 
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disability levels, secondly to have an awareness of the multidimensional nature of shoulder 

pain and finally to have an understanding of current evidence for shoulder surgery versus 

conservative management along with the risks associated with each intervention.  

Consensus was not reached for the other clinical statements that covered different 

management options including physiotherapy and corticosteroid injections, expectations, 

and the role of surgery to prevent tear progression or osteoarthritis. Both physiotherapy 

and corticosteroid injection have inconclusive clinical guidelines for their use. For the 

cohort of people undergoing shoulder surgery in this thesis, 77 of 137 (56%) individuals 

in the cohort received corticosteroid injections before surgery, either by their general 

practitioner, surgeon or by a radiologist under ultrasound guidance. Of these 41 

participants had received two or more injections with 2 reporting having received 10 

corticosteroid injections before surgery. This is an alarming statistic due to the uncertain 

benefit of corticosteroid injection therapy. Patient expectations were explored in study 4 

and found not to be associated with patient-centred outcome measures of pain and 

disability change scores, global rating of change or higher satisfaction rates after surgery. 

This finding may reflect a sample with overall very high expectations before surgery. 

There is a poor correlation between shoulder pain and disability and pathological 

changes, such as tear progression 89 or rotator cuff arthropathy,90 that reinforces the lack 

of clarity regarding which individuals make the best surgical candidates and likely 

contributing to the lack of consensus for these statements. 

7.6.1 Recommendations for future direction for surgical decision-making  

The diversity of surgeon opinion in study 2 is consistent with disparate surgeon 

opinion in the previous USA study conducted a decade ago and reinforces the continued 

uncertainty regarding shoulder surgical decision-making. This is a major concern, 

especially in consideration of the rising surgical trends, an ageing population, continuing 

increased burden on healthcare systems globally and the lack of evidence that surgery 

provides superior outcomes to conservative management or natural recovery. 

It is proposed that the research focus shift from identifying what is the best type of 

surgery, to what is the best type of treatment. It is imperative that models of care are 

developed for the management of shoulder pain, based on high quality evidence from 

comparative trials, and that more robust surgical criteria are established. The clinical 

translation of these models of care is also important, to ensure general practitioners, 

surgeons and other healthcare providers follow evidence-based models of care. And 
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perhaps more importantly, that the healthcare consumer has this information available to 

them to enable true shared decision-making. 

7.7 Biopsychosocial management of shoulder pain 

Management of shoulder pain from a pathoanatomical perspective may involve 

surgery for some individuals with rotator cuff related pathology, with weak evidence 

from clinical guidelines recommending early surgical repair of a rotator cuff tear for 

younger individuals with history of trauma8 or for those individuals who have failed to 

improve after a period of conservative management.10  However, these guidelines 

provide inconclusive evidence for surgery for asymptomatic full thickness rotator cuff 

tears and only weak evidence available for symptomatic full thickness rotator cuff tears. 

Current conservative management has a predominantly biological focus.  

Physiotherapy may be targeted to improve limitations in range of movement or muscle 

length. Physiotherapy also includes exercise therapy targeted to address deficits in 

muscle strength or aberrant movement patterns that may be associated with shoulder 

symptoms. These impairments of physical function may alter load on different 

nociceptive structures in the shoulder, contributing to shoulder symptoms.44 

Pharmacological management such as simple analgesia, non-steroidal anti-inflammatory 

medication or injection therapy may be used for shoulder symptom relief in support of a 

predominantly biological focus. The rationale for pharmacology may be to potentially 

target an “inflamed” bursa or tissue that has been identified on imaging and is assumed 

to be a cause of the patient’s symptoms. 

Differential patterns of affective and cognitive psychological factors in people 

undergoing shoulder surgery were found in study 3. Two different psychological clusters 

were identified, one cluster with better psychological functioning, and another with 

poorer psychological function. The cluster with poorer psychological function was 

associated with statistically and clinically important higher levels of shoulder pain and 

disability,91, 92 both before and at three and twelve months after shoulder surgery, 

adjusting for gender, workers compensation claim, alcohol consumption, and confidence 

in surgical outcome. However, both clusters showed very similar improvements in pain 

and disability scores over time, indicating psychological distress does not preclude 

improvement in pain and disability level after shoulder surgery.  
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The findings in study 3 agree with a study by Dekker 20 illustrating that individuals 

with poorer psychological function before surgery continue to experience higher levels 

of pain and disability after shoulder surgery, however show improvement in pain and 

disability levels from before to after surgery. Study 3 differed from previous studies as a 

range of affective and cognitive factors were explored, in contrast to Dekker20 and 

others17-19 that explored affective factors only. Cognitive factors have not been 

considered for their association with pain and disability levels after shoulder surgery, 

despite reported associations of cognitive factors with poor outcome after conservative 

management.93-97 Cognitive factors are an important consideration in people undergoing 

shoulder surgery. For example, individuals displaying kinesiophobia may be 

apprehensive to move their arm due to fear of pain or fear of damaging their shoulder. 

This apprehension may be more profound following rotator cuff repair surgery for fear 

that the repaired tendon may be damaged.  

Poor psychological function before surgery can be identified with the use of simple 

screening tools, such as the Orebro98 or modified STarT MSK Tool.99  These tools that 

capture constructs including thoughts, fear, mood, anxiety and beliefs, and can be 

followed up with specific questioning. A recently reported concise four question 

psychosocial screening tool for use in the work environment is another example of 

screening to identify risk of delayed recovery that may assist tailoring rehabilitation 

towards psychological barriers.100 Management from a biopsychosocial perspective may 

involve psychologically informed practice to address the behavioural aspects of pain.101 

Research supports the use of these interventions for other musculoskeletal pain 

conditions.102, 103 Exploring whether psychologically informed practice for individuals 

with high levels of psychological factors either before or after surgery can improve 

outcomes is warranted in further research. An important consideration from study 3 and 

4 is that psychologically informed practice that addresses psychological factors before 

surgery has the potential to reduce the need for surgery, if psychological factors are a 

contributor to shoulder symptoms. In addition, management strategies that target 

psychological factors may also be beneficial after surgery for those individuals with 

persistent pain and disability. This is clearly an area needing further research.  

Expectations and confidence in outcome of surgery are other important aspects of 

cognitive psychological function related to the surgery that were explored in study 3 and 

4. For expectations, study 3 found no association of greater expectations before surgery 

with pain and disability change after surgery. This finding was in contrast to previous 
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reports that greater expectations before surgery were associated with improvement in 

pain and disability levels from before to after shoulder surgery13, 14 and greater patient 

satisfaction after shoulder surgery.17, 18 For confidence in surgery, study 3 found that a 

greater level of confidence in the outcome of surgery was associated with greater 

improvements in pain and disability level for participants. However, for the cluster with 

poorer psychological functioning before surgery, these individuals displayed less 

confidence in achieving a successful outcome after shoulder surgery. Patient confidence 

in the outcome of surgery has not been previously explored for shoulder surgery.  

Social factors were investigated in study 3 and 4 and it was found that an active 

workers compensation claim was associated with poorer psychological function. In 

addition, although an active workers compensation claim overlapped with psychological 

distress, it was still found to be independently associated with pain and disability scores 

before and after surgery. These findings are in agreement with previous research that 

workers compensation status 68-70, 104, 105 is associated with higher pain and disability levels 

after shoulder surgery and associated with significant, clinically important and consistently 

poorer outcomes of surgery.106 The mechanisms for worse outcomes for individuals with an 

active workers compensation claim have been suggested to relate a number of factors 

including psychological factors related to the injury and compensation process, the potential 

for financial gain or sickness benefits and the maintenance of healthcare access.106 

Consideration of workers compensation cases is indicated under a biopsychosocial model 

of management. Management such as surgery, that has a pathoanatomical focus, is less 

likely to improve shoulder symptoms for individuals with an active workers compensation 

claim, if associated psychosocial factors have not been addressed. 

7.8 Measuring patient-centred outcome after shoulder surgery 

Patient-centred care has gained greater importance over recent decades and is 

considered the foundation of contemporary models of health care internationally, 

including musculoskeletal pain.22 Patient-centred outcome after shoulder surgery may be 

measured in a variety of ways, including the widely used shoulder pain and disability 

measures, global rating of change (GRC) and satisfaction. While these aspects of 

outcome appear somewhat similar, there has been no clear understanding how these 

outcomes relate to each other, so this was the focus of study 4. Shoulder pain and 

disability measures assess changes in pain and disability level if measured both before 

and after surgery,91, 107 however with over thirty different patient shoulder pain and 
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disability measures in clinical use and research, comparison of outcome between studies 

can be difficult as there is a lack of consistency for their use.108, 109  

Study 4 uniquely explored how strongly all three aspects correlated with each other. 

The widely used shoulder pain and disability measures were found to align with other 

aspects of patient-centred outcome. As GRC and satisfaction measures are less 

burdensome than shoulder pain and disability outcome measures, they may be useful in 

clinical practice if time limitations prevent the use of the more detailed shoulder pain and 

disability outcome measures.  The overlap identified in study 4 potentially indicates that 

it may not be necessary to collect all three aspects of patient-centred outcome in order to 

gauge surgical success from the individuals’ perspective. However, there may be 

additional benefits in the use of patient-reported pain and disability measures, such as 

knowledge about provocative activities or functional limitations. This additional 

knowledge may be beneficial to direct rehabilitation to the concerns of each individual 

and could be identified from the more detailed pain and disability measures. 

All three measures of patient-centred outcome in study 4 were found to be similarly 

associated with both poorer psychological function and an active workers compensation 

claim, which highlights the importance of these factors to the long term outcome after 

shoulder surgery. Based on the findings from study 4, it could be assumed that if a 

variable before surgery is reported in the literature to be associated with changes in pain 

and disability after surgery, it is likely to also be similarly associated with GRC or 

satisfaction. This may help to interpret the diverse literature better when assessing the 

evidence for various correlates of outcome after shoulder surgery.  

A greater understanding of patient-centred outcome after shoulder surgery is 

important as it may influence whether individuals seek additional or alternative care and 

allows evaluation of the benefit of interventions versus their risks and costs. Decision-

making for interventions such as surgery should be shared between individuals and their 

surgeons, and based on the provision of the best available evidence for surgical efficacy, 

realistic expectations and a comprehensive understanding of alternative treatment 

pathways. In addition, it is imperative to consider factors that are important to an 

individual that reflect a meaningful improvement in symptoms after surgery. 

The findings of study 4 have clarified the relationship of shoulder pain and disability 

measures to overall GRC or satisfaction that has not previously been clear. The use of 
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patient-centred outcome measures can assist in determining what factors are important 

from the individuals’ perspective and inform future decision-making for management. 

Traditional outcome measures of surgical success, such as imaging, are of limited 

utility from a patient-centred approach, due to the poor correlation between tendon 

healing and changes in pain and disability after surgery.46 Even outcome measures 

such as clinical examination of range of movement and strength, may have limited 

utility in determining changes in pain and disability that is meaningful to an individual. 

However, clinical examination findings of range of movement or strength deficits may 

be useful in combination with measurement of patient-centred outcome, to direct 

exercise therapy rehabilitation. 

7.9 Clinical implications 

The findings of this thesis provide the following important recommendations for the 

management of shoulder pain. 

1. Strategies need to be implemented to address rising shoulder surgery trends and 

costs.  There is an increasing trend for shoulder surgery without clear evidence in 

the literature to support that it is superior to conservative interventions.  For 

healthcare policy makers in Australia, this is an important consideration for 

healthcare budgets, to ensure that expensive interventions such as surgery are 

aligned with contemporary models of care and targeted to those individuals most 

likely to benefit. The clinical implications are to address the potential multiple 

factors that may be responsible for driving up the increasing surgical rates. Methods 

to address these factors include first, reducing the reliance on imaging findings as 

diagnostic criteria.  Second, educate primary care providers, including general 

practitioners and physiotherapists, to provide recommendations for a conservative 

management program as a first line of care, prior to surgical consideration. Third, 

consumers need to be educated about the limitations of the current guidelines that 

are based on low level evidence, and the need for high value care for shoulder pain. 

Fourth, improve levels of funding for conservative management as a first line of 

care.  

2. There is a lack of consensus as to which individuals are appropriate surgical 

candidates, and a lack of evidence for superiority of surgical over conservative 

management. Clear guidelines for management, based on a biopsychosocial 

understanding of shoulder pain have already been developed for some shoulder pain 

populations,110 but implementation of these guidelines remains problematic. These 
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guidelines promote simple, low-cost but high-value care management, including 

psychologically informed practice. While further research is needed to continue to 

better inform these guidelines, a model of care for shoulder pain that provides a “big 

picture” blueprint of how evidence informed care for shoulder pain can be delivered 

at the different tiers of the health system is required. Under a biopsychosocial model 

there may be potential benefits for a multidimensional conservative approach 

targeting psychologically informed practice, prior to consideration of surgery. These 

alternative management pathways are more cost effective and less risky, with 

current evidence indicating similar outcomes to surgery. A model of care for 

shoulder pain is needed that is informed by further research into which individuals 

are more or less likely to benefit from shoulder surgery, and identifying less 

expensive alternative care pathways as a primary management choice. 

3. Multidisciplinary clinics are needed to provide consistent, evidence-informed 

messages by a team of like-minded health professionals including orthopaedic 

surgeons.  For physiotherapists, high value care must be delivered that provides 

education, advice and targeted exercise therapy aimed to address individual 

impairments. 

4. Psychological factors should be screened and clinically assessed for all individuals 

with persistent shoulder pain with simple screening tools, such as the Orebro98 or 

modified STarT MSK Tool,99 followed up by targeted clinical questioning.  There is 

the potential that addressing psychological factors before surgery may enhance 

outcomes of surgery, however this is an area that requires further research.  

5. If shoulder pain is in the context of a workers compensation claim, then additional 

consideration should be given to work related factors that may be additional barriers 

for recovery. 

6. The overlap between the three aspects of patient-centred outcome identified in study 

4 suggests that in clinical practice, the use of a simple measure of one aspect of 

outcome may suffice where the aim is to simply assess meaningful improvement 

from the individual’s perspective. This could be considered more time efficient, cost 

effective and less burdensome. However, there may be additional benefits in the use 

of patient-reported pain and disability measures, such as knowledge about 

provocative activities or functional limitations. This additional knowledge may be 

beneficial to direct rehabilitation to the concerns of each individual and could be 

identified from the more detailed pain and disability measures. 
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7.9.1 Developing a Model of Care   

Clear pathways for the assessment and management of shoulder pain disorders are 

urgently needed. A Model of Care (MoC) is defined as an evidence and consultation-

informed framework that describes what and how health services and other resources 

should be delivered to people who live with specific health conditions.111 A MoC has 

recently been reported in Australia for the management of hip and knee osteoarthritis,63 

as osteoarthritis has been reported to be one of the five main contributors of global 

disability in the Global Burden of Disease Study.25, 112 Currently, there is no MoC for 

shoulder disorders to inform assessment and management, however there is a Western 

Australian MoC for musculoskeletal pain and health in general.113 A rationale for the 

development of models of care for musculoskeletal health has recently been reported.111 

This report provides healthcare practitioners a contemporary overview of models of care 

in Australia their relevance to musculoskeletal health and could be used as a basis for the 

future development of a MoC for the management of shoulder pain and disability. A 

MoC could describe what care and how care should be organised and delivered to 

provide optimal management for individuals with shoulder disorders. 

A proposed MoC for shoulder pain disorders is illustrated in Figure 7.1 This MoC 

for shoulder pain should specify the identification of serious medical conditions and 

appropriate assessment and triage for traumatic onset shoulder pain. For gradual onset 

and persistent shoulder pain, the identification of contributing modifiable factors could 

facilitate a targeted care pathway based on assessment findings and current evidence. For 

the first line of care, self-management advice should include effective strategies for self-

care, maintenance of physical activity, cessation of smoking and dietary advice. 

Education should include the uncertain etiology and natural history, the common finding 

of asymptomatic age-related changes and the multidimensional nature of shoulder pain. 

Physiotherapy should include a targeted exercise therapy program, and recommended as 

an initial management choice. Psychological or behavioural interventions may be 

indicated for individuals demonstrating evidence of altered moods and emotions or poor 

beliefs such as kinesiophobia or low pain self-efficacy. Pharmacology interventions may 

be indicated for integration with conservative measures, including simple analgesia and 

non-steroidal anti-inflammatory medication, injection therapy, or stronger short-term 

pain medications. Surgery may be considered for individuals with good tendon health, 

who have persistent symptoms despite a course of conservative management that has 

included targeted exercise therapy. 
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Figure 7.1 A proposed Model of Care for the assessment and management of a 

person with shoulder pain 
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7.10 Strengths and limitations 

This is the first study to report surgical trends and surgical criteria for individuals 

with shoulder pain in an Australian population. Although not new from a global 

perspective, study 1 and 2 inform the current landscape for shoulder surgery in Western 

Australia. Only a single state of Australia was explored in study 1 and 2 which could be 

considered a limitation, however it is likely that these results would be replicated 

nationally in other states of Australia. 

Study 3 is the first study to consider both affective and cognitive psychological 

factors in individuals undergoing shoulder surgery and their association with pain and 

disability outcome before and after shoulder surgery. Although explored in a low back 

pain cohort,114 this approach is novel for the shoulder. Study 4 is the first study to 

investigate the association between different aspects of patient-centred outcome in 

people undergoing shoulder surgery, and to confirm that psychological factors are, for 

the most part, similarly associated with change in pain and disability, GRC and 

satisfaction after shoulder surgery. One limitation of study 3 and 4 was that study 

participants were already scheduled for shoulder surgery, possibly resulting in some 

patients scoring better on cognitive psychological measures due to a belief that surgery 

would ‘fix’ their shoulder. A sample of individuals without a specific surgical 

management pathway in place may have shown a distinct cluster that scored highly on 

cognitive factors only, as was found in the previous low back pain sample.114 However, 

the findings from study 3 and 4 are in line with previous recent studies highlighting the 

multidimensional nature of shoulder disorders12-16 and together these results support a 

biopsychosocial model of shoulder pain.  

There are a number of other limitations related to study 3 and 4 of this thesis.  First, 

there was no comparison to sham surgery, conservative management or no treatment, so 

it is unknown if the outcome after surgery was attributable to the surgery itself or some 

other factor such as placebo, an enforced period of rest after surgery, natural progression 

of recovery, rehabilitation undertaken after surgery, or some other unknown factor. This 

also means that the associations between psychological and other factors with outcome 

that were identified in Study 3 and 4 cannot be interpreted as associations with a positive 

response to surgery, as they may be merely prognostic of a good outcome regardless of 

whether or not an alternative intervention was undertaken.   Second, the loss to follow-

up meant the size of the cohort being studied was smaller than anticipated, which 

reduced the power of study 3 and 4 and potentially limited the detection of differing 
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strengths of associations between variables and the three aspects of outcome. Finally, the 

study sample bias towards a greater number of participants in a private hospital setting 

was due to lower participant recruitment and retention in the public hospital setting, with 

a smaller number of public patients available, changes or cancellation of surgical lists 

and a greater participant loss to follow-up in the public hospital setting. The fewer 

number of public hospital participants may have influenced clusters and cluster 

membership in study 3, with a higher number of fee paying participants in a private 

hospital setting potentially having greater expectations of outcome after shoulder 

surgery, and beliefs that surgery would ‘fix’ their shoulder problem. However, there was 

no statistical evidence that study findings differed between hospital setting. 

7.11 Directions for future research  

The body of work undertaken for this thesis provides important directions for 

future research.  

First, there is a pressing need for research to identify benefits of shoulder surgery 

over potentially more cost-effective conservative options.  This will allow distinction 

between factors that are simply prognostic of pain and disability outcome and factors 

that are predictive of the benefit of surgery over other interventions. This will also allow 

for surgical interventions to be allocated to those who are most likely to benefit. 

Second, evidence-based models of care need to be formulated for future 

management of shoulder pain. There is a need for comparative effectiveness trials of 

surgery versus integrated approaches using psychologically informed conservative care, 

such as pain education, psychologically informed physiotherapy,115 cognitive 

behavioural therapy, cognitive functional therapy, graded exposure, graded activity, 

acceptance and commitment therapy. When surgery is a consideration, there is an urgent 

need for research to inform robust evidence-based guidelines for surgical criteria.  

Third, there is a need to validate screening tools for factors prognostic of poorer 

outcomes specifically in individuals with shoulder pain in both occupational and general 

population settings. The Keele STarT MSK tool99 has recently been developed for 

musculoskeletal pain, but as this has been for a large cohort of mixed musculoskeletal 

areas, data specifically for shoulder disorders is not available. The Orebro screening 

tool98 is useful for the assessment of psychosocial factors associated with poor outcomes 
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in an occupational setting, such as psychological distress, coping, beliefs, work 

perception, work absence and functional limitations. 

It is still unclear as to the role that patient expectations play both in terms of making 

a decision to undergo surgery and the subsequent satisfaction with the outcome of 

surgery. Further exploration of this important topic could include assessment of benefit 

and risk preferences using techniques such as discrete choice experiments and qualitative 

methodology, such as is currently being conducted other areas of orthopaedic surgery.116 

7.12 Conclusions  

The findings of this thesis highlight the increasing trend for shoulder surgery and 

associated costs in Western Australia, the lack of consensus amongst surgeons regarding 

decision making processes for shoulder surgery and the role of psychological factors in 

outcomes of shoulder surgery. Together these findings highlight the need for a 

biopsychosocial approach to the screening, assessment and management of people with 

shoulder pain. Evidence based guidelines are needed to assist decision making processes 

for the management of shoulder pain and in particular for shoulder surgery. 
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Appendix A Study One Supplementary Documents 

Table A.1 Total number of surgical procedures undertaken in Western Australia 

from 2001-2013 

Procedure 

Rate per 100,000 

2001 

Rate per 100,000 

2013 

Percentage change 

2001-2013 

Arthroscopic    

ASAD 53.8 108.7 102.0% increase 

ARC 88.8 149.5 68.4% increase 

All arthroscopic 142.6 258.2 81.1% increase 

Open    

OSAD 6.0 3.8 36.7% decrease 

ORC 19.2 5.0 74.0% decrease 

ORCR 8.4 6.3 25.0% decrease 

All open 33.6 15.1 55.1% decrease 

All procedures 176.2 273.3 55.1% increase 

Abbreviations: ASAD – arthroscopic subacromial decompression; ARC – arthroscopic reconstruction; OSAD 

– open subacromial decompression; ORC – open reconstruction (SAD and RCR combined); ORCR – open 

rotator cuff repair 
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Appendix B Study Two Supplementary Documents 

B.1 Rotator Cuff Survey - Part 1 
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B.2 Rotator Cuff Survey - Part 2 
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Appendix C Study Three Supplementary Documents 

C.1 Supplementary detail regarding Latent Class Analysis  

One to five cluster models were estimated with 1000 random starts to ensure global 

rather than local solutions. Log-likelihood-based Akaike’s information criterion, 

Bayesian information criterion, and consistent Akaike’s information criterion were used 

to assess comparative fit of n-class models. Posterior probability diagnostics 

(classification error, entropy R2 value, average posterior probability for each cluster, and 

odds of correct classification) were used to assess the classification accuracy of the 

models. Participants were assigned to the cluster for which they displayed the maximum 

posterior probability of membership.  
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C.2 Data Tables 

Table C.1 Univariate association between potential confounding variables and ASES 

over time 

Univariate 

Number for 

analysis* 

Regression 

coefficient 95% CI p value 

Female gender 124 -7.1 -12.5 -1.6 0.001 

Age (5-year increments) 124 0.11 -0.92 1.14 0.833 

RCR versus ASAD 98 -1.59 -7.56 4.14 0.601 

WC 120 -12.05 -18.52 -5.58 <0.001 

BMI _obese 119 -2.94 -8.92 3.04 0.335 

DOS   1 year 123 -0.22 -5.74 5.29 0.937 

Smoker 123 -5.46 -12.25 1.34 0.116 

Alcohol (per category 

increment) 

124 3.07 .90 5.24 0.006 

Lifting occupation 122 0.47 -5.85 6.78 0.885 

Confidence 8 or more 

(63.3%) 

120 9.36 3.88 14.84 0.001 

Public versus private 124 -2.21 -9.18 4.76 0.535 

Comorbidity 1 or more 

(31.5%) 

124 0.59 -5.17 6.35 0.842 

Education level 124    0.656 

Tertiary college (versus 

high or less) 

 0.23 -5.84 6.31 0.940 

University (versus high 

or less) 

 3.15 -3.91 10.21 0.382 

*Out of 124 for cluster membership 

Multilevel mixed model; each variable tested for time interaction; if nonsignificant at  < 0.1, results 

presented pooled for time in absence of time interaction; some ordinal/continuous variables 

dichotomized (BMI, DOS) for easier interpretation, but presence/pattern of association was checked using 

continuous variable in the first instance; each variable tested for time interaction; all tests α > 0.10. 

Abbreviations: ASES –  American Shoulder and Elbow Surgeons score; CI – confidence interval; RCR – 

rotator cuff repair; ASAD – arthroscopic subacromial decompression; WC– workers’ compensation claim; 

BMI – body mass index; DOS – duration of symptoms. 

 



 

207 

Table C.2 Differences in potential confounding variables between the two psychological clusters 

Confounding variable Measures Cluster 1 (n = 84 [68%]) Cluster 2 (n = 40 [32%]) p value 

ASES_TOTAL§ mean (SD) 54.6 (18.0) 39.5 (15.2) < 0.001* 

ASES_Pain subscale|| mean (SD) 23.8 (11.9) 16.8 (9.6) 0.002* 

ASES_Function subscale¶ mean (SD) 30.8 (8.3) 23.1 (7.8) < 0.001* 

Female gender  number (%) 32 (38.1%) 14 (35.0%) 0.739† 

Age (years)  mean (SD) 54.5 (14.2) 49.9 (10.7) 0.069* 

Surgical procedure§§     

ASAD 

RCR ( SAD) 

number (%) 
number (%) 

30 (44%) 
38 (56%) 

13 (43%) 
17 (57%) 

0.943† 

Workers’ compensation claim†† number (%) 10 (12%) 16 (41%) < 0.001† 

BMI**  mean (SD) 28.5 (4.8) 28.5 (5.1) 0.948* 

Duration of symptoms  (median [IQR]) 
(min, max) 

3 (2, 5) 
(0, 5) 

3 (2, 4) 
(0, 3) 

0.998‡ 

Smoker**  number (%) 13 (16%) 12 (31%) 0.050† 

Alcohol (per category increment) (median [IQR]) 
(min, max) 

2 (1, 3) 
(0, 4) 

2 (1, 2) 
(0, 4) 

0.148‡ 

Lifting occupation‡‡  number (%) 20 (24%) 10 (26%) 0.766† 

Confidence that surgery will relieve symptoms  
(NRS) 

mean (SD) 8.2 (1.6) 7.2 (1.7) 0.002* 

Private hospital setting number (%) 67 (80%) 33 (83%) 0.718† 

Comorbidity 1 or more (31.5%) number (%) 29 (35%) 10 (25%) 0.286† 

Education level (3 levels) (median [IQR]) 
(min, max) 

2 (1, 2) 
(1, 3) 

2 (1, 2) 
(1, 3) 

0.540‡ 

Statistical test used:  * t-test; † chi square test; ‡Wilcoxon rank-sum test 
§missing 8 cases in cluster 1, 2 cases in cluster 2; ||missing 5 cases in cluster 1, 1 case in cluster 2; ¶missing 4 cases in cluster 1, 1 case in cluster 2; **missing 1 case in cluster 2; ††missing 3 cases 
in cluster 1, 1 case in cluster 2; ‡‡missing 2 cases in cluster 2; §§missing 16 cases in cluster 1, 10 cases in cluster 2. 

Abbreviations: ASES – American Shoulder and Elbow Surgeons score; ASAD – arthroscopic subacromial decompression; RCR –  rotator cuff repair; SAD– subacromial decompression; BMI – 
body mass index; NRS – numeric rating scale. 
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Appendix D Study Four Supplementary Documents 

D.1 Comparison between participants with and without all three aspects of patient-centred outcome 

Table D.1 Comparison of descriptive statistics for all variables before surgery for participants with and without measures of all three aspects of 

patient-centred outcome at 12 months after surgery 

Variable Measures 

Participants with all three 

outcomes 

(n=104) 

Participants missing at least one 

outcome 

(n=33) p value 

Psychological factors     

DASS† mean (SD) 12.4 (18.2) 20.5 (23.7) 0.0561 

PSEQ†† mean (SD) 43.8 (12.0) 30.3 (13.9) <0.0011* 

PCS ‡ mean (SD) 10.1 (10.7) 16.9 (14.4) 0.0081* 

TSK ‡‡ mean (SD) 23.4 (6.9) 26.1 (7.9) 0.0751 

Expectations (0-5) mean (SD) 4.4 (0.6) 4.3 (0.7) 0.4231 

Confidence that surgery will relieve symptoms 
(8 or more on NRS) 

number (%) 69 (69%) 12 (39%) 0.0022 * 

Age (years)  mean (SD) 51.2 (14.2) 54.3 (12.8) 0.2461 

Female gender  number (%) 38 (37%) 12 (36%) 0.9852 

Surgical procedure^     

ASAD 

RCR 

number (%) 

number (%) 

33 (40%) 

50 (60%) 

15 (60%) 

10 (40%) 

0.0742 

Workers’ compensation claim number (%) 14 (14%) 15 (39%) 0.0012 * 

BMI  mean (SD) 28.5 (4.7) 28.3 (5.9) 0.8371 
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Variable Measures 

Participants with all three 

outcomes 

(n=104) 

Participants missing at least one 

outcome 

(n=33) p value 

Duration of symptoms  
(1 yr or more) 

number (%) 45 (44%) 12 (36%) 0.4582 

Smoker  number (%) 14 (13%) 14 (44%) <0.0012* 

Alcohol (median [IQR]) 2 (1,3) 2 (1,3) 0.1623 

Lifting occupation  number (%) 80 (77%) 21 (68%) 0.3012 

Private hospital setting number (%) 86 (83%) 21 (64%)  0.0212 * 

Comorbidity 1 or more number (%) 36 (37%) 9 (27%) 0.4342 

Education level (3 levels)    0.0123* 

Secondary school 

Technical college 

University 

number (%) 

number (%) 

number (%) 

 42 (40%) 

38 (37%) 

24 (23%) 

23 (70%) 

7 (21%) 

3 (9%) 

0.0123* 

Sport level  number (%) 55 (53%) 9 (29%) 0.0202 * 

Statistical test used: 1 t-test; 2 chi-squared test; 3 Wilcoxon rank-sum 

Abbreviations: ASAD – Arthroscopic subacromial decompression; RCR – Rotator cuff repair; BMI – Body mass index; NRS – numerical rating scale (11 point scale); DASS – Depression 

Anxiety Stress Scale; possible range: 0-126 (higher score = greater psychological distress); PSEQ – Pain Self-Efficacy Questionnaire: possible range: 0-60 (higher score = higher pain 

self efficacy); PCS – Pain Catastrophizing Scale; possible range: 0-52 (higher score = greater pain catastrophizing); TSK – Tampa Scale for Kinesiophobia: possible range: 1-44 (higher 

score = greater pain related fear of movement) 

^missing 29 cases †missing 5 cases; ††missing 7 cases ‡missing 6 cases; ‡‡missing 4 cases 
*denotes statistical significance <0.05 
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D.2 Global Rating of Change Scale 

 

Global rating of change scales (Kamper, 2009) 
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D.3 Satisfaction Scale 

 

Patent satisfaction with outcome after rotator cuff surgery (O’Holleran, 2005) 
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Appendix E Descriptive Statistics for Withdrawn 

Participants 

Descriptive statistics for participants recruited for study who then withdrew consent 

(n=16). All data analysis was undertaken using STATA Version 14.1 (StataCorp, 

College Station, TX, USA). 

Table E.1 Descriptive statistics for demographic data for the participants who 

consented to participate in study then withdrew 

 

Demographic variable 

Summary 

statistic 

Age, years* 

  median (IQR) 

  (min, max) 

 

54 (36,57) 

(28,62) 

Female**   n (%) 5 (42%) 

Reason for withdrawing from study   

Surgery cancelled   n (%) 4 (25%) 

Opted for conservative management  n (%) 4 (25%) 

Changed mind about participation in study  n (%) 8 (50%) 

* missing 8 cases 

** missing 4 cases 
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Appendix F Participant Questionnaire Booklet Before 

Surgery 
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Appendix G Participant Information Sheet 
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Appendix H Consent Form 
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