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Abstract 

 

Background  

 

Shoulder pain is a common problem and a challenge for public healthcare service providers. 

Those suffering from it are often referred to an orthopaedic specialist in pursuit of a surgical 

solution, only to be confronted with long waiting lists and in many instances, the news that 

surgery is not recommended. As the population ages and demand for health services 

increases, the need for more efficient service provision will intensify.  

 

To address this challenge, traditional orthopaedic pathways are evolving. Today many 

orthopaedic patients are seen by physiotherapists instead of doctors. This form of 

professional substitution aims to reduce waiting periods and improve access to the most 

appropriate care. Yet the health economic impact of expanding physiotherapist duties is not 

well understood as research in this field has lacked scope and rigour, particularly in relation 

to prescribing and injecting. Consequently, the optimal contribution of physiotherapists to 

the delivery of efficient shoulder care is unclear.  

 

Shoulder pain provides a clinical platform to explore the efficacy and efficiency of expanding 

the role of physiotherapists in orthopaedic services. Orthopaedic shoulder care involves 

assessment, diagnosis and management; selection of individuals for and provision of 

corticosteroid injection, referral for physiotherapy, identification of individuals requiring 

surgery and surgical care. Evaluation of the impact of professional substitution with a 

physiotherapist should consider the safety, efficacy, efficiency and patient-acceptability of a 

physiotherapist compared with an orthopaedic doctor.   

 

Objective  

 

To investigate the health economic impact of substituting an orthopaedic surgeon with a 

physiotherapist in the management of shoulder pain and determine the optimal role of 

physiotherapists in the efficient care of patients referred to orthopaedics for shoulder pain. 
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Methods 

 

A number of studies were undertaken to meet the objective: 

 

A systematic review was undertaken to clarify the safety, efficacy, cost effectiveness and 

patient-acceptability of physiotherapists acting as a professional substitute for doctors, in the 

management of musculoskeletal disorders. Unlike previous reviews (which predominantly 

comprised of single-group observational case series), the only studies included were those 

that directly compared management by a physiotherapist with management by a doctor. To 

address methodological deficiencies identified in the systematic review and related evidence 

gaps, a series of studies (linked to an overarching randomised controlled trial protocol) were 

designed.  

 

New and unfiltered general practitioner-referred adults with shoulder pain from the 

orthopaedic waiting list were recruited to attend orthopaedic outpatients at a large public 

hospital in Australia. Baseline data were collected from 277 participants, of which 274 were 

assessed by both a physiotherapist and an orthopaedic surgeon and 64 entered an RCT before 

receiving pragmatic usual care. This permitted three separate investigations: 

 

• The economic burden of shoulder pain was estimated with a two-part cost-of-illness 

analysis. Retrospective cost and impact data, together with work absenteeism and 

presenteeism information provided by the 277 participants was used to estimate the 

economic burden of patients on the orthopaedic waiting list. In addition, the cost of 

hospital care provided to those 277 participants was calculated over a two-year period.  

 

• The efficacy and efficiency of physiotherapist decision making was investigated with an 

agreement study which compared a physiotherapist and orthopaedic surgeon’s care 

decisions in 274 participants who were independently assessed by the physiotherapist 

and the orthopaedic surgeon. Shoulder pain diagnosis and management, including 

decisions regarding investigations and selection for subacromial corticosteroid injection, 

were compared using inter-rater reliability statistics.  
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• A double blinded non-inferiority randomised controlled trial investigated the efficacy and 

efficiency of the physiotherapist delivering subacromial corticosteroid and local 

anaesthetic injection compared with the surgeon. Participants deemed appropriate for 

injection in their assessment with both the physiotherapist and the orthopaedic surgeon 

(N=64), were randomized to receive the injection from either one of these professionals. 

All subjects received routine post-injection physiotherapy (not delivered by the injecting 

physiotherapist). The primary outcome was the shoulder pain and disability index (SPADI) 

administered at baseline, six and 12-weeks. The EuroQoL (EQ-5D-5L) supported a within 

trial cost utility analysis undertaken from the perspective of the health funder.  

 

Results 

 

Fourteen studies of moderate to low quality met the inclusion criteria for the systematic 

review. While substitution of the doctor with a physiotherapist in the management of 

musculoskeletal disorders did not change health outcomes and produced inconsistent 

variation in resource use, there were major methodological shortcomings: in all but two 

studies, selective inclusion criteria removed more complex cases rendering the study cohort 

different to usual orthopaedic populations, there was insufficient health economic data to 

judge efficiency and there was no information about prescribing or injecting by 

physiotherapists in comparison to doctors.  Consequently, the efficacy and efficiency of 

physiotherapist roles in shoulder care was unclear. 

 

The cost-of-illness study revealed that public orthopaedic waiting lists create a large cost 

burden for society. The mean societal cost of healthcare and domestic support was 

AU$20.72 per day (AU$7563 annually) per patient on the orthopaedic waiting list. When 

absenteeism and presenteeism are included, the cost per patient who was employed was 

AU$61.31 per day (AU$22,378 annually) calculated with the Work Productivity and Activity 

Impairment Questionnaire (WPAI). The mean per patient cost to government of public 

hospital care was AU$2622 in year one and AU$3836 (SD 4961) over two years. Care 

delivery lacks efficiency with a surgical conversion rate of only 22% and with 51% of hospital 

care cost attributable to outpatient services.  
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The agreement study revealed that the physiotherapist made safe and very similar shoulder 

management decisions to the orthopaedic surgeon, with no apparent impact upon the 

utilization of healthcare resources. There was near perfect agreement between the 

physiotherapist and consultant orthopaedic surgeon regarding diagnosis, investigation, 

surgical versus non-surgical care, referral for physiotherapy treatment and judgement of the 

safety of subacromial injection of corticosteroid and local anaesthetic. The physiotherapist 

was moderately less inclined to use subacromial injection as an immediate treatment.  

 

The non-inferiority RCT and health economic analysis supported the hypothesis that a 

physiotherapist can prescribe and deliver subacromial corticosteroid and local anaesthetic 

injection at least as effectively and at less expense than a consultant orthopaedic surgeon.  

 

Conclusion 

 

A physiotherapist trained in prescribing and injection of corticosteroids and local anaesthetic, 

can safely, efficaciously, less expensively and with high patient satisfaction, be a professional 

substitute for the orthopaedic surgeon with respect to the non-surgical components of 

shoulder care including patient assessment, management, and delivery of subacromial 

injection. 
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   Introduction   

	
 Context  

 

Shoulder pain is a common and disabling musculoskeletal disorder that presents a conundrum 

for service providers and policy makers; the recommended management is usually non-

surgical (Diercks et al., 2014), yet many patients are referred to orthopaedic surgeons. Public 

hospital orthopaedic demand outweighs capacity thus patients often spend lengthy periods 

awaiting orthopaedic consultation (Curtis et al., 2010), only to receive non-surgical care. 

Inefficiencies such as these are burdensome for individuals with shoulder pain and costly to 

society but not well understood. A remediation strategy involves the use of physiotherapists 

as professional substitutes for orthopaedic doctors (Comans et al., 2014; Stanhope et al., 

2012). The aim of this is to cost-efficiently increase service capacity, manage non-surgical 

cases and avert the political complications of lengthy waiting lists. This has prompted 

expansion in the scope of physiotherapy into various areas, including medical investigations 

and medicines (Department of Health, 2009).  Yet the nature and autonomy of these 

physiotherapy roles are highly variable.  

 

Legislative advances permitting prescribing of medicines by physiotherapists in the UK 

(Department of Health, 2009; UK Government, 2013) have not been replicated internationally 

and funding structures can hinder physiotherapist access to investigations and procedures. 

Therefore, patient care varies between services. This variability indicates confusion about the 

potential contribution of physiotherapists to contemporary orthopaedics and suggests 

inefficiencies in service delivery. Underpinning this is a lack of evidence about the impact of 

substituting orthopaedic doctors with physiotherapists. Research has not kept pace with 

service innovation, managers and policy-makers lack clear evidence to guide decisions and 

the optimal role of a physiotherapist is unclear. Patients and services stand to benefit from 

clarification of this position.  
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 Conceptual perspective of the thesis 

 

In this thesis, shoulder pain provides a clinical platform upon which to investigate the impact 

of substituting an orthopaedic doctor with a physiotherapist. A professional substitute must 

be safe, efficacious and economically efficient, whilst also satisfactory to patients. Therefore, 

all these variables are investigated within the inter-professional comparisons presented. The 

clinical perspective throughout the thesis prioritizes patient need over the constraints of 

current physiotherapy practice, as each of the key orthopaedic non-surgical needs 

(assessment, investigation, management decisions and corticosteroid injection) are 

investigated, despite prescribing and injection presently being beyond the legislative scope of 

physiotherapy in Australia. Investigation of the economic burden of shoulder pain provides 

context for the impact of potential cost savings and policy change. Together, this permits a 

clinical and economic assessment of the contribution that a physiotherapist can make to 

orthopaedic shoulder care. Figure 1-1 provides a conceptual model for the thesis. 

 

Figure 1-1 Conceptual model of the thesis 

 

Economic burden of shoulder pain 

Shoulder care 

Assessment 

Investigation 

Management decisions 

Injection delivery 

Service impact 

Safety 

Efficacy 

Efficiency 

Patient satisfaction 

 

Variable contribution from physiotherapists to orthopaedic shoulder care 

Clear role for physiotherapists in orthopaedic shoulder care 

Substitution of doctor with 
physiotherapist 
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 Research Objective 

 

To investigate the health economic impact of substituting an orthopaedic surgeon with a 

physiotherapist in the management of shoulder pain and determine the optimal role of 

physiotherapists in the efficient care of patients referred to orthopaedics for shoulder pain. 

The specific aims of the thesis appear at the end of Chapter 2.  

 

 

 Structure of the thesis 

 

The thesis consists of eight chapters, with five of these chapters containing peer reviewed 

published articles. Figure 1-2 displays a structural model of the thesis. 

Chapter 1 sets out the context, concept and structure of the thesis. 

Chapter 2 provides background information about shoulder pain management and 

professional substitution. A framework for the evaluation of professional substitution, the 

research aims and objective are presented. 

Chapter 3 explores professional substitution of doctors with physiotherapists in more detail 

through a systematic review of its impact in the management of musculoskeletal disorders.  

Chapter 4 details the methodology for the research that follows in the thesis, including the 

randomised controlled trial, inter-rater reliability (agreement) study and calculation of the 

economic burden of shoulder pain awaiting orthopaedic care. 

Chapter 5 provides economic context with a shoulder pain cost-of-illness study that quantifies 

the economic burden of shoulder pain referred for public orthopaedic care, by estimating its 

societal cost while waiting for orthopaedic care, and also the cost to government of care 

provision. 

Chapter 6 investigates the capacity of a physiotherapist to deliver shoulder assessment, 

investigation, injection and management decisions in comparison to an orthopaedic surgeon.  
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Chapter 7 presents an RCT and health economic analysis comparing the efficacy and cost of a 

physiotherapist providing subacromial shoulder injection, in comparison to an orthopaedic 

surgeon. 

Chapter 8 discusses the findings, limitations and future directions.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 
 

	
	
	
	

	 	

Introduction (Chapter 1) 

Background (Chapter 2) 

 

Systematic Review 
Professional substitution 

(Chapter 3) * 

Experimental studies 
 

Agreement study: physiotherapist and surgeon decision-making  

(Chapter 6) * 
 

RCT and economic analysis: physiotherapist and surgeon injection 

 (Chapter 7) * 
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Shoulder pain awaiting and 

receiving orthopaedic care 

 (Chapter 5) *
Protocol Paper 
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Discussion (Chapter 8)  
 

Figure 1-2 Structural model of the thesis 

*	denotes	published	paper	
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   Background  

 

 Introduction 

 

This chapter explains the research, clinical and service-delivery background of the thesis. The 

condition of shoulder pain is explained and its personal and economic burden outlined. A 

clinical perspective of shoulder pain (including its assessment, diagnosis and management) is 

presented to portray the management of orthopaedic shoulder care, knowledge and skills 

required to provide a professional alternative to the orthopaedic doctor. Next, the 

professional substitution model is described in the context of the service delivery challenges 

from which it emerged. Finally, the potentially transferable components of orthopaedic 

shoulder care are outlined and a framework is provided to evaluate substitution of the 

orthopaedic surgeon with a physiotherapist.  

	
 Shoulder pain definition and prevalence 

	
“Shoulder pain” can describe any pain that an individual perceives to be in their shoulder. 

However, the utility of this broad description is limited by its disregard for causation; there 

are many potential causes of pain in the shoulder including systemic diseases such as 

rheumatoid arthritis, neuro-physiologically mediated pain states, referral from the spine or 

the viscera including the heart and gallbladder (Gray, 2012).  The orthopaedic focus is upon 

shoulder pain that originates from the shoulder itself, thus an anatomically based definition 

is most appropriate in this thesis: 

 

“Shoulder pain arises in or around the shoulder from its joints and surrounding soft 

tissues. Joints include the glenohumeral, acromioclavicular, and 

sternoclavicular.”(Murphy et al., 2010)  

 

This definition presents shoulder pain in a musculoskeletal context, amongst the large entity 

know as musculoskeletal disorders (MSD). MSD are heterogeneous yet united by origin in 

musculoskeletal system, inducement of pain and impaired function (Woolf et al., 2003). 

Shoulder pain reduces physical, social and emotional function (Piitulainen, 2012), yet pain is 
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the usual reason for presentation to a health professional (Murphy et al., 2010). MSD are the 

second largest cause of global disability, accounting for 21.3% of years lost to disability 

(Murray et al., 2013; Vos et al., 2012). Shoulder pain ranks third (16%) most frequent cause 

of musculoskeletal pain in the UK (Parsons et al., 2007; Urwin et al., 1998), second (21%) in 

the Netherlands on point prevalence (Picavet et al., 2003), and along with back pain is the 

most frequent MSD in New Zealand (Taylor, 2005). It can occur at any age but is most 

prevalent from 45-64 years (Parsons et al., 2007).  

 

 The Burden of shoulder pain 

  

 Measurement  

 

Measurement of disease burden encompasses mortality (death), morbidity (disability) and 

economics. Figure 2-1 summarises components relevant to shoulder pain. Direct costs include 

fees for consultations, investigations, medicines and procedures, also transportation and 

modifications around the home (Lubeck, 2003). Indirect costs include loss of productivity at 

work or around the home and impact upon others (Lubeck, 2003; Phillips, 2006). Productivity 

loss includes both absence and reduced productivity while at work (presenteeism) (Tang et 

al., 2011).  
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Figure 2-1 Overview of the measurement of the burden of shoulder pain 

 

Work absence is normally valued by the ‘Human Capital Approach’, which uses an employee 

perspective by calculating the product of lost work time and the pay rate (Drummond, 2005). 

The alternative ‘Friction Cost Method’ takes an employer perspective and only considers 

hours lost until replaced by another employee, with the friction period dependent upon the 

wider unemployment level (Koopmanschap et al., 1995; Phillips, 2006; van den Hout, 2010). 

Absentee data may be gained from employer or medical records (Virta et al., 2012), or by 

patient reporting which has high correlation with employer records (Ferrie et al., 2005; 

Kessler et al., 2003).  Presenteeism is measured with patient-reported questionnaires and 

valued as a proportion of normal productivity (Tang et al., 2011). Disease can also interrupt 

unpaid work such as volunteering or home duties, which is more difficult to value as the 
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human capital approach is prone to underestimation, for example in part-time workers or 

retirees, and willingness-to-pay methods can be complex and time consuming (Lubeck, 2003). 

 

 The personal burden of shoulder pain 

 

The wide-reaching and significant impact of shoulder pain upon the lives of individuals is well 

documented. Patients in primary care report disability scores of 45% and pain scores of 58% 

on the Shoulder Pain and Disability Index (SPADI) (Ostör et al., 2005), with health utility scores 

of 0.45 to 0.51 (with 0 representing death and 1 representing perfect health) derived from 

the EuroQol (EQ-5D-3L) (McKenna et al., 2009). In an orthopaedic setting, quality of life 

deficits span physical, social and psychological domains of the Short-Form 36 Health Survey, 

where self-reported physical deficits correlate with poorer SF36 scores across all domains 

(Piitulainen, 2012; Smith et al., 2000). Patients commonly report disturbed sleep, irritability, 

reduced participation in home activities and sport (Croft et al., 1996). A variety of emotional 

and depressive thoughts have been reported on the Common Mental Disorders Screening 

Questionnaire (Bilberg et al., 2014). Workers with shoulder pain have reduced quality of life 

(Bodin et al., 2014), reduced ability and high absence (Kuijpers et al., 2006; Virta et al., 2012). 

Furthermore, all deficits can be long lasting as recovery from shoulder pain is variable and 

chronicity common; at six months only 21%, and at 18 months 49% of patients report 

complete recovery (Croft et al., 1996).  

 

 The economic burden of shoulder pain 

	
The economic burden of shoulder pain is not well understood. A Swedish primary care study 

of 204 participants reported a mean annual cost per episode of €4139 (Virta et al., 2012). A 

Dutch study of 587 participants calculated a mean cost of €689 over 6 months (Kuijpers et al., 

2006). In both absenteeism was the major cost (84% and 50%; Swedish and Dutch 

respectively). Methodological differences likely explain the large variation in results as the 

Dutch study used the friction cost method and therefore assigned a lower value (than the 

Swedish study which used the human capital approach) to absence beyond the 123-day 

friction period. Direct healthcare costs were also lower in the Dutch study. A South Korean 

study reported per case annual care costs of US$176 for capsulitis, US$483 for subacromial 
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pain and US$968 for rotator cuff syndrome (Joo et al., 2017). The economic burden of 

shoulder pain has not been reported specifically in patients awaiting or receiving orthopaedic 

care and despite presenteeism accounting for greater productivity loss than absenteeism in 

computer workers with combined neck and shoulder problems (van den Heuvel et al., 2007), 

the impact of presenteeism in shoulder pain is unknown.  

 

 The clinical management of shoulder pain 

	
Non-surgical orthopaedic shoulder management involves assessment, investigation, 

diagnosis, treatment decisions, selection of cases for surgery, referral to other professionals, 

referral for and / or delivery of injections. These tasks represent potential roles a 

physiotherapist could perform.   

 

 Functional anatomy  

	
With greater mobility than any other joint, the shoulder (Figure 2-2) balances stability with 

mobility (Cadet, 2010; Peat, 1986). Its functional anatomy underpins our understanding of 

biomechanics, pathology, diagnosis and treatment.  

	
Figure 2-2 Bones and ligaments of the shoulder (Gray’s Anatomy) 
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In the main joint (glenohumeral joint) the humeral head articulates with a relatively small and 

shallow glenoid, permitting mobility at the expense of stability (Omoumi et al., 2011). A 

fibrocartilaginous labrum lines the glenoid rim and increases stability by deepening the socket 

(Menge et al., 2014; Peat, 1986). The acromioclavicular joint permits gliding of the acromion 

to maintain optimal glenoid orientation in overhead elevation (Peat, 1986). Its stability is 

derived from capsular ligaments and an intra-articular fibrocartilaginous disc that improves 

bony congruency (Menge et al., 2014). The tendon of the long head of biceps is both intra-

articular and extra-synovial and has both active and passive stabilizing roles (Barber et al., 

2007).  

 

The subacromial space (Figure 2-3) is superiorly bordered by acromion, coracoacromial 

ligament and the coracoid, with the humeral head and greater tuberosity comprising the 

floor. The greater tuberosity moves closer to the acromion, narrowing the space as the arm 

elevates (Lewis, 2009). Inside are the rotator cuff tendons, tendon of the long head of biceps 

and the subacromial bursa which, like the glenohumeral joint capsule contains synovial fluid. 

The bursa normally facilitates movement but is susceptible to impingement (Bigliani et al., 

1997).  

 

	
Figure 2-3 Shoulder and subacromial space with bursa 
(National Institute Of Arthritis And Musculoskeletal And Skin Diseases (NIAMS)) 
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The main role of the rotator cuff (comprising the muscles of supraspinatus superiorly, 

subscapularis anteriorly and the teres minor with infraspinatus posteriorly) is to dynamically 

stabilize the glenohumeral joint (Peat, 1986). The tendons blend with the capsular ligaments 

and function as a group (Lewis, 2009) as they glide between the synovial cavities of 

glenohumeral joint and the subacromial bursa (Figure 2-3). The scapula glides along the chest 

wall in elevation to improve glenohumeral stability by angling the glenoid upward. 

Synchronous movement of the scapula reduces compression of subacromial structures by 

clearing the acromion as the greater tuberosity elevates (Peat, 1986). The scapula also forms 

the base for the rotator cuff musculature (Kibler, 1998; Kibler et al., 2009). 

 

 The utility and complexity of diagnosis  

	
Diagnosis distinguishes different conditions that present with similar symptoms and applies 

labels with the aim of facilitating optimal treatment selection (Schellingerhout et al., 2008). 

Shoulder pain of non-musculoskeletal origin is identified through a combination of history 

taking, investigations and physical examination (Mitchell et al., 2005). Orthopaedic diagnoses 

include patho-anatomical and descriptive labels such as tendonosis, tendon tears, bursitis, 

impingement, instability, osteoarthritis and capsulitis (Surgeons, 2010), supported by 

radiological investigations such as X-Ray, magnetic resonance imaging (MRI) and blood tests 

(Lewis, 2009).  

 

 Common diagnoses in shoulder pain 

 

Subacromial impingement syndrome (SIS) or subacromial pain syndrome, is the most 

frequent cause of shoulder pain (Lewis et al., 2001). It normally produces anterior-lateral-

superior shoulder pain and is responsible for up to 68% of shoulder problems (Carter et al., 

2011). It may encompass a variety of pathological factors: causes intrinsic to the subacromial 

space include bursitis, rotator cuff tendinopathy (including calcific deposits) or tears, causes 

extrinsic to the subacromial space include acromial morphology (such a rounded acromion), 

subtle glenohumeral instability in which the humeral head is dynamically elevated (Lewis et 

al., 2001), degenerative change of the acromioclavicular joint with inferior joint thickening 
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or ostephytes, thickening of the coracoacromial ligament (Bigliani et al., 1997), restriction in 

the glenohumeral capsule, asynchronous movement of the scapula (Kolk et al., 2016) and 

poor cervicothoracic posture (Lewis et al., 2001). In this thesis rotator cuff tears are 

considered within SIS.  

 

Osteoarthritis (OA) in the glenohumeral joint most commonly occurs over age 60 and is 

characterized by pain, crepitus and restricted movement, particularly external rotation 

(Mitchell et al., 2005). OA at the acromioclavicular joint is common (Menge et al., 2014) with 

pain normally felt on top of the shoulder and tenderness on palpation (Mitchell et al., 2005). 

 

Instability of the glenohumeral joint can be anterior, posterior or multidirectional, resulting 

in subluxation or dislocation and is generally identified by the clinical history and physical 

tests (Bak et al., 2010). Subtle instability can lead to excessive humeral head elevation in 

dynamic activities, predisposing to SIS (Lewis et al., 2001). 

 

Adhesive capsulitis (frozen shoulder) is a restrictive process within the capsule, diagnosed by 

its characteristic pattern of pain with restriction of passive movement (Hand et al., 2007). It 

often recovers over a three-year period and is most common in the 40-65 age group (Mitchell 

et al., 2005). It is thought to be a separate pathological process to other common shoulder 

disorders, involving inflammatory changes characterised by proliferative fibroblastic activity 

(Bunker et al., 1995). Whilst autoimmune in nature (Hand et al., 2007), it often presents as 

an isolated shoulder problem and is commonly encountered in orthopaedic settings. 

 

Tendinopathy or subluxation of the long head of biceps is characterised by pain and 

tenderness anteriorly over the bicipital groove. Relief with injection of local anaesthetic into 

the sheath can aid diagnosis (Barber et al., 2007).  

 

Glenoid labrum tears can cause pain, clicking and catching, more commonly in younger 

sporting populations. MRI has been reported to provide greater sensitivity and specificity in 

their detection than clinical tests (Stetson et al., 2002). 
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 Pain generation, the rotator cuff and subacromial bursa 

 

Poor correlation between symptoms and radiological signs has challenged the traditional view 

about the importance of rotator cuff pathology in shoulder pain. Asymptomatic rotator cuff 

tears have been reported with a range of 5-34% (Moosmayer et al., 2010). Their prevalence 

increases with age and overall 17% of subjects without pain have a cuff tear (Yamamoto et 

al., 2010). Furthermore, tear size on MRI does not correlate with pain levels (Dunn et al., 

2014). The prevailing contemporary theory is that the subacromial bursa rather than the 

rotator cuff, is the main pain source (Lewis, 2009). The bursa is heavily innervated (Tomita et 

al., 1997), it contains a variety of inflammatory cytokines and nociceptive agents in SIS 

including substance P (Gotoh et al., 1998), interleukins (Blaine et al., 2005; Gotoh et al., 2001), 

metalloproteases and cyclooxygenases (Blaine et al., 2005), and their levels correlate 

significantly with the degree of pain, providing theoretical support for bursal injection of anti-

inflammatory agents as a treatment (Gotoh et al., 2001). In contrast, the histopathology of 

the rotator cuff is predominately degenerative rather than inflammatory or pro-nociceptive 

in nature (Khan et al., 1999). Furthermore, bursectomy alone is equally as effective as 

acromioplasty and bursectomy combination surgery, further implicating the bursa as the key 

pain generator (Henkus et al., 2009).  

 

 Pain processing, psychological and social factors  

 

Differences in the processing of nociceptive input may explain why some individuals 

experience higher levels of shoulder pain without radiological explanation. Central 

sensitization involves neuroplasticity causing an amplified pain experience (Sanchis et al., 

2015), observed in musculoskeletal disorders, fibromyalgia, headaches, dental and visceral 

conditions (Woolf, 2011). Quantitative sensory testing (QST) involving pressure, cold and heat 

pain thresholds measure central sensitization in research settings but are not normally used 

in clinical settings. In some patients with shoulder pain hypersensitivity, allodynia, altered 

processing of pain in the central nervous system (CNS) and dysfunction of descending 

inhibitory neural pathways (Noten et al., 2017; Sanchis et al., 2015; Woolf, 2011) have been 

reported. However due to limited investigation and contradictory association with post-
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surgical outcomes (Gwilym et al., 2011; Valencia et al., 2014), the impact of adverse QST in 

treatment is presently unclear.  

 

Psychosocial factors have also been linked to musculoskeletal conditions including shoulder 

pain. Distress is associated with higher levels of pain and greater disability (Potter et al., 2014), 

depression and catastrophizing have been associated with greater levels of disability and less 

impression of change following conservative shoulder treatment.  Social factors including 

language fluency and lower education levels have been associated with higher shoulder 

disability (Wolfensberger et al., 2016), while unemployment, lower expectations of treatment 

success and lower pain self-efficacy have been associated with poorer physiotherapy 

treatment outcomes (Chester et al., 2016).  Despite these associations, the role of treatment 

interventions that aim to target psychosocial factors has not been established.  

 

 Physical tests 

 

Physical tests are a key component of orthopaedic shoulder assessment. They aim to isolate 

a pain source through the application of mechanical stress to specific structures. However 

they influence a variety of structures resulting in generally high sensitivity (reproduction of 

shoulder pain) but low specificity (Lewis, 2009). Applied in isolation, physical tests of the 

shoulder have only moderate validity and may have insufficient inter-rater reliability to 

support pathoanatomical diagnosis (May et al., 2010). However, combinations of tests have 

greater clinical utility. Diagnosis of SIS through a combination of four positive physical tests is 

associated with 80% reduction in pain intensity from subacromial bursal diagnostic block 

using local anaesthetic (Cadogan et al., 2012), while the use of patient reported 

questionnaires and demographics (without physical tests) failed to predict response to similar 

intervention (Contreras et al., 2013). Three or more positive tests out of five (Neer’s 

Impingement Test, Hawkins-Kennedy, Empty Can or Jobe, Painful arc, External rotation 

resistance test) helps confirm a diagnosis of SIS and fewer than three helps rule out SIS 

compared to intra-operative findings (Michener et al., 2009).  Furthermore, a diagnostic 

classification system combining clinical history with a variety of physical tests, established 

good inter-rater reliability (80% agreement, kappa 0.664) (Carter et al., 2011). Therefore, SIS 

should be diagnosed using a combination of clinical history and physical tests which include 
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the Hawkins-Kennedy test, painful arc test and rotator cuff strength tests (Diercks et al., 

2014).  

 

 Treatment   

 

Shoulder pain often has many treatment options. Rarely does a specific evidence-based 

treatment regime ensue from diagnosis. Consequently, a key function of orthopaedic 

consultation is the decision-making process that oversees care, to best match available 

treatments with each individual patient.  

 

 Treatment of subacromial impingement  

 

SIS should normally be treated non-surgically (Diercks et al., 2014). Physiotherapy involving 

manual therapy and exercise for the rotator cuff and scapular musculature is as effective as 

surgery and better than no treatment or placebo in the short, medium and long-term  (Haahr 

et al., 2006; Haahr et al., 2005; Haik et al., 2016; Ketola et al., 2009; Ketola et al., 2013) Yet 

surgery has an important role for some individuals, as 25% of SIS with full thickness rotator 

cuff tears treated with physiotherapy, opt for surgery within 2 years (Kuhn et al., 2013).  

 

Non-surgical care should involve a combination of exercise, manual therapy and subacromial 

corticosteroid injection (Diercks et al., 2014; Steuri et al., 2017). Exercise is effective (Diercks 

et al., 2014; Ellenbecker et al., 2010; Green et al., 2003; Haik et al., 2016; Kuhn, 2009; Steuri 

et al., 2017), particularly when combined with manual therapy (Ellenbecker et al., 2010; 

Green et al., 2003; Kuhn, 2009) and specific exercises for the rotator cuff and scapula 

(Holmgren et al., 2012; Struyf et al., 2013). Exercise combined with subacromial corticosteroid 

injection is better than exercise alone up to six weeks but the same by 12 weeks and 

approximately 30% of patients treated with only physiotherapy will have insufficient 

improvement and therefore also seek injection (Crawshaw et al., 2010). In cases of calcific 

deposition in the rotator cuff tendons, extracorporeal shock wave is more effective than 

exercise alone (Kvalvaag et al., 2017). Needling of calcium deposits and corticosteroid 

injection are also recommended in these cases (Diercks et al., 2014; Merolla et al., 2016). Oral 

non-steroidal anti-inflammatory medication appears to be more effective for pain than 
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placebo but only in the first two weeks (Diercks et al., 2014). Passive modalities including 

ultrasound, acupuncture, immobilization, laser and short-wave diathermy lack efficacy and 

are not recommended (Diercks et al., 2014; Green et al., 2003; Haik et al., 2016).  

 

Surgery for SIS most commonly involves subacromial decompression, performed openly or 

arthroscopically (Chaudhury et al., 2010), however bursectomy alone may provide the same 

outcomes (Diercks et al., 2014). Surgical repair of the rotator cuff may also be appropriate but 

a lack of evidence undermines conclusions about the effectiveness or safety (Coghlan et al., 

2008). Rotator cuff repair is cost effective after failure of conservative management in 

patients aged less than 62 (Mather et al., 2013). Surgery, or consideration thereof, is 

appropriate when symptoms persist despite appropriate non-surgical care (Diercks et al., 

2014; Robb et al., 2009; Scott et al., 2013), or in acute traumatic cuff tear when earlier surgical 

repair may be warranted (Scott et al., 2013). There is no indication for surgery in patients with 

asymptomatic rotator cuff tears (Diercks et al., 2014) and surgical outcomes are worse in 

patients with little pathology reported on ultrasound scan (Tran et al., 2017).  

 

 Subacromial corticosteroid injection 

 

Corticosteroid injection delivered to the subacromial space and bursa is recommended for SIS 

alongside physiotherapy when symptoms are persistent or recurrent (Diercks et al., 2014). It 

has reported effectiveness for up to nine months (Arroll et al., 2005) and a high success rate 

with 83% of patients reporting partial or complete relief six-months post injection (Hambly et 

al., 2007). Combined with exercise it is more cost effective than physiotherapy alone (Jowett 

et al., 2013) and in primary care, injection is more cost effective than ten 30-minute sessions 

of acupuncture and exercises at one year (Johansson et al., 2011) or physiotherapy at six 

months (James et al., 2005).  

 

Corticosteroids are a glucocorticoid with anti-inflammatory and pain modulating effects 

(Ekeberg et al., 2009), also known to block transmission in nociceptive unmyelinated C fibres 

(Johansson et al., 1990). While their injection poses a theoretical risk to tendon integrity, the 

evidence does not indicate adverse outcomes in humans. Contradictory results in rat studies 

have shown tendon weakness post injection (Maman et al., 2016) but also an absence of any 
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lasting deficit (Lee et al., 2015). In-vitro studies of tendon cells generally show reduced 

collagen synthesis and cell proliferation in the presence of glucocorticoids (Dean et al., 2014), 

however the relevance of this to humans with SIS is unclear for several reasons. There is a 

lack of in-vivo human research; a recent review identified only two in-vivo human studies (out 

of 49 reviewed studies), one of which investigated the calcaneal tendons of amputated legs 

(Lee et al., 1975). The other reported increased expression of the P53 genetic cell regulation 

cycle (which can be associated with the arrest of cell activity) with in-vivo samples of the 

rotator cuff in five participants taken seven-weeks post subacromial corticosteroid injection 

(Poulsen et al., 2014). Whilst this early finding warrants further investigation, cognisance of 

its uncertain relevance is paramount due to the disconnect between rotator cuff integrity and 

shoulder pain (Dunn et al., 2014; Moosmayer et al., 2010; Yamamoto et al., 2010). This fact 

was highlighted in a recent study in which 17% of participants with pre-existing rotator cuff 

tendon pathology developed a full thickness cuff tear 12-weeks post subacromial 

corticosteroid injection, yet symptoms were simultaneously significantly improved by the 

injection (Ramírez et al., 2014).  

 

In practise corticosteroid is normally mixed in the same syringe with short acting local 

anaesthetic agents. The outcomes from subacromial injection are similar with high or low 

doses, consequently a lower dose is recommended (Hong et al., 2011). There is no advantage 

in terms of pain, function, movement or safety with ultrasound-guided over unguided 

injections to the subacromial space but ultrasound guidance is more expensive (Bloom et al., 

2012). Injection can be performed with an anterior, lateral or posterior approach with respect 

to the acromion. Conflicting results comparing the accuracy of the different approaches (Kang 

et al., 2008; Marder et al., 2012) suggest the best approach may depend upon the preference 

of the operator.  

 
 Treatment of other common shoulder pain diagnoses 

 

Orthopaedic consultation must also identify and manage non-subacromial impingement 

diagnoses. A variety of surgical and conservative treatment options are available, with some 

evidence supporting treatment tailored to individual diagnoses. In adhesive capsulitis a non-

surgical wait-and-see approach is common with intra-articular corticosteroid injection shown 
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to be beneficial (Buchbinder et al., 2003; Robb et al., 2009) followed by supervised exercise 

when the pain has settled (Robb et al., 2009). Oral steroids (Buchbinder et al., 2006) and 

arthrographic distension (hydrodilatation) (Buchbinder et al., 2008) also provide short to 

medium term benefit. In contrast, for shoulder pain caused by instability and particularly in 

the presence of recurrent dislocation, surgical stabilization should be considered early or 

alongside therapy (Robb et al., 2009). In the elderly population with OA, arthroplasty for 

glenohumeral OA is increasing despite a limited evidence base; according to a Cochrane 

review of surgery for osteoarthritis, no studies compared shoulder surgery to sham surgery, 

non-surgical modalities or placebo but total shoulder arthroplasty seems to offer an 

advantage in terms of shoulder function, with no other clinical benefits over hemiarthroplasty 

(Singh et al., 2010). Acromio-clavicular joint pain is most often degenerative in nature and 

treated with rest, corticosteroid injection (Mitchell et al., 2005) physiotherapy or surgery, 

however due to a lack of high quality research there is little evidence to support any particular 

treatment modality (Chaudhury et al., 2017).  

 

 Healthcare access and delivery 

	
 Demand for care and orthopaedic referral  

 

Australia has a gatekeeper model whereby the General Practitioner (GP) controls referral to 

specialists. This is generally considered cheaper (Schwenkglenks et al., 2006; Yelin et al., 2001) 

than allowing the public direct access to specialists (Reibling, 2010).  Shoulder pain presents 

to primary care at a rate of 9.5 - 11 per 1000 consultations (Ostör et al., 2005; Tekavec et al., 

2012; van der Windt et al., 1995) and the usual care pathway is GP management, possible 

referral to physiotherapy (Dorrestijn et al., 2011; Linsell et al., 2006) and possible specialist 

referral (most commonly to orthopaedics), which has been reported at rates of 16% in the 

Netherlands (Dorrestijn et al., 2011) and 6% in the UK (Linsell et al., 2006). The rate at which 

GPs refer shoulder pain to orthopaedics in Australia is unknown but GP management of 

shoulder pain in Australia has been reported as highly variable in quality and highly reliant 

upon specialist referral (Buchbinder et al., 2013).  
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 Access to orthopaedics and waiting lists 

 

Demand for public orthopaedic care outstrips supply, creating long waiting periods to see 

public orthopaedic surgeons (Curtis et al., 2010). To help manage this, in Australia referrals 

are categorised according to perceived urgency; category one should not wait longer than 30 

days, category two 90 days and category three 365 days. Yet the impact of normalizing waiting 

periods of up to one year is unknown, many individuals wait longer than these recommended 

periods (Queensland Government Queensland Health, 2017) and precise waiting times are 

unclear because individual hospitals generally do not publish condition-specific data and the 

Australian National Outpatient Care Database does not report waiting times (Australian 

Institute of Health and Welfare, 2013). As most shoulder pain should be managed non-

surgically and the rate at which orthopaedic shoulder patients convert to surgery is unknown, 

the societal gain received from the large investment in orthopaedic resource and patient’s 

time is unclear. Furthermore, demand is predicted to increase as the population ages (Murray 

et al., 2013; Productivity Commission, 2011) and arthritis prevalence rises (Iorio et al., 2008), 

placing further pressure on this already strained system. Consequently, a more efficient 

model of care is needed. 

 

 Professional substitution  

	
 Definition and utility of professional substitution 

 

The transfer of duties from doctors to non-medically trained professionals is a common 

innovation aiming to reduce waiting lists and improve access to care. This is known as 

professional substitution and defined as the transfer of duties normally performed by one 

profession, to another profession (Laurant et al., 2004). The intention is to reduce costs, 

address workforce shortages and delegate care down the chain to improve overall efficiency 

(Brooks et al., 2008; Laurant et al., 2004). This practice is now common in many areas; 

physician assistants in the USA provide a variety of medical tasks alongside or instead of 

medical physicians (Brooks et al., 2008), nurse practitioners (nurses with an expanded scope 

of practice) are established in the USA, UK, Canada and Australia and have demonstrated 

comparable quality and cost to usual GP care in primary care settings (Laurant et al., 2004).  
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Physiotherapy is the dominant group providing professional substitution of doctors in the 

management of musculoskeletal disorders, including shoulder pain, in orthopaedic settings 

(Department of Health, 2006; Desmeules et al., 2012; Joseph et al., 2014; Stanhope et al., 

2012). The increasing popularity of this practice has prompted the emergence of new role 

descriptions for physiotherapists involving advanced and extended scope physiotherapy 

practice. Advanced practice is a form of role extension, which occurs within defined 

professional scope but normally requires additional training. Triage of orthopaedic referrals 

is a common example. Extended scope practice differs as it is beyond the usual scope of the 

profession and requires legislative approval (Australian Physiotherapy Association, 2009). 

Prescribing of medicines by physiotherapists is an example. Professional substitution can 

occur with or without advanced or extended scope physiotherapy roles, however they are 

often associated.  

 

 Professional substitution in orthopaedic shoulder care 

 

Professional substitution of orthopaedic doctors with physiotherapists may aid the efficient 

management of shoulder pain in several ways. As most shoulder pain should be managed 

without surgery and often with physiotherapy (Diercks et al., 2014), physiotherapists can 

seamlessly transition patients from orthopaedic assessment, into treatment. Physiotherapists 

may be able to increase service capacity effectively and cost-efficiently. This requires further 

investigation and is the subject of this thesis. It could free up orthopaedic surgeons’ time, for 

delivery of surgery  

 

A physiotherapist can potentially provide a professional substitute for the key non-surgical 

aspects of orthopaedic shoulder care. These are: 

• Assessment  

• Investigation including medical imaging and blood tests 

• Diagnosis 

• Treatment and referral decisions  

• Referral for, or delivery of, injection procedures 
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Presently there is large variability in the use of physiotherapists. All of these duties are 

available to some physiotherapists in the UK but are used to variable extents in services across 

the UK (Department of Health, 2009; UK Government, 2013). Inconsistency with respect to 

physiotherapist referral pathways, autonomy and medical supervision, access to 

investigations and procedures (Saxon RL, 2014) and access to medicines (Cope et al., 2016) 

exists internationally. The legislation, funding and professional rules governing physiotherapy 

practice influence the practice of professional substitution. In Australia, some orthopaedic 

services include physiotherapists for assessment, treatment and management decisions 

(Comans et al., 2014). In the UK physiotherapists with additional training can prescribe 

medicines (Department of Health, 2009; UK Government, 2013) and deliver corticosteroid 

injections but these practices are beyond the legislative scope of physiotherapists elsewhere 

(Cope et al., 2016). Consequently, a key non-surgical treatment strategy (corticosteroid 

injection) cannot presently be delivered by physiotherapists in Australia. Physiotherapist 

access to investigations is a further source of variation. For example, in Australian public 

hospitals, physiotherapists cannot sign MRI requests because the national public health 

funding system (Medicare) requires a medical consultant’s signature. This limits the ability of 

physiotherapists to deliver care independently in Australian hospital orthopaedic settings. In 

contrast, physiotherapists in the UK are not limited in this way. 

 

 The evidence for professional substitution 

 

Despite its popularity, there is vast variability in processes and limited evidence of the impact 

of professional substitution of doctors with physiotherapists in the management of shoulder 

pain, or in musculoskeletal disorders more widely. Two systematic reviews of advanced and 

extended scope physiotherapy (Stanhope, Desmeules 2012) and one of musculoskeletal 

triage systems (Joseph 2014) included predominantly observational case series and quasi-

experimental designs of low quality, and indicated that physiotherapy may be equal or better 

than usual medical care in effectiveness, cost and patient satisfaction. Yet inferences 

regarding the value of physiotherapists relative to usual medical care lack validity due to a 

lack of direct comparison between physiotherapy and usual medical care in the studies 

reviewed.  
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In shoulder pain populations specifically, there is some evidence of good diagnostic 

agreement between physiotherapists and orthopaedic surgeons (Aiken & McColl, 2008; 

Razmjou et al., 2013) but the impact upon treatment recommendations, care processes, 

outcomes, and costs from professional substitution with a physiotherapist, have not been 

reported. Physiotherapists have safely delivered corticosteroid injection to the shoulder 

under medical supervision (Hockin et al., 1994) and independently in observational case 

series which lacked comparison with doctors (Hattam et al., 1999; Resteghini, 2003). 

Consequently, the impact of physiotherapists injecting shoulders in comparison to usual care, 

remains unclear.  

 

Therefore, despite the popularity of care pathways in which patients are seen by 

physiotherapists instead of orthopaedic doctors, the efficacy and economic impact of 

substituting doctors with physiotherapists in the management of shoulder pain remains 

unclear. The specific duties that might more efficiently be delivered by a physiotherapist and 

the efficient level of physiotherapist autonomy is not apparent from the literature to date. 

With sparse evidence to guide service design, well-meaning service providers seeking to 

improve access for patients have expanded the role of physiotherapists’ in a haphazard 

manner. Consequently, care and delivery models now vary between services, while persistent 

waiting periods for care suggest efficiency remains questionable.  

 

 Evaluation of professional substitution  

 

There is no systematic framework for the evaluation of professional substitution. Various 

aspects of the implementation of musculoskeletal models of care have been investigated 

(Briggs et al., 2016 a; Briggs et al., 2016 b; Briggs et al., 2017; Briggs et al., 2015; Briggs et al., 

2014) and a principle-based process-change guide developed (Briggs AM, 2016) but this is not 

directly applicable to this thesis because it is aimed at the implementation of a new model of 

care at a regional or national level. This thesis does not aim to investigate the process of 

implementing a new model of care. Rather, it investigates the health economic impact of 

substituting a doctor with a physiotherapist, to determine whether (and with what scope) this 

practice should be undertaken within contemporary models of orthopaedic shoulder care. If 

this form of professional substitution has merit, then depending upon the jurisdiction further 
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clarification of training, accreditation and funding structures may be needed prior to its 

widespread implementation.  

 

Health economic evaluation compares alternative disease management options (in this case 

care provision by a physiotherapist compared to an orthopaedic surgeon), in terms of both 

their costs and consequences (Drummond, 2005). Quality-adjusted life years (QALYs), defined 

as the product of the quantity and quality of life (derived from health-related quality of life 

measures), provide a summary metric used to compare illnesses and interventions (National 

Collaborating Centre for Infectious Diseases, 2105). Cost minimization analysis requires the 

consequences of the interventions to be equal and the costs are then compared. Cost benefit 

analysis expresses consequences in monetary units to establish the least costly alternative. 

Cost effectiveness analysis and cost utility analysis are the same but the latter measures 

consequences in QALYs. Both compare costs and consequences to generate an incremental 

cost effectiveness ratio (ICER) via the formula (Cost A — Cost B) / (QALY A— QALY B), where 

A and B are the interventions being compared (Drummond, 2005; Husereau et al., 2013). The 

ICER provides a monetary value for the delivery of an additional QALY, so health funders (such 

as governments) may make informed funding decisions. In Australia the usual willingness to 

pay (WTP) threshold is estimated at $50,000 per QALY (Shiroiwa et al., 2010).  

 

Studies that have compared the outcomes of care delivered by doctors and physiotherapists, 

have evaluated a variety of different outcome measures. Consistent themes of safety, patient 

outcomes, care processes and costs have featured in professional substitution and advancing 

non-medical practice policy development in the UK (Department of Health, 2009; Health, 

2008), a Cochrane review of professional substitution by nurses (Laurant et al., 2004), 

paramedic models (Finn et al., 2013) and non-medical prescribing pharmacist evaluation 

(Hale et al., 2012).  Therefore, safety, efficacy of care and professional decisions, cost 

(including the cost of care delivery and the resource implications of decisions made) and 

patient satisfaction are used in this thesis to evaluate professional substitution of doctors with 

physiotherapists in the management of shoulder pain. This is depicted graphically in Figure 

2-4. 
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Figure 2-4 Evaluation of the professional substitution of the orthopaedic doctor with a 
physiotherapist in the management of shoulder pain 

	
	

 Research Objective 

	
To investigate the health economic impact of substituting an orthopaedic surgeon with a 

physiotherapist in the management of shoulder pain and determine the optimal role of 

physiotherapists in the efficient care of patients referred to orthopaedics for shoulder pain. 

 

 Research Aims 

	
1. Synthesise the evidence for the substitution of doctors with physiotherapists in the 

management of musculoskeletal conditions including shoulder pain 

 

2. Quantify the economic burden of shoulder pain referred for orthopaedic care in an 

Australian hospital 

 

3. Evaluate the impact of substituting an orthopaedic surgeon with a physiotherapist in 

relation to the assessment, management and injection decisions for shoulder pain 

 

4. Evaluate the impact of substituting an orthopaedic surgeon with a physiotherapist for the 

delivery of subacromial corticosteroid injection 
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   Literature Review  

 

 Introduction 

	
This chapter contributes to the thesis with a systematic review of professional substitution in 

the management of musculoskeletal disorders, including shoulder pain. Unlike previous 

reviews in this field (which have been limited by their inclusion of single group case-series and 

quasi-experimental pre-post designs), all studies included in this review have directly 

compared physiotherapists with doctors, permitting analysis of outcomes attributable to 

each profession and conclusions about the impact of professional substitution.  

 

For consistency within the thesis, this review is presented with minor alterations from its 

published form: 

 

Marks D, Comans T, Bisset L, Scuffham PA: Substitution of doctors with physiotherapists in 

the management of common musculoskeletal disorders: a systematic review. Physiotherapy 

2017, 103(4):341-351. 

 

 

 

 

 

  



	

	 26	

STATEMENT OF CONTRIBUTION TO CO-AUTHORED PUBLISHED PAPER 
 
 
This chapter includes a co-authored paper. The bibliographic details of the  

co-authored paper, including all authors, are:  

 

 

Darryn Marks, Tracy Comans, Leanne Bisset and Paul A Scuffham: Substitution of doctors 
with physiotherapists in the management of common musculoskeletal disorders: a 
systematic review. Physiotherapy 2017, 103(4):341-351. 

 

 

My contribution to this paper involved: conception, lead role in collaborative study design, 

systematic review registration, data collection, quality evaluation, analysis and 

interpretation, manuscript preparation, critical review and approval. 

 

 

 

 

 

(Signed) ___ _________________ (Date)  20 January 2019 

Name of Student: Darryn Marks 

 

 

 

 

(Countersigned) __ _____________ (Date)  20 January 2019 

Corresponding author of paper: Darryn Marks 

 

 

 

 

(Countersigned) __ _____ (Date)  20 January 2019 

Supervisor: Prof Paul Scuffham 

	
 

 

  



	

	 27	

 Abstract 

	
Background: There is large variation in models-of-care involving the professional substitution 

of doctors with physiotherapists.  

 

Objective: To establish the impact upon patients and health services, of substituting doctors 

with physiotherapists in the management of common musculoskeletal disorders. 

 

Data sources: Medline, CINAHL and ABI Complete databases, and hand-searching of related 

studies. 

 

Study selection: Randomised and non-randomised clinical trials, inter-rater reliability and 

comparative studies comparing the outcomes of usual care from doctors, with outcomes 

when the doctor was substituted with a physiotherapist. 

 

Study appraisal and synthesis methods: Two reviewers evaluated all studies using the Downs 

and Black Instrument. Meta-analysis was not possible due to study heterogeneity. A 

descriptive review was undertaken.   

 

Results: 14 studies of moderate to low quality met the inclusion criteria. Professional 

substitution with a physiotherapist causes no significant change to health outcomes and 

inconsistent variation in the use of healthcare resources. There is insufficient health economic 

data to determine overall efficiency. In the selected presentations studied, physiotherapists 

made similar diagnostic and management decisions to orthopaedic surgeons and patients are 

as, or more satisfied with a physiotherapist.  

 

Limitations: Further high-quality health and economic research is needed, in less selective 

patient populations, to determine the optimal role for physiotherapists.  

 

Conclusion and implications of key findings: Physiotherapists provide a professional 

alternative to doctors for musculoskeletal disorders but the health economic implications of 

this model are presently unclear.  
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Systematic review registration number: PROSPERO (Registration number CRD42015027671).  
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 Background 

	
Musculoskeletal disorders are the second largest cause of disability in developed countries 

(Murray et al., 2013; Murray et al., 2012; Vos et al., 2012). They are linked by the presence of 

pain and impaired function (Woolf et al., 2003) but as individual conditions, their 

heterogeneity dictates varied management spanning emergency settings for acute injuries, 

to dedicated rheumatology pathways for chronic inflammatory auto-immune disease 

(Malaviya, 2006). The majority of musculoskeletal disorders present to primary care as non-

urgent, non-inflammatory problems and approximately one third receive specialist referral, 

most often to orthopaedics (MacKay et al., 2010). Chronicity is common and prevalence is 

greater in the elderly. Consequently, the burden of musculoskeletal disease is predicted to 

increase as the population ages (Murray et al., 2012) and thus intensify the strain on already 

challenged public health services. 

 

A strategy aiming to address this burden, by improving access for patients (Duckett, 2005), 

reducing cost and addressing workforce shortages (Laurant et al., 2004), is the substitution of 

doctors with physiotherapists in the management of musculoskeletal disorders. Professional 

substitution is the transfer of work normally performed by one profession (in this case 

doctors), to other professionals (Laurant et al., 2004), either through the transfer of specific 

duties, or complete role substitution (Duckett, 2005). While definitions vary internationally 

advanced practice (within defined professional scope (Australian Physiotherapy Association, 

2009)) and extended scope (beyond the usual scope of the profession (Australian 

Physiotherapy Association, 2009)) physiotherapy roles can substitute for the usual doctor by 

providing musculoskeletal care that was previously the sole domain of medically trained 

doctors (Department of Health, 2006; Desmeules et al., 2012; Stanhope et al., 2012). Yet 

regardless of whether the physiotherapist is practicing within or beyond the usual scope of 

the profession, the nature of these roles and the autonomy of physiotherapists in them, can 

vary considerably (Department of Health, 2009; Stanhope et al., 2012). Furthermore, 

legislative advances such as prescribing rights for physiotherapists in the UK (Department of 

Health, 2009; UK Government, 2013) have not been replicated internationally. This variability 
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suggests uncertainty about how to most efficiently utilize physiotherapists within 

contemporary musculoskeletal healthcare delivery.  

 

In deciding whether to employ a physiotherapist to deliver aspects of care in the place of a 

doctor, health funders and service providers require intelligence about the marginal impact 

of the substituted physiotherapist; this includes evidence of the safety, efficacy and economic 

value of physiotherapist care, in comparison to that care being delivered the usual doctor. 

However, little is known about the outcomes of care from physiotherapists in comparison 

with doctors because evidence synthesis to date (Desmeules et al., 2012; Joseph et al., 2014; 

Stanhope et al., 2012) has relied predominantly upon single-group observational case-series 

and quasi-experimental pre-post designs, which lack a comparison group providing usual care 

from doctors, and do not quantify the impact of the substitute professional. Furthermore, 

these designs do not control for factors that can affect patient outcomes and are therefore 

prone to biased estimation of the impact of care delivered by substitute professionals 

(Laurant et al., 2004). Through undertaking a systematic review, this study aims to establish 

the impact upon patients and health services, of substituting doctors with physiotherapists in 

the management of common musculoskeletal disorders. This review is the first to evaluate 

the impact of substituting doctors with physiotherapists in the management of common adult 

musculoskeletal disorders, by evaluating only studies that measure the outcomes care of 

delivered by a physiotherapist compared with the usual doctor.  

 

 Methods 

	
This systematic review followed the Preferred Reporting Items for Systematic Reviews and 

Meta-analysis Guidelines (PRISMA) (Moher et al., 2009), and was prospectively registered on 

PROSPERO (Registration number CRD42015027671).  

 

 Study selection criteria 

	
Participants: Included professionals were doctors delivering usual care for the setting of the 

study, and physiotherapists. Included patients were adults presenting to general medical 

practitioners or specialist services with non-emergency and non-inflammatory 
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musculoskeletal disorders. Adult was defined by the study and adult populations were 

assumed unless paediatric patients were declared. Non-emergency included all ambulatory 

settings except the emergency department, and non-inflammatory included all populations 

not defined as inflammatory autoimmune mediated disease. 

 

Intervention: The intervention was defined as a physiotherapist acting as a substitute for the 

doctor, providing care instead of the medical practitioner who would normally manage the 

patient (Duckett, 2005; Laurant et al., 2004). Excluded as not meeting this definition were 

studies in which usual medical care is supplemented with physiotherapy (as this represents 

enhancement rather than substitution), diagnostic validation of professional decisions against 

external standards such as MRI or arthroscopy, and intervention studies designed to 

investigate the effect of an experimental treatment rather than the effect of the professional 

delivering care; this included studies in which defined management was mandated by group 

allocation and not at the discretion of a physiotherapist and a doctor.  

 

Comparison: Studies were included if they reported data comparing a substituted 

physiotherapist (intervention) with usual medical care. This included randomised and pseudo-

randomised controlled trials, decision-making agreement studies (inter-rater reliability 

studies) and comparative studies (non-randomised experimental trials, cohort studies, case-

control studies and interrupted time series), written in English and of any age were 

considered. Studies lacking a medical comparison group were excluded.  

 

Outcomes: Included outcomes were 1. Patient/health outcomes (condition specific or 

functional outcome measures, quality of life, safety, adverse events and patient satisfaction); 

2. Resource utilisation (consultation times, number of visits, re-presentation rates and 

medical device or pharmaceuticals usage rates); 3. Costs (direct or indirect); and 4. Care 

processes (professional decision making, changes to service delivery such as waiting times).  

 

 Identification of studies 

	
Medline, CINAHL and ABI Complete databases were searched electronically up to November 

2015 with terms to capture physiotherapy professional substitution, terms to capture 
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musculoskeletal disorders and terms to exclude emergency settings and inflammatory 

disorders (Appendix A contains the full electronic search). As outcomes under investigation 

include resources, costs and processes, we included ABI Complete along with the clinical 

research databases to capture any publications in economic or management publications. In 

addition to electronic searches, reference lists of studies from the electronic search, 

published reviews and policy documents were manually searched. Searches were extracted 

to Endnote 7® for removal of duplicates. Two reviewers (DM and TC) screened titles and 

available abstracts for potential inclusion. The full text of potentially relevant articles was 

independently reviewed and differences between reviewers were discussed and where 

necessary, resolved by a third reviewer (LB).  

 

 Data collection and analysis  

	
A data extraction form was constructed in Microsoft excel 2010® to extract and record study 

information and outcome measures. Based on the Cochrane Collaboration template, this 

form was designed by DM and trialled by both DM and TC. It used subheadings of general 

information, methods, participants, interventions and outcomes and added to the Cochrane 

template with specific questions pertinent to this review such as body area and qualifications 

of the professionals. Two reviewers (DM and TC) independently assessed each study for risk 

of bias, with discrepancies resolved by discussion and where necessary by a third reviewer 

(LB). For inter-rater agreement studies, Altman’s interpretation of reliability was applied to 

Kappa and raw % scores (Altman, 1991): <0.2 poor, 0.21 - 0.4 Fair, 0.41 - 0.6 Moderate, 0.61 

- 0.8 good, 0.81 – 1 very good. 

 

 Assessment of study quality and risk of bias  

	
The Downs and Black Instrument was applied to all studies (Downs et al., 1998). This is 

validated for randomised and non-randomised clinical trials and has better reliability and 

validity than other tools for studies of varied design (Deeks et al., 2003; Hootman et al., 2011). 

We used a modified version in which the final question was condensed, therefore each study 

was rated on a scale of 28 (best possible score) to zero (worst possible score). Inter-rater 

agreement studies were also assessed with the Quality Appraisal Tool for Reliability Studies 
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checklist (QAREL). This 11-item checklist reliably assesses the quality of studies of diagnostic 

reliability (Downs et al., 1998; Lucas et al., 2013; Lucas et al., 2010). Economic evaluations, 

were assessed with the Evers Checklist, a quality assessment checklist and scoring tool for 

economic analyses (Shemilt I, 2008).  

 

 Results 

	
 General description of studies 

	
Fourteen studies of mixed methodological design met the inclusion criteria (Figure 3-1). One 

study reported long term outcomes in a separate publication (Samsson et al., 2014), resulting 

in a total of fifteen included publications (summarised in Table 3-1). In eight studies (three 

randomised controlled trials, three non-randomised trials and two retrospective case 

analyses), participants were allocated to see physiotherapists or medical professionals 

(general practitioners in three studies and orthopaedic doctors of varying seniority in five 

studies). The remaining six studies were inter-rater agreement designs in which a 

physiotherapist and a consultant orthopaedic surgeon each examined the same participants, 

to compare decision-making by the two professions. Two of these also compared participant 

satisfaction ratings for each profession. Patients in three studies (Aiken et al., 2007; Kennedy 

et al., 2010; Large et al., 2014) were post-arthroplasty orthopaedic clinic patients, while all 

other studies included patients at earlier points in their management pathway, before surgical 

decisions had been made.   A wide variety of outcome measures were reported, spanning 

diverse patient groups and precluding meta-analysis.  
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Figure 3-1 Search results 

	
 

 

Databases	search
• Medline	 193
• CINAHL 115
• ABI	complete	279
Duplicates	removed	n	=	514

Additional	records	identified	from	
other	 sources

n	=	38

Title	and	abstract	assessment	
n	=	552

Full	publication	retrieved	for	
further	assessment

n	=	65 Excluded	(n	=	50	)
• 41	- observational	studies	without	a	

medical	control	group
• 2	- non-experimental	reports	
• 3	- comparison	to	an	external	standard
• 1	- supplementation	not	substitution
• 2	- intervention	studies
• 1	- duplicate	of	another	study

Remaining	publications	=	15	
Included	studies n	=	14

Excluded	(n	=	487)
• did	not	meet	criteria
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Table 3-1 Summary of included studies 

Study Type Country Clinician Description Population Summary of findings Downs & 
Black score  

Aiken & 
Harrison et 
al. 2008 
(Aiken, 
Harrison, et 
al., 2008)  

Inter-rater 
agreement 
 

Canada Orthopaedic 
Consultant, 
Physiotherapist 

Orthopaedic referrals  
Knee (n=17) 
Hip(n=22) 

Same as Consultant 
would normally see 

Management agreement: Surgery (Y/N) 100%, 
Type of non-surgical management kappa=67%. 
Physiotherapist recommended 
education/conservative in 97%, doctor in 37%. 
Surgical prioritisation category (WCWL-HKPT) 
agreed (64%) and physiotherapist graded patient 
higher surgical priority than surgeon 36%. 

15 / 28 

Aiken and 
McColl  
2008 (Aiken 
& McColl, 
2008)  

Inter-rater 
agreement 
 

Canada Orthopaedic 
Consultant, 
Physiotherapist 
trained in 
ordering 
diagnostic tests 

Orthopaedic referrals 
Knee (n=18) Shoulder 
(n=6) 

Excluded complex 
referralsa and 
masses 

Diagnosis agreement: (ICD9 codes) Knee 
kappa=80%, Shoulder 100%. Management 
agreement: (choice of 5 categories) Kappa=52% 16 / 28 

Aiken and 
Atkinson et 
al. 2007 
(Aiken et al., 
2007) 

Inter-rater 
agreement 
 

Canada Orthopaedic 
Consultant, 
Physiotherapist 

Post arthroplasty hip 
(n=40), knee (n=36) 
seen by physio and 
orthopaedic surgeon 

Eligibility criteria not 
described 

Knee: 89% of physiotherapist’s Knee Society 
Scores within 10 points of the surgeon. Hip: 90% 
of physio’s Harris hip Scores within 5 points of 
surgeon. Treatment: physiotherapist 
recommended physiotherapy treatment for 
100%, surgeon for 79%.  

12/28 

Bornhoft et 
al. 2015 
(Bornhöft et 
al., 2015) 

Retrospective 
case control 

Sweden General 
Practitioner, 
Physiotherapist 

Musculoskeletal 
initially seen by 
physiotherapist 
(n=656) or by 
GP(n=1673) at another 
clinic 

Clinic nurse excluded 
any patients with 
concerns of serious 
pathology  

Physiotherapy group: significantly younger and 
fewer comorbidities at baseline. Resources: 
Physiotherapy group significantly fewer GP visits, 
referrals, sick leave and prescriptions (p<0.001). 16 / 28 

Dakar-
White et al. 
1999 
(Daker-

Randomised 
controlled trial  

UK Orthopaedic 
sub-Consultant,  

Random allocation to 
see physiotherapist 
(n=210) or doctor 
(n=206) at 

Patients thought to 
need surgery were 
excludeda 

Patient outcomes: no differences on Disease 
Repercussion Profile, Pain VAS, Oswestry 
Disability Index, StMichael’s, WOMAC, SF36, EQ-
5D, patient satisfaction. Costs: no differences 

19 / 28 
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Study Type Country Clinician Description Population Summary of findings Downs & 
Black score  

White et al., 
1999)  

Physiotherapist 
with extended 
role 

orthopaedic clinic. 
Unblinded participants 
and assessors. Follow 
up variable (average 
5.6 months). 

(primary care or patients), higher direct hospital 
costs in doctor group due to salary and 
investigations p<0.0001. Management: 
significantly more surgical referrals by doctors 
(p=0.005) and more advice given by 
physiotherapists (p<0.001). 

Desmeules 
et al. 2013 
(Desmeules 
et al., 2013) 

Inter-rater 
agreement 
 

Canada Orthopaedic 
Consultant, 
Physiotherapist 
with advanced 
practice via a 
residency 
program 

Orthopaedic referrals 
for arthroplasty 
Knee (n=109) Hip 
(n=11) 

Excluded >2 other 
lower limb 
pathologies, or 
surgery in past 6 
months  

Diagnosis agreement: Knee 86% kappa=.87, hip 
82%. Management agreement (surgery / 
unknown conservative): Overall 88% kappa=.77. 
Physiotherapy recommended significantly more 
NSAIDS, injections, exercise, advice and 
education. Satisfaction (VSQ9) greater with 
physiotherapist (p<0.001). Physiotherapist had 
longer with patients (p<0.001). 

20 / 28 

Kennedy et 
al. 2010 
(Kennedy et 
al., 2010) 

Cohort Canada Orthopaedic 
clinic doctors, 
Physiotherapist 
with advanced 
practice via a 
residency 
program 

Consecutive patients 
saw physiotherapist 
(n=63) or orthopaedics 
(n=60) in hip / knee 
post arthroplasty clinic 

Same as Consultant 
would normally see 

Satisfaction (voluntary completion of VSQ9): No 
significant difference between groups 

15 / 28 

Large et al. 
2014 (Large 
et al., 2014) 

Retrospective 
case control 

Australia Orthopaedic 
clinic doctors, 
Physiotherapists 

Post arthroplasty hip 
(n=24), knee (n=52) 
seen by 
physiotherapist at 
3,6,12 months. 
Matched 1:2 by 
surgery, age, gender 
against usual 
orthopaedic clinics 

All seen at 6 weeks 
post arthroplasty by 
orthopaedic 
surgeon. Eligibility 
for physiotherapy 
review not described 

No significant difference between groups on 
Harris Hip Score. International Knee Society 
Score and physical component of SF36 
significantly better (p<0.01) in Physiotherapy 
group, however authors report sample size is 
insufficient to detect differences. 

21 / 28 
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Study Type Country Clinician Description Population Summary of findings Downs & 
Black score  

Ludvigsson 
et al. 2011 
(Ludvigsson 
et al., 2011) 

Non-
randomised 
clinical trial 

Sweden General 
Practitioner, 
Physiotherapists 

Mixed 
musculoskeletal. Initial 
physiotherapist 
consultation (n=56) 
compared with initial 
GP (n=54) consultation 
at another health 
centre. 

At the 
physiotherapist 
health centre, clinic 
nurse excluded 
suspected non-
musculoskeletal or 
needing certificates 

Safety: At physiotherapist health centre serious 
pathology identified by GP over next 3 months, 
were all identified at initial consult by the 
physiotherapist. Over next 3 months significantly 
more returned to their health centre for same 
condition in GP than physiotherapist group 
(p<0.001). Physiotherapist group significantly 
more satisfied (p<0.001).   

16 / 28 

MacKay et 
al. 2009 
(MacKay et 
al., 2009) 

Inter-rater 
agreement 

Canada Orthopaedic 
Consultant, 
Physiotherapists 
with special 
arthritis training  

Orthopaedic referrals 
Knee (n=45) Hip 
(n=17) 

OA required. Acute 
injury, ligament, 
meniscal pathology 
excluded  

Diagnosis agreement: overall 69% 
Management agreement: need for arthoplasty 
86% 19 / 28 

Overman et 
al. 1988 
(Overman et 
al., 1988) 

Randomised 
controlled trial  

USA General 
Practitioner,  
Physical 
Therapist  

Low back pain patients 
attending walk in clinic 
allocated to see 
physical therapy 
(n=107) or physician 
(n=67). One month 
follow up. 

Clinic nurse 
determined 
eligibility, excluded 
patients with 
trauma, urinary, 
gynaecological, GI 
symptoms. 

Sickness Impact Profile overall not significantly 
different between groups (however one post-
hoc subgroup of patients scoring >150 at 
baseline’ physical therapy group  (n=17) 
significantly better at one month only than 
Physician group (n=16)). No significant difference 
on pain, function or overall satisfaction between 
groups.  

13 / 28 

Razmjou et 
al. 2013 
(Razmjou et 
al., 2013) 

Inter-rater 
agreement, 

Canada Orthopaedic 
Consultant, 
Physiotherapist 
with advanced 
practice via a 
residency 
program 

Orthopaedic referrals 
Shoulder (n=100) 

Evidence of 
infection, metabolic 
or inflammatory 
disease, previous 
surgery or motor 
vehicle accident, 
compensation claims 
were all excluded 

Diagnosis agreement (Kappa): Rotator cuff 
tear=.84, Impingement=.43 (PABAK .5), 
biceps=.63, GHJ OA=.62, ACJ OA=.68. 
Investigation agreement (Kappa): Xray=.91, 
MRI=.27 (PABAK .86). Management agreement: 
(surgery Y/N): kappa=.75, physiotherapist (65%) 
recommended more surgery (p<0.001). Waiting 
time: physiotherapist (147 days) surgeon (198 
days) p<0.001. Satisfaction: (VSQ9) 
physiotherapist better p<0.004 

12 / 28 
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Study Type Country Clinician Description Population Summary of findings Downs & 
Black score  

Samsson 
and Larsson 
2014 
(Samsson et 
al., 2014) 
Samsson 
and Larsson 
2015 
(Samsson et 
al., 2015)  

Randomised 
controlled trial 
 
  

Sweden Screening of 
orthopaedic 
referrals by        
physiotherapist 
or standard care 
route to 
orthopaedics 

Mixed 
musculoskeletal, 
randomised to 
Physiotherapist 
screening with access 
to orthopaedic 
discussion (n=102), or 
standard route to 
orthopaedics (n=101). 
No blinding. Up to one 
year follow up.  

Hallux valgus, 
ganglion or trigger 
finger were excluded 

Referral accuracy (proportion needing 
orthopaedic intervention) significantly higher in 
physiotherapist group compared with standard 
referral pathway. Waiting time: lower for 
physiotherapist (19 days) than doctor group (28 
days) p<0.001, Referrals back to GP: lower in 
physiotherapist group p<0.001. Referrals to 
physiotherapist: higher in the physiotherapy 
group p>0.001. Quality of Life: (EuroQol 5D) 
Physiotherapist significantly better at 3 months, 
no difference at 6 or 12 months. Pain Disability 
Index: No difference. Sick Leave: no difference. 
Satisfaction: no difference. 

17 / 28 

Weale and 
Bannister 
1995 
(Weale et 
al., 1995) 

Non-
randomised  
clinical trial 

UK Orthopaedic 
sub-consultant, 
Physiotherapist 
with training in 
manipulation 
and injection 
 

Mixed 
musculoskeletal. 
Physiotherapist 
(n=221) with open 
access to orthopaedics 
(n=95). Follow up 6-12 
months by telephone.  

Only patients 
deemed unlikely to 
need surgery were 
includeda 

More ‘partially helped’ by physiotherapist 
p<0.001. No other differences. Satisfaction: no 
difference. Treatments selected (injection / 
orthotics / physiotherapy): no difference. 
Investigations (XR): physiotherapy significantly 
higher p<0.001 

7 / 28 

NSAIDS = non-steroidal anti-inflammatory drugs, VSQ9 = Visit-Specific Satisfaction Questionnaire, WCWL-HKPT = Western Canada Wait List Hip and Knee Prioritisation 
Tool, sub-consultant = doctors of any seniority level inferior to that of consultant 

a Determined by the medical specialists 
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 Quality and risk of bias  

	

Studies received generally moderate to low quality ratings using the Downs and Black 

checklist. Total scores ranged from 7 to 20 out of a possible score of 28 (Appendix B), with 

a variety of methodological shortcomings identified. Clinical trials were generally 

delivered with limited controls; the three randomised controlled trials did not blind 

participants or assessors, and in one of the three non-randomised clinical trials (Weale et 

al., 1995), the physiotherapist was able to discuss cases with the orthopaedic surgeon, 

thereby compromising the integrity of the intervention group. Junior doctors, or doctors 

of varying seniority were used in four of the five studies comparing physiotherapists with 

doctors in an orthopaedic setting (Daker-White et al., 1999; Kennedy et al., 2010; Large 

et al., 2014; Weale et al., 1995).   

 

The six agreement studies were also assessed with the QAREL checklist (Appendix C). Only 

one study reported an attempt to blind participants or prevent them from potentially 

transferring information between examiners. One study included a within trial economic 

analysis (Daker-White et al., 1999; Lilje et al., 2014) and scored 14 out of a possible 19 on 

the Evers Checklist (Evers S, 2005). Twelve of the 14 included studies applied selective 

inclusion and exclusion criteria which reduced the complexity of the study population and 

rendered the study cohort potentially different to the usual clientele of the medical 

service under investigation. For example, referrals thought to have higher diagnostic 

uncertainty or complexity, or patients thought likely to need surgery in orthopaedic 

settings, were frequently excluded (see Table 3-1 column titled Population). 

 

 Health outcomes 

	
Five moderate to low quality studies suggest there is no significant difference in health 

outcomes derived from substituting a doctor with a physiotherapist:  

Health outcomes (including condition-specific and quality of life measures) were reported 

in five studies. There were no reported significant or serious adverse events attributed to 
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professional substitution. A total of 14 health outcomes (described in Table 3-1) reported 

across four studies (Daker-White et al., 1999; Large et al., 2014; Samsson et al., 2014; 

Samsson et al., 2015) showed no overall significant difference in patient health outcomes 

between care delivery by a physiotherapist compared with the usual doctor (Table 3-2). 

The only reported result favouring either profession was in a low quality trial (Weale et 

al., 1995) reporting a significant result in favour of physiotherapy on a post-hoc analysis 

of one non-validated outcome measure.  

 

 Patient satisfaction 

	
Eight moderate to low quality studies suggest patients are equally or more satisfied 

with consulting a physiotherapist compared with a doctor:   

 

Heterogeneous patient satisfaction outcomes (described in Table 3-1) were reported in 

eight studies. There was no significant difference in satisfaction with the physiotherapist 

and the usual doctor groups in four studies (Daker-White et al., 1999; Kennedy et al., 

2010; Overman et al., 1988; Weale et al., 1995), while satisfaction with the 

physiotherapist was significantly higher in four other studies (Desmeules et al., 2013; 

Ludvigsson et al., 2011; Razmjou et al., 2013; Samsson et al., 2014; Samsson et al., 2015) 

(Table 3-2). In one study, which found in favour of the physiotherapist, the 

physiotherapist had a significantly longer consultation time with patients (Desmeules et 

al., 2013), potentially confounding this result. No studies reported patient satisfaction to 

be higher with the doctor than the physiotherapist.  

 

 Resource utilisation 

	
Seven studies of moderate to low quality show inconsistent and conflicting changes in 

healthcare resource utilisation from substituting a doctor with a physiotherapist: 

A range of heterogeneous outcome measures (described in Table 3-1) related to 

healthcare resource utility were reported in eight studies. Five studies reported the usage 
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rate of six resource-related outcomes to be lower when care was delivered by doctors, 

five studies reported six resource-related outcomes to be lower when care was delivered 

by physiotherapists, and one study reported one resource-related outcome was not 

significantly different (Table 3-2). Overall, results demonstrate an inconsistent pattern of 

change with professional substitution. Some studies found opposing results on different 

resource-related outcomes for each profession, such as Samsson et al. concluding 

substitution with a physiotherapist results in significantly fewer subsequent GP 

appointments but significantly more subsequent physiotherapy appointments (Samsson 

et al., 2014; Samsson et al., 2015) (K. Samsson & Larsson, 2014; K. S. L. Samsson, Maria 

E.H, 2014), and Overmann et al. concluding substitution results in significantly fewer drug 

recommendations but more physiotherapy referrals (Overman et al., 1988) (Table 3-2). 

Individual outcomes were occasionally reported in more than one study; the number of 

physiotherapy referrals were significantly lower from doctors in two studies, the number 

of GP appointments lower in two studies, X-ray requests were significantly higher with 

physiotherapist in one study but lower in another study, sick leave significantly lower with 

a physiotherapist in one study but no different in another, and drug recommendations 

significantly lower from a physiotherapist in two studies but significantly higher in one 

other study (Table 3-2).  

 

 Cost 

	
Substituting a doctor with a physiotherapist may be less costly but there is a lack of 

evidence as only one study has conducted a health economic analysis:  

Only one study reported a health economic analysis (Daker-White et al., 1999).  After 

establishing no significant difference in health outcomes, a within trial cost minimisation 

analysis found significantly lower direct hospital costs in the physiotherapy group, due to 

higher salaries for orthopaedic doctors and significantly fewer X-ray requests by the 

physiotherapist.  
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Table 3-2 Summary of study outcomes arranged by level of support for professional 
substitution 

Domain Significantly favours doctora  No significant difference 
Significantly favours 

physiotherapista 

 Study 
Quality 
Score 

Study 
Quality 
Score 

Study 
Quality 
Score 

Health 
outcomes 

  Dakar-White  
(6 HO, 2 QoL) 

19 Weale (1 post-hoc HO) 7 

  Large (2 HO, 1 QoL) 20   
  Overman (1 HO) 13   

  Samsson  
(1 HO, 1 QoL) 17   

Patient 
satisfaction 

  Dakar-White 19 Desmeules 20 
  Kennedy 15 Ludvigsson 16 
  Overman 13 Razmjou 12 
  Weale 7 Samsson 17 

Resource 
Utilisation 

Desmeules (appointment 
time/drugsb/injectb) 20 Samsson (sick leave) 17 

Bornhoft (appointment 
number /drugs/ sick 

leave) 
18 

Overman  
(physiotherapist referral 

number.) 
13   Overman (drugs) 13 

Samsson  
(physiotherapist referral 

number) 
17   

Samsson  
(GP appointment 

number) 
17 

Razmjou  
(surgery referral number) 

12   
Dakar-White  

(X-Ray number) 
19 

Weale (X-Ray number) 7   
Ludvigsson (GP 
appointment) 

16 

Cost     Dakar-White 19 

Processes 

    Razmjou (wait time) 12 

    
Samsson (wait time, 

accuracy orthopaedic 
referral number.) 

17 

Quality Score=Downs and Black score, HO=Health outcome measure, QoL=Quality of life measure 
apatients consumed fewer / a lower amount of that item 
bdrug and injection recommendations made by physiotherapists without formal qualification in prescribing 

 

 

 Care processes 

	
Physiotherapists make similar diagnostic and management decisions to orthopaedic 

surgeons for selected knee hip and shoulder conditions. Substitution may improve 

access and alter some care processes but the impact of these changes is unclear. 
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The findings from six moderate quality inter-rater agreement studies (Aiken et al., 2007; 

Aiken, Harrison, et al., 2008; Aiken & McColl, 2008; Desmeules et al., 2013; MacKay et al., 

2009; Razmjou et al., 2013), Table 3-3, show the diagnostic and management decisions of 

physiotherapists to be highly similar to those of orthopaedic surgeons, for selected knee, 

hip and shoulder presentations. These results do not necessarily generalise to the full 

spectrum of musculoskeletal disorders because studies often used participant selection 

criteria that excluded patients thought likely to be more complex or in need of surgery. 

The details of exclusion criteria used to define each study’s selected population are 

reported in the Population column of Table 3-1.  

 

In three of the six inter-rater agreement studies physiotherapists more frequently gave 

education and recommended exercises than orthopaedic surgeons (Aiken, Harrison, et 

al., 2008; Aiken & McColl, 2008; Desmeules et al., 2013). Two studies reported the waiting 

time to see a physiotherapist as significantly shorter than for the usual doctor (Razmjou 

et al., 2013; Samsson et al., 2014), and one study reported orthopaedic referrals from a 

physiotherapist to have greater accuracy (higher surgical conversion rate) than referrals 

from standard general practice (Samsson et al., 2014) (Table 3-2). Due to a lack of 

simultaneous investigation of patient health or cost outcomes alongside these process 

variables, the impact of these process changes upon patients or health services is unclear.   
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Table 3-3 Summary of agreement study results 

Level of agreement reported in study 
Diagnosis Fair Moderate Good Very good 

Knee   K=0.8 Aiken+Mc  
K=0.87 Desmeules 
89% Aiken+ Ata 

Hip    
82% Desmeules  
90% Aiken+ Atb 

Hip and knee   69% MacKay   
Shoulder general    100% Aiken+Mc 
Rotator cuff tear    K=0.84 Razmjou  
Shoulder 
impingement  

K=0.43 Razmjou  
(PABAK = 0.5c)   

Biceps    K=0.63 Razmjou   
Glenohumeral OA    K=0.62 Razmjou  
Acromioclavic OA   K=0.68 Razmjou   

 
Management Fair Moderate Good Very good 
Knee surgery     87% Desmeules  
Hip surgery     82% Desmeules  
Shoulder surgery    K=0.75 Razmjou   
Hip/knee 
arthroplasty     

100% Aiken+H 
86% MacKay  

Hip/knee care  52% MacKay 67% Aiken+H   
     
Shoulder X-ray    K=0.91 Razmjou  

Shoulder MRI 
K=0.27 Razmjou  
PABAK = 0.86c)    

Hip and knee X-Ray  K=0.48 Desmeules    
Hip and knee MRI   K=0.66 Desmeules   

K = Kappa, % = raw percentage 
a % of scores within 10 points of the surgeon on Knee Society Scale 
b % of scores within 5 points of the surgeon on the Harris Hip Scale 
cPABAK = prevalence adjusted bias adjusted Kappa scores also reported by authors due to low 
frequency of the condition or occurrence.  

 

 

 Discussion 

	

This is the first systematic review of professional substitution in the management of 

musculoskeletal disorders to limit inclusion to studies that compared the outcomes of 

care from doctors with that from a substitute professional. Despite this criterion we found 

the literature to contain methodological shortcomings that weaken the strength and 

scope of the findings. The professional scope of the treating physiotherapists varied 
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between and within the studies’ countries of origin and furthermore the physiotherapists’ 

clinical capabilities were not consistently described in detail, making it difficult to 

attribute the success of professional substitution to a level of scope or expertise. 

Notwithstanding the lack of high quality data, it appears likely that physiotherapists 

provide a safe and effective service delivery alternative to doctors, but with some caveats 

that need further investigation. Results suggest that when doctors are substituted with 

physiotherapists, health outcomes are likely to be unchanged and patient satisfaction 

maintained or improved. Yet it is not clear whether there is a net efficiency gain for health 

services or society due to conflicting data regarding the allocation of healthcare resources 

and limited health economic analysis. The optimal scope and autonomy for 

physiotherapists is also unclear, with respect to the level (if any) of service oversight 

required by doctors, physiotherapist provision of specific activities such as injection and 

prescribing, and the range of clinical situations physiotherapists should manage 

independently. Until these evidence gaps are investigated further, service designers will 

be reliant upon opinion to determine the optimal duties for physiotherapists within 

contemporary musculoskeletal services.  

 

Previous reviews of advanced and extended scope physiotherapy have also observed the 

low quality of the literature in this field (Desmeules et al., 2012; Saxon RL, 2014; Stanhope 

et al., 2012). Some past reviews which have included single-group pre-post and quasi-

experimental studies, reported physiotherapist outcomes to be more favourable than we 

found, stating physiotherapists deliver equal or better effectiveness and use of resources 

(Desmeules et al., 2012) and improve function, reduce cost and waiting times (Joseph et 

al., 2014). We believe that our review more accurately reflects the impact of substituting 

doctors with physiotherapists, as it is free from the influence of observational designs, 

which may bias interpretation in favour of the substitute professional (Laurant et al., 

2004).  
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This review has highlighted areas for further investigation. We recommend that future 

research should address these with well controlled trials considering the following areas: 

Firstly, the level of decision-making agreement between physiotherapists and doctors 

needs validation in populations more representative of the scope of presentations 

normally seen by the usual medical service. This will clarify the appropriate autonomy of 

physiotherapists, and whether potentially inefficient practices such as the review of 

referrals by both doctors and physiotherapists are necessary, to screen specific cases 

away from physiotherapists. Secondly, there appears to be no significant difference in 

health outcomes when the usual doctor is substituted with a physiotherapist, yet the 

absence of a significant difference between groups is not necessarily evidence of 

equivalence (Mascha et al., 2011). Future research might consider non-inferiority or 

equivalence designs as a more appropriate methodology (D'Agostino et al., 2003; Piaggio 

et al., 2012). Thirdly, there is a lack of research into the outcomes of important extended-

scope practices of prescribing and corticosteroid injection by physiotherapists. We found 

an unspecified quantity of injections were delivered to unspecified sites by a 

physiotherapist in one study (Weale et al., 1995), while one other study referred to 

injection of corticosteroid and local anaesthetic in the physiotherapy group (Daker-White 

et al., 1999) but it is unclear whether physiotherapists gave the injection. Single-group 

observational case series excluded from this review (Hattam et al., 1999; Hockin et al., 

1994; Resteghini, 2003) have reported safety and clinical improvement with injection by 

physiotherapists, but comparison with doctors is needed to clarify the added value of 

physiotherapists having wider access to these extended-scope activities. Finally, the lack 

of health economic evaluation requires high quality incremental cost and consequences 

analyses considering a wide range of healthcare resources, to establish whether 

physiotherapists provide a more cost efficient choice for service providers.  
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 Conclusion 

	

There is a lack of high quality evidence comparing musculoskeletal care delivered by 

doctors, with that from physiotherapists acting as substitutes for doctors. This review 

found that 14 moderate to low quality studies indicate professional substitution with a 

physiotherapist is safe, results in no significant change to patient health outcomes and 

inconsistent variation in the use of healthcare resources. Physiotherapists make similar 

diagnostic and management decisions to orthopaedic surgeons and patients are as, or 

more satisfied with seeing a physiotherapist, however there is limited evidence (due to a 

lack of health economic evaluation) that the lower cost of employing a physiotherapist 

translates into more efficient health services. Further high-quality research is needed 

(using patient populations that better represent the scope of usual medical services), into 

the health and economic outcomes of professional substitution and specific practices 

such as prescribing, to clarify the optimal role of physiotherapists in contemporary 

musculoskeletal services.    
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 Update since publication of the review 

	
Updated manual and electronic searching in January 2019 found two new studies that 

meet the inclusion criteria of this systematic review. These studies are summarised below. 

They do not change the overall conclusions of the systematic review and as they did not 

involve shoulder pain, conclusions pertaining specifically to shoulder pain also remain 

unchanged.  

 

One study compared one physiotherapist’s diagnostic and management decisions 

regarding 179 consecutive adults with knee pain, with a doctor’s decisions (orthopaedic 

surgeon or sports physician) and found very good diagnostic agreement (K = 0.89, 95% CI 

0.83-0.94) and good agreement (k= 0.73, 95% CI 0.60-0.86) regarding whether patients 

would need surgery (Décary et al., 2017). This validates the knee findings in the published 

review. The other study compared a physiotherapist and spinal surgeon assessing 

whether 102 consecutive patients with back pain required surgical consultation and found 

good agreement (k=0.69 CI 0.54-0.84) (Robarts et al., 2017). This is the first study to report 

this agreement data specifically to spinal referrals.  
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    Methods 

	
 Introduction 

	
Chapter 3 highlighted a lack of robust investigation into professional substitution of 

orthopaedic doctors with physiotherapists, implying that services have progressed with 

sparse evidence. This summation does not seek to undermine the achievements of 

services which have aimed to improve access for patients and expanded the scope of 

physiotherapists. Rather, it highlights a persisting evidence gap and surmises that this gap 

may contribute to the inconsistent integration of physiotherapists into orthopaedic 

services. Therefore, this chapter presents a research protocol that addresses the 

knowledge gaps described in Chapter 2 and the key methodological deficits of prior 

research identified in Chapter 3. It provides the methodology to address thesis Aim 2 (the 

economic burden of shoulder pain), Aim 3 (decision making by a physiotherapist) and Aim 

4 (the impact of corticosteroid injection by a physiotherapist). Amongst several innovative 

components presented is the non-inferiority design. Previous research into professional 

substitution has used standard superiority statistics to test whether one professional is 

superior to another. Yet the key questions for health services are whether a substitute 

professional can provide the same standard of care and what it costs. As it is incorrect to 

presume interventions are equivalent, purely on the basis of a rejected null hypothesis 

calculated with superiority statistics (Piaggio et al., 2012), the non-inferiority design more 

appropriately addresses the question of whether care delivered by a substituted 

professional (physiotherapist) is equivalent (or not inferior) to that of the usual 

professional (orthopaedic surgeon).  

 

The author of this thesis is also the physiotherapist delivering care in research aims 3 

(decision making by a substituted physiotherapist) and 4 (the impact of corticosteroid 

injection by a physiotherapist). With prescribing and injecting beyond the scope of 

physiotherapist practice in Australia, legislative approval was required to conduct this 

research. To gain this approval, an individual was required to demonstrate competency 
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in these procedures. The author was able to demonstrate this through training and 

experience obtained previously in the UK. There were no other physiotherapists in 

Australia at the time who were qualified to prescribe or deliver corticosteroid injections. 

Furthermore, there was no Australian curriculum framework or training program in place 

to educate and accredit others. The research was designed to accommodate this through 

double-blinding and excluding the author from recruitment, consenting, randomization, 

ongoing treatment provision or outcome measurement. 

 

The majority of this chapter is presented with minor additions and formatting alterations 

for consistency, from the published article: 

 

Marks D, Bisset L, Thomas M, S O’Leary, Comans T, Ng SK, Conaghan PG, Scuffham P: An 

experienced physiotherapist prescribing and administering corticosteroid and local 

anaesthetic injections to the shoulder in an Australian orthopaedic service, a non-

inferiority randomised controlled trial and economic analysis: study protocol for a 

randomised controlled trial. Trials 2014, 15(1):503. 
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 Abstract 

	

Background: The early management of orthopaedic outpatients by physiotherapists may 

be useful in reducing public hospital waiting lists.  Physiotherapists in Australia are 

prevented by legislation and funding models from investigating, prescribing, injecting and 

referring autonomously. This gap in service is particularly noticeable in the management 

of shoulder pain in early-access physiotherapy services, as patients needing corticosteroid 

injection face delays or transfer to other services for this procedure. This trial will 

investigate the clinical (decision making and outcomes) and economic feasibility of a 

physiotherapist prescribing and delivering corticosteroid and local anaesthetic injections 

for shoulder pain in an Australian public hospital setting. 

 

Methods/Design: A double blinded (patient and assessor) non-inferiority RCT will 

compare an orthopaedic surgeon and a physiotherapist prescribing and delivering 

corticosteroid injections to the shoulder. Agreement in decision-making between the two 

clinicians will be investigated, and economic information will be obtained for estimating 

disease burden and an economic evaluation. The surgeon and the physiotherapist will 

independently assess patients, and 64 eligible participants will be randomised to receive 

subacromial injection of corticosteroid and local anaesthetic from either the surgeon or 

the physiotherapist. Post injection, all participants will receive physiotherapy. The 

primary outcome measure will be the Shoulder Pain and Disability Index (SPADI) 

measured at baseline, 6 and 12 weeks post injection. Analysis will be conducted on an 

intention to treat basis and compared to a per-protocol analysis. A cost-utility analysis will 

be undertaken from the perspective of the health funder.  

 

Discussion: Findings will assist policy makers and services in improving access for 

orthopaedic patients.  
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Trial registration: Australia and New Zealand Clinical Trials Registry: 12612000532808. 

First registered 21 May 2012. First participant randomized January 16 2013. 
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 Background 

	

Patients referred to Australian public health orthopaedic services face lengthy waiting 

periods. Publicly accessible information on outpatient waiting times is scant and 

inconsistent. The Australian National Outpatient Care Database does not report waiting 

times (Australian Institute of Health and Welfare, 2013). Queensland Health hospital 

performance data indicate that 54% of non-urgent outpatient referrals (not specifically 

orthopaedics) will take over a year to be seen (Queensland Government Q. H., 2014), and 

data from some hospitals reveal that the waiting time to see orthopaedic specialists may 

extend beyond three years (Gold Coast Health Service, 2013). Furthermore, demands on 

orthopaedic services and subsequent waiting times are expected to worsen as the 

population ages (Productivity Commission, 2011) and rates of obesity and arthritis 

increase (Iorio et al., 2008).  

	

To combat future escalating delays for patients to access services such as orthopaedics, it 

has been proposed that the future health workforce should include greater role 

substitution and skill transference across professions (Duckett, 2005). The early 

management of orthopaedic referrals by physiotherapists is one example. 

Physiotherapists have demonstrated high levels of agreement with Orthopaedic Surgeons 

in the diagnosis and management of orthopaedic conditions of the hip, knee (Desmeules 

et al., 2013) and shoulder (Razmjou et al., 2013). Orthopaedic models of care involving 

extended scope physiotherapy practice have also reported reduced costs, reduced 

waiting times and improved health outcomes, however the quality of this evidence to 

date is generally low (Stanhope et al., 2012). Corticosteroid injection by specially trained 

physiotherapists has been formally available in the United Kingdom (UK) since 2000 with 

a good safety record (Department of Health, 2009). Contemporary UK laws and service 

delivery models permit appropriately trained physiotherapists autonomy in areas of 

prescribing, injecting, investigation and referral. In contrast, physiotherapists in Australia 

are prevented by legislation from prescribing and administering medicines. They are also 
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hindered in requesting Radiologist injection or referring to other specialties, by Medicare 

funding rules, which require that the request be made by a doctor.  While early 

physiotherapist assessment of orthopaedic patients has been implemented in some 

Australian hospitals, patients in need of specific pharmaceuticals or invasive procedures 

such as injection are typically returned to waiting lists because their needs are beyond the 

scope of Australian physiotherapists. This presents a service gap in comparison to UK 

models of care, particularly with regards to some orthopaedic conditions such as 

subacromial impingement syndrome of the shoulder. 

 

Shoulder pain is a common problem with a population prevalence of 20 - 33% (McBeth et 

al., 2007), annual prevalence of 2.4% and annual GP care seeking incidence of 1.5% (Linsell 

et al., 2006). Subacromial impingement syndrome encompasses multifactorial pathology 

and is the most frequent cause (Lewis et al., 2001) of shoulder pain. Injection of 

corticosteroid and local anaesthetic to the subacromial space, sometimes combined with 

physiotherapy, is a common management strategy supported by clinical (Blair et al., 1996; 

Buchbinder et al., 2003; Green et al., 2003) and economic evidence (Bloom et al., 2012; 

James et al., 2005; Jowett et al., 2013). The management of shoulder pain by Australian 

General Practitioners is reported to be highly variable, often suboptimal and 

characterised by a high reliance upon specialist referral (Buchbinder et al., 2013)(Rachelle 

Buchbinder, Staples, Shanahan, & Roos, 2013). Yet despite shoulder pain being one of the 

most frequent orthopaedic conditions referred to physiotherapists working in early-

access orthopaedic services in Australia (Queensland Health, 2013), these 

physiotherapists are unable to provide corticosteroid injection, resulting in delayed care 

for these patients. The capacity for injection delivery by physiotherapists in Australia may 

provide a solution, however little is known of the clinical and economic outcomes of this 

model of care. 

 

Existing literature concerning corticosteroid injection by physiotherapists is sparse and 

generally low quality. Positive health outcomes and the absence of adverse events have 
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been reported, however data are greatly limited to observational reports (Hattam et al., 

1999; Hockin et al., 1994; Resteghini, 2003). No clinical trials have yet directly investigated 

corticosteroid injection by physiotherapists. Some information pertaining to 

corticosteroid injection by physiotherapists may be inferred, from studies into 

physiotherapist-led orthopaedic models of care that have included physiotherapist 

injection amongst treatments provided. One unblinded randomised clinical trial utilised 

superiority statistics and reported that partially-supervised physiotherapist care was not 

significantly different to that of junior orthopaedic doctors in terms of health outcomes 

or patient satisfaction but hospital costs were lower because physiotherapists requested 

fewer X-Rays. In this study, some participants in the physiotherapy group received 

corticosteroid injection but it did not report the body region injected, nor whether the 

physiotherapist actually delivered the injection (Daker-White et al., 1999). Another 

unblinded (and non-randomised) clinical trial compared physiotherapist management of 

selected orthopaedic referrals to that of junior doctors and included physiotherapist 

corticosteroid injection as a treatment option. However, satisfaction and health outcome 

measures were not described and again the region of the injection was not reported 

(Weale et al., 1995). Physiotherapists delivered injections in a shoulder treatment trial 

(Crawshaw et al., 2010) but the efficacy of the physiotherapist as the provider of injection 

was not investigated.	  

 

Therefore, the aim of this trial is to investigate the clinical and economic feasibility of a 

physiotherapist undertaking patient-selection, prescribing and delivering subacromial 

corticosteroid and local anaesthetic injection to the shoulder, in an Australian public 

hospital setting.  The primary aim of the study is to compare the clinical effectiveness of 

subacromial injection for shoulder pain, as delivered by a physiotherapist versus a 

consultant orthopaedic surgeon. Secondary study aims are to assess the agreement 

between the physiotherapist and orthopaedic surgeon in patient assessment and 

selection for injection, to estimate the economic burden of shoulder pain for patients 

awaiting orthopaedic care, and to calculate the costs of physiotherapist versus 
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orthopaedic surgeon delivery of injections for shoulder pain. In our opinion, this is a novel 

and innovative study in that these research questions have not previously been 

investigated in a specific orthopaedic condition such as shoulder pain, in comparison to a 

consultant orthopaedic surgeon, or with a non-inferiority design. Furthermore, 

physiotherapist injection has not been previously reported in an Australian orthopaedic 

setting. 

 

 Methods 

	
 Design 

	

A double blinded (patient and outcome assessor) non-inferiority randomised controlled 

trial (RCT) design will be used to compare injection decision and delivery by an 

orthopaedic surgeon, to a model in which the physiotherapist makes the injection 

decision and gives the injection. Clinical decision-making between the two clinicians will 

also be compared. Economic data will be obtained for calculation of disease burden and 

a within trial economic evaluation. 

 

 Setting, process, inclusion and exclusion criteria 

	

The study will take place at the Gold Coast Hospital and Health Service, with one upper 

limb staff specialist orthopaedic surgeon and one experienced physiotherapist who has 

prior training (in the UK) and experience in injecting and prescribing. A Research Assistant 

will identify appropriate orthopaedic referrals, contact potential participants, distribute 

study information, co-ordinate appointments and gain informed consent from 

participants for each part of the research. All participants will receive verbal and written 

information about the risks and benefits of participation and told that they can change 

their mind or withdraw at any time. Data will be stored in locked cabinets and password-

protected digital files. Throughout the trial these will only be accessible by the research 
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assistant and investigator (LB). The principal investigator will be given access at trial 

completion.  

 

 Part one and entry criteria for Part 2: 

	

Participants will be included in Part 1, the initial assessment phase of the study if they are 

aged 18 years and over, have a new referral from their primary care doctor to the hospital 

orthopaedic department for shoulder pain and have the ability to read trial literature (in 

English) and give consent. Participants will be excluded if they have prior knowledge of 

either the research physiotherapist or the research orthopaedic surgeon (eg: from 

previous interactions or consultation), or have had no X-Ray of the shoulder in the past 

12 months. Written informed consent for part one will be gained by the research 

assistant, following which, baseline demographic and outcome measure data will be 

collected. The orthopaedic surgeon and physiotherapist, blind to the other’s assessment 

and decision, will independently examine each participant and their completed 

assessment forms will be compared by the research assistant. The order of examination 

(orthopaedic surgeon or physiotherapist first) will vary according to clinician availability.  

Participants will be unaware of decisions made by their first assessor while being 

examined by their second assessor. In bilateral presentations the side requested in the 

GP referral will be addressed. In bilateral referrals both sides will be assessed, the 

participant asked to nominate their most troublesome side and practitioners will make 

same day injection decisions for one side only. Participants will be eligible to enter Part 

Two of the study if there is agreement between the orthopaedic surgeon and 

physiotherapist on the question “would you provide subacromial injection today?” In 

addition, Part Two participants must be able fill in the questionnaires and follow post-

injection instructions. If the clinicians disagree about injection or the side to be injected 

or both mark “no”, the participant will take no further part in the research and receive 

care as directed by the surgeon. Additional exclusion criteria for entry into Part Two 

includes previous surgery to the involved shoulder, current use of anticoagulant 
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medication, the need for prophylactic antibiotics with the injection, pregnancy or 

breastfeeding. The flow of participants into Part One and Part Two of the study are 

demonstrated in Figure 4-1. 

 

 Part Two, Randomised Controlled Trial and Randomisation process: 

	

Written informed consent for Part Two will be gained by the research assistant. 

Participants will then be randomised using concealed allocation to receive an injection 

from either the physiotherapist or the orthopaedic surgeon. The computer generated 

randomisation sequence will be developed using Excel software by one investigator (LB) 

who will conceal the schedule from both the treating practitioners and the outcome 

assessor. Participants will be given a sealed opaque envelope by the research assistant, 

containing a standardised treatment sheet. This will direct the participant to one of two 

treatment rooms (Room A or Room B). The professional affiliation of the treating 

practitioner in each room will be unknown to both the study participants and the outcome 

assessor. Following participant randomisation to a treatment room (i.e. a treating 

practitioner), the participant will provide written informed consent for the procedure 

before receiving the injection.  

 

 Blinding 

	

Throughout Part 1 the surgeon and the physiotherapist, blind to each other’s findings, will 

assess participants independently, in separate rooms. Participants will be blind to the 

profession of surgeon and the physiotherapist at all times throughout the entire trial. The 

outcome assessor will also be blind to the treating practitioner. Physiotherapists 

providing post-injection care will be asked to not seek information regarding the 

profession of the injecting clinician and not discuss the identity or profession of injecting 

clinicians with participants. They will be asked to report any breaches in blinding to the 

research assistant. The success of blinding will be assessed immediately post injection, 
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and at 6 and 12 weeks, when participants and the outcome assessor will each be asked to 

tick whether they think they received their injection from the physiotherapist or the 

surgeon. Unblinding of a participant will only be permitted in the event of an adverse 

event requiring management by the orthopaedic surgeon.  

 

 Interventions 

	
 Injection delivered by surgeon or physiotherapist  

	
Participants will receive from either the physiotherapist or the surgeon, one ml of 

Betamethasone (Celestone Chronodose) (5.7mg/mL) mixed with five ml of 1% lignocaine 

hydrochloride, delivered to the subacromial space via an aseptic injection technique. One 

mL of Methylprednisolone Acetate (Depo-medrol) (40mg/mL) will be used as an 

alternative, and recorded as such, if Celestone is unavailable. Standard post injection 

advice will be given verbally and through a written information sheet advising reduced 

activity for one week, attendance at physiotherapy, as well as recognition of, and 

reporting procedures, for any adverse reactions.  

 

 Physiotherapy 

	

All participants who were injected will be referred for a course of physiotherapy within 

the hospital’s outpatient physiotherapy department, beginning approximately one week 

post-injection. The injecting physiotherapist is not part of this department and will not 

provide post-injection treatment. Treating physiotherapists will be middle to senior 

outpatient staff with experience in treating musculoskeletal conditions. The treating 

physiotherapists will develop a consensus regarding best practice exercise and manual 

therapy interventions used for shoulder pain. Treatment will be delivered pragmatically 

with specific interventions and the number of sessions at the discretion of the treating 

physiotherapist. All treating physiotherapists will be directed to not deliver acupuncture 

to participants and this will be monitored by the research assistant.  
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Figure 4-1 Process of recruitment, consent, randomization, treatment and 
measurement 

 

 Outcome measures 

	

Outcomes will be measured at baseline, six and 12 weeks follow up by the blinded 

assessor. These time points were chosen on the basis of a previous study evaluating 

subacromial corticosteroid injection that found greater improvements in the injection 
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group at 6 weeks than at 12 weeks (Crawshaw et al., 2010). At baseline, demographic, 

service, economic disease burden and clinical data will be recorded, including age, gender, 

duration of condition, imaging findings, dominant arm, affected side, medicines, 

occupation, shoulder related direct and indirect costs, and usual service waiting time for 

care. Outcome measures and time points are displayed in Table 4-1.  

 

 Primary outcome measure 

	

The primary outcome measure will be the Shoulder Pain and Disability Index (SPADI) 

measured at baseline, 6 and 12 weeks post injection. The SPADI is a self-rating tool 

consisting of 13 questions with a scale of 0 – 10, divided into pain (five questions) and 

disability (eight questions) subscales. The two subscales are scored separately, an overall 

score is then calculated from the means of the two subscale scores, resulting in a total 

score varying from 0 (best) to 100 (worst) (Roach et al., 1991). It has been widely used in 

shoulder research and has been shown to be reliable and valid, including use in patients 

with subacromial impingement syndrome of the shoulder (Angst et al., 2011; Roach et al., 

1991).  

 

 Secondary outcome measures 

	

Economic disease burden at baseline 

An impact and costs questionnaire has been developed to gather shoulder related direct 

and indirect costs including medical care, work earnings, impact and absence, also costs 

of personal assistance required from others. A 3-month recall period was chosen based 

on previously reported patient accuracy in recall over this period (Merkesdal et al., 2005; 

Pinto et al., 2011). Impact on work productivity will be further assessed with two work 

productivity instruments which are validated in this patient population (Tang et al., 2011). 

The Work Productivity and Activity Impairment Questionnaire (WPAI) has been used in 

many musculoskeletal conditions, is compatible with economic costing and easy to 
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administer. The Work Limitations Questionnaire (WLQ) (Lerner et al., 2001) is a widely 

used presenteeism measure with excellent construct validity and the benefit of being 

expressed as a percentage of productivity loss for dual clinical and economic analyses.  

 

Usual waiting time for care 

At the time of initial appointment for assessment, the usual waiting time to see the 

orthopaedic surgeon and the physiotherapist will be obtained from the hospital waiting 

list database.  

 

Examiner agreement 

The two examiners (physiotherapist and orthopaedic surgeon) will record their 

assessment, diagnosis, injection safety and management findings on standardised 

assessment forms.  

 

Health related quality of life 

The EQ-5D-5L will allow quality of life to be expressed as utility values varying from 0 to 

1, with 1 representing perfect health. This widely used scale builds upon the earlier EQ-

5D-3L version (Herdman et al., 2011).  

 

Pain severity 

A 100 mm visual analogue scale (VAS) anchored by “no pain” (0 mm) to wost pain 

imaginable (100 mm) will be used to rate participants “worst pain over the last 3 days”. 

The VAS has established validity and reliability, with extensive use in adults (Hawker et 

al., 2011) and shoulder disorders (Paul et al., 2004). 

  

Range of movement and pain immediately pre and post injection 

Within a period of twenty minutes before and twenty minutes after injection, the blinded 

outcome assessor will measure shoulder range of movement three times in the scapular 

plane with a goniometer. The instruction will be to “take your arm up as far as you feel 
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able”. Following the three measurement trials the participant will then rate on a 100 mm 

VAS anchored by “no pain” (0 mm) and worst pain imaginable” (100 mm) the severity of 

their worst pain and their mean pain during these three trials.  

 

Adverse Events 

Participants will be instructed via the standardised post-injection information sheet, to 

report any unwanted side-effects or adverse events to the research team. All adverse 

events will be recorded. A serious adverse event will be defined as one that requires 

hospitalization, results in persistent incapacity, or requires antibiotic treatment for 

infection, related to the injection, or anything worse. 

 

Global perceived improvement  

We will use a five point Global Rating of Change (GROC) scale varying from completely 

recovered to much worse to capture the participants impression of overall change in their 

shoulder condition. The GROC has commonly been used for this purpose in painful 

shoulder conditions (Michener et al., 2013). 

 

Satisfaction 

Participants will be asked to rate their satisfaction with care over the 12-week period. A 

100 mm visual analogue scale (VAS) anchored by “not satisfied at all” (0 mm) to 

“completely satisfied” (100 mm) will be used. 

 

Post injection physiotherapy  

The number of physiotherapy sessions provided for post injection participants will be 

obtained from hospital booking systems.  

 

Costs 

Labour costs will be obtained from standard health service wage scales (Queensland 

Government, 2014a) for the assessing/injecting physiotherapist, the orthopaedic 



	

	
65	

surgeon, and post-injection physiotherapy care. Participants’ medicines use will be 

recorded by the blinded assessor and costs taken from the Pharmaceutical Benefits 

Scheme database (Australian Government Department of Health, 2014).  

 

Table 4-1 Outcome measures and time points 
Indicates which outcome measures will be used in each part of the trial and when each 
outcome measure is collected. 
Outcome	Measure	 Part	of	Study	 Time	Point	(weeks)	

Part	1	 Part	2	 0	 6	 12	
SPADI	 Yes	 Yes	 Yes	 Yes	 Yes	

Impact	and	costs	
questionnaire	

Yes	 	 Yes	 	 	

WPAI	 Yes	 	 Yes	 	 	
WLQ	 Yes	 	 Yes	 	 	

Usual	waiting	time	 Yes	 	 Yes	 	 	
Examiner	agreement	 Yes	 	 Yes	 	 	

EQ-5D-5L	 Yes	 Yes	 Yes	 Yes	 Yes	
Pain	severity	VAS	 Yes	 Yes	 Yes	 Yes	 Yes	
ROM	/	Pain	pre	and	
post	injection	

	 Yes	 Yes	 	 	

Adverse	events	 	 Yes	 Yes	Throughout	
Global	perceived	
improvement	

	 Yes	 Yes	 Yes	 Yes	

Satisfaction	VAS	 	 Yes	 	 	 Yes	
Post	injection	
physiotherapy	

	 Yes	 	 	 Yes	

Labour	costs	 	 Yes	 	 	 Yes	
Medicine	use	 Yes	 Yes	 	 	 Yes	

 

 Governance 

	

Approvals 

Ethical approval (Protocol version 4) and Site Specific Approval has been obtained through 

the Gold Coast Human Research Ethics Committee (HREC/12/QGC/30; SSA/12/QGC/97).  

 

The research design requires that the physiotherapist act beyond the scope of usual 

professional practice in Australia and consequently a number of checks and approvals 

were required. These included legislative Approval under Queensland’s Health (Drugs and 
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Poison) Regulation 1996, credentialing of overseas prescribing and injecting training 

against equivalent Australian standards, credentialing under Queensland’s Allied Health 

Framework for New/Complex practice, in addition to local hospital approvals.  

 

Data and adverse event management  

Adverse events reported by participants will be brought to the attention of the 

orthopaedic surgeon for clinical management as deemed appropriate. A Data Safety 

Monitoring Committee has been established comprising health service clinicians and 

experienced university academics, none of whom are involved in the study. Serious 

adverse events will be reported directly to both the Data Safety Monitoring Committee 

and the Human Research Ethics Committee. The biostatistician (SKN) will monitor the 

progress of the trial through interim statistical analyses at approximately one and two 

thirds completion. If the number of interim analyses is not small (e.g. over five), the 

overall type I error rate could be controlled by adopting a higher level of significance for 

each interim statistical test (Armitage et al., 1969). Alternatively, a more formal alpha 

spending function approach (DeMets et al., 1994) could be used to allocate some of the 

pre-specified overall type I error to each interim analysis. The interim analyses will be 

made available in confidence to the Data Safety Monitoring Committee (DSMC) and the 

Human Research Ethics Committee. The DSMC will have authority to recommend trial 

cessation to the Sponsor. 

 

Dissemination 

Each participant will be mailed a plain language summary of the research results. Results 

will be also disseminated through publication, professional networks, meetings and 

conferences. 

 

 Sample size  
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Assuming α = 0.05, β = 0.2, and a standard deviation of 21.7 point change in SPADI scores 

from baseline, we estimate that 54 participants (27 per group) will be required to test for 

comparative efficacy between the two treatments with a non-inferiority margin of 15 

points in SPADI scores. This margin is specified based on clinical judgment and is 

approximately two thirds of the minimum clinically important difference (MCID) of 23.1 

points for the SPADI at 6 weeks (Angst et al., 2011). The standard deviation is obtained by 

adding 25% to the reported standard deviation for the change in SPADI scores at 6 weeks 

from baseline in a previous study comparing the responsiveness for SPADI and several 

indices in patients with shoulder pain receiving corticosteroid injection (Ekeberg et al., 

2010). The power calculation is conservative in the sense that it ignores the added power 

inherent in the repeated measures design (assuming a first-order autoregressive (AR(1)) 

covariance structure with a within-subject correlation coefficient of 0.5, the same sample 

size will have an increased power of above 90% using a generalised estimating equation 

(GEE) approach (Liang et al., 1986) for testing the difference in changes in scores between 

groups with two repeated follow-up measurements (Rochon, 1998). However, it is 

appropriate when treatment comparisons at the two individual time points (6 weeks and 

12 weeks) are performed to assess the interaction treatment effect at different time after 

the injection. Allowing for a drop-out rate of 15%, we will recruit a total of 64 participants 

(32 per group) for injection. We anticipate this will require us to assess approximately 256 

participants in total, because we estimate that 25% of participants assessed, will be 

randomised for injection. This estimate is based on a study in which an orthopaedic 

surgeon sent 38% of patients for subacromial injection (Razmjou et al., 2013). We 

anticipate some practitioner disagreement will bring the final figure to approximately 

25%. 

 

 Data analysis 

 

All statistical analyses will be performed on an intention to treat basis with alpha level set 

at 0.05. As suggested in an extension of the CONSORT statement for non-inferiority trial 



	

	
68	

design (Piaggio et al., 2006; Piaggio et al., 2012), per-protocol analysis will be conducted 

and the results obtained by the two approaches will be compared (Brittain et al., 2005).       

 

 Decision Making  

 

Agreement between the baseline assessment decisions from the two clinicians will be 

investigated using the proportion of observed agreement, the probability of chance 

agreement, the kappa statistics, and the Agreement Coefficient AC1 (Gwet, 2010) with 

the 95% confidence intervals. 

 

 Clinical Efficacy  

 

For continuous outcomes, normality of data will be assessed and parametric tests applied 

if normality is upheld. Treatments from the two clinicians will be compared over time 

(pre- to post-intervention) on an intention-to-treat basis using the GEE (Liang et al., 1986) 

with an AR(1)  working correlation structure to account for within-subject correlation for 

repeated measurements. Robust estimator for covariance matrix will be adopted. The 

effects of time (within-group differences), practitioner (between-group differences), and 

practitioner by time interaction (between-group differences over time) will be included 

in all models and assessed using the Wald χ2 test. Non-inferiority of injection by 

physiotherapist to injection by surgeon will be declared if the upper limit of the one-sided 

confidence interval for the difference in mean change of SPADI in the physiotherapist 

group relative to the surgeon group is smaller than the non-inferiority margin of 15 points. 

Model fit and assumptions will be checked were appropriate within the GEE framework. 

The GEE approach works well with missing observations on outcome measures provided 

that they are missing completely at random (Hogan et al., 2004), which will be tested 

using likelihood ratio statistics (Little et al., 2002). If the validity of the MCAR assumption 

was violated, adjustment using weighted GEE (Robins et al., 1995) will be performed. 
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Appropriate post hoc tests will be conducted if significant main or interaction effects are 

identified from the omnibus analyses (Grilo et al., 2005). 

 

 Economic evaluation 

	
A within trial economic evaluation, adhering to current guidelines (Husereau et al., 2013), 

will be undertaken from the perspective of the health funder. A cost-utility ratio will be 

constructed using the formula: Cost-utility = (Cost_i – Cost_c) /(QALY_i – QALY_c), where: 

QALY = Quality adjusted life years calculated by mapping the EQ-5D-5L utility score across 

time and calculating the area under the curve, i = Intervention group for main effect 

analysis, and c = Control group. The time horizon for this economic evaluation will be 12 

weeks. Direct costs will include labour costs of the clinician providing the injection, post-

injection physiotherapy and change in medicines usage. Univariate, multivariate and 

probabilistic sensitivity analyses will be conducted to confirm stability of results and 

adjust for uncertainty in clinical and economic data.  

 

 

 Discussion 

 

The findings of this study will provide further evidence informing policy makers, 

regulators, health professionals, and the public, as to the feasibility and safety of 

appropriately trained physiotherapists in Australia in requesting prescribing and 

administering medicines. The model of care to be evaluated in this study has the potential 

to reduce waiting times and improve access to appropriate and expedited care for 

patients who presently face long orthopaedic waiting times for specialist orthopaedic 

services. We anticipate this will have subsequent effects in improving patient flow, which 

could ultimately benefit both surgical and non-surgical orthopaedic pathways. The results 

may also have application for the management of other musculoskeletal presentations.  

 

A non-inferiority RCT trial design was chosen as it is appropriate when comparing an 
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alternative treatment with an established proven effective treatment for a condition, and 

it is hypothesised that the alternative will not be superior in efficacy to the established 

treatment. In this case the objective is to determine whether the alternative treatment 

(physiotherapist injection) is not inferior to the existing gold standard (orthopaedic 

surgeon injection). This is done by assessing whether the alternative treatment falls 

within the non-inferiority margin (D'Agostino et al., 2003). 

 

This study will be limited by its involvement of only one injecting physiotherapist. This is 

necessary because there is presently no regulatory framework, recognised training 

curriculum or accreditation process for Australian physiotherapists to prescribe or 

administer medicines by injection. The physiotherapist in this study obtained governance 

approvals on the basis of their overseas training and is not representative of other 

physiotherapists in Australia. If physiotherapist-led prescribing and injecting were to be 

implemented on a wider scale, appropriate training and regulatory frameworks would be 

required. 

 

Further potential limitations of the study include differences in practice recency and 

frequency between the surgeon and the physiotherapist, as governance approvals permit 

the physiotherapist to inject only within the trial. In contrast the surgeon has recent 

practice and will have regular ongoing injection practice through their work outside of the 

research.   

 

 In summary, several knowledge gaps will be addressed by this research. It will evaluate 

the safety, feasibility, and cost, of physiotherapists injecting in an Australian setting. To 

our knowledge, it will also for the first time, compare the decision-making processes and 

clinical efficacy surrounding injection by a physiotherapist to that of a consultant 

orthopaedic surgeon, for a specific orthopaedic condition. We believe this to be the first 

study of a physiotherapist injecting corticosteroid in Australia, and it could serve as 

benchmark from which subsequent studies can be conceived to further our 
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understanding of the potential health benefits of extended-scope activity within 

physiotherapy, as well as other allied health professions.  
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   The economic burden of shoulder pain 
 

 Introduction 

	
By exploring the cost of shoulder pain, this chapter addresses research Aim 2 (to quantify 

the economic impact of shoulder pain referred for orthopaedic care in an Australian 

hospital) and provides economic context for the thesis. The cost of an illness is important 

in healthcare evaluation as it guides decision-makers in the prioritization of policies and 

interventions (Jo, 2014). Therefore, intelligence about the economic burden of shoulder 

pain is needed to inform decisions about new models of care such as professional 

substitution. Until now, a lack of data in this area has hampered evaluation of the 

economic impact of professional substitution. The cost-of-illness study presented in this 

chapter provides new data to improve this situation. It provides the first estimate of the 

cost (to society) of the time patients spend waiting for orthopaedic care. It also presents 

the first Australian estimate of the cost (to government) of shoulder pain and a 

description of shoulder care provided in a public orthopaedic department, thereby 

improving understanding of the potential cost savings with professional substitution. 

 

This chapter is presented with minor additions and formatting alterations for consistency, 

from: 

 

Marks D, Comans T, Bisset L, Thomas M, Scuffham PA: Shoulder pain cost-of-illness in 

patients referred for public orthopaedic care in Australia. Australian Health Review 

(accepted for publication, June 2018, published online, 15 October 2018). 
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 Abstract 

 

Objective  

To calculate the societal economic burden of shoulder pain in patients on the orthopaedic 

waiting list at an Australian public hospital and calculate the cost (from the government’s 

perspective) of care delivered by the hospital for those patients.  

  

Methods 

A cost-of-illness analysis was undertaken in a cohort of 277 orthopaedic patients on the 

Gold Coast in Australia. Outcomes included a healthcare costs and impacts questionnaire, 

work absenteeism, presenteeism questionnaires (Work Limitations Questionnaire (WLQ) 

and Work Productivity and Activity Impairment Questionnaire (WPAI)) and hospital care 

provision over a two-year period.  

 

Results 

The mean societal cost of healthcare and domestic support was AU$20.72 per day 

(AU$7563 annually) per patient on the orthopaedic waiting list. When absenteeism and 

presenteeism are included, the cost per patient who was employed was AU$38.04 per 

day (AU$13,885 annually) calculated with the WLQ and AU$61.31 per day (AU$22,378 

annually) calculated with the WPAI. The mean per patient cost to government of public 

hospital care was AU$2622 in year one and AU$3835.78 (SD 4961.28) over two years. The 

surgical conversion rate was 22% and 51% of hospital care cost was attributable to 

outpatient services. 

 

Conclusions 

Public orthopaedic shoulder waiting lists create a large economic burden for society; few 

referrals require surgery and just over half the hospital care costs are for outpatient 

services. New models of care that better manage shoulder pain and identify surgical 

candidates prior to orthopaedic referral could reduce this burden.  
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 Background 

 

Musculoskeletal disorders are the second largest cause of disability globally (Vos et al., 

2012) and are estimated to have cost Australia AU$55 billion in 2012 (Arthritis and 

Osteoporosis Victoria, 2013). In Europe and New Zealand, shoulder pain is the second 

(Picavet et al., 2003; Taylor, 2005) to third (Parsons et al., 2007; Urwin et al., 1998) most 

prevalent musculoskeletal disorder and it is the third most frequent musculoskeletal 

presentation to general practice in Australia (Britt H et al., 2016). Yet despite this high 

prevalence, the economic burden of shoulder pain is not well understood. Two cost-of-

illness studies in primary care have reported disparate outcomes with a mean annual 

healthcare cost for shoulder pain of €326 over 6-months and total annual cost per episode 

of €4139 in Sweden (Virta et al., 2012) but much lower total costs of €689 over six-months 

in the Netherlands (Kuijpers et al., 2006). Both studies attributed most cost to 

absenteeism, with methodological differences in the valuation of work absence 

accounting for much of the disparity; the Dutch study used the friction cost method 

(Koopmanschap et al., 1995) and assigned lower values to work absence beyond 126 days 

than the Swedish study which used the human capital approach (Drummond, 2005). Yet 

presenteeism (loss of productivity while at work with a health condition), is potentially 

more expensive than absenteeism, with presenteeism having been reported to be as or 

more expensive than absenteeism (Schultz et al., 2009), more prevalent than absenteeism 

in arthritis (Zhang, 2010) and responsible for greater productivity loss than absenteeism 

in workers with combined neck and shoulder pain (van den Heuvel et al., 2007). However, 

presenteeism has not previously been reported in a shoulder pain cohort. A South Korean 

analysis of primary and hospital healthcare costs reported US$176 for adhesive capsulitis, 

US$483 for subacromial impingement and US$968 for rotator cuff syndrome per case 

annually (Joo et al., 2017). Shoulder pain is often referred to orthopaedic specialists 

(Buchbinder et al., 2013; Dorrestijn et al., 2011; Linsell et al., 2006) and waiting lists for 

public orthopaedic care are common internationally (Curtis et al., 2010). In Queensland 



	

	
76	

non-urgent public patients should be seen within a year (Queensland Government, 2015) 

but many wait longer (Queensland Government Queensland Health, 2017). Health and 

personal care costs (Núñez et al., 2007) and reduced quality of life (Ackerman et al., 2011) 

are associated with waiting lists for knee arthroplasty. However, the economic burden of 

shoulder pain in patients awaiting orthopaedic assessment and care and the cost of public 

orthopaedic care are unknown.		

	

The present study investigated the economic burden of shoulder pain in a cohort of 

patients referred for public orthopaedic care in Australia. The primary aims of the study 

were to calculate the societal cost of shoulder pain in patients on the orthopaedic waiting 

list at a public hospital orthopaedic department, and to calculate the cost to government 

of care provided to those patients in that department over a 2-year period. Secondary 

aims were to report the surgical conversion rate and describe care provided.  

 

 Methods 

 

A shoulder pain cost-of-illness analysis was undertaken in an orthopaedic cohort at a 

tertiary public hospital on the Gold Coast, Australia.  Two cost estimates were undertaken 

and these are summarised in Table 5-1. First, while on the orthopaedic waiting list (before 

the initial consultation), the cost of shoulder care was estimated from a societal 

perspective. Secondly, the cost of care provided by the hospital over a two-year period 

was calculated from a government perspective. As described in the published protocol 

(Marks et al., 2014), data were obtained from participants recruited from the orthopaedic 

waiting list. Present data are reported separately to enable thorough reporting of the 

economic burden. All participants provided written informed consent and ethics approval 

for the study was granted through the Gold Coast Hospital and Health Service Human 

Research Ethics Committee (National Health and Medical Research Council of Australia 

code EC00160; HREC/12/QGC/30; SSA/12/QGC/97), Griffith University Human Research 
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Ethics Committee (MED/23/13/HREC) and Public Health Act (approval RD006855); 

amendment RD007004 was approved to obtain hospital care data.  

 

 

Table 5-1 Details of the two estimates undertaken 

 Cost of shoulder pain on the 
waiting-list / pre-orthopaedic 
consultation 

Cost of orthopaedic care 
delivered by the hospital 

Time 
perspective 

Retrospective Prospective 

Timeframe Three-month recall* Up to 2 years of hospital care for 
that episode of shoulder pain 

Financial 
perspective 

Societal Cost to the government 

Outcome 
measures 

Impacts and costs 
questionnaire*, WPAI, WLQ 

Appointments with orthopaedics, 
physiotherapy, medical imaging 
and surgical episodes. 

*A three-month recall period applied to the impact and costs questionnaire 
WPAI: Work Productivity and Activity Impairment Questionnaire 
WLQ: Work Limitations Questionnaire 
 

 

 Participants 

	

All participants were aged 18 years or older, on the orthopaedic waiting list with a general 

practitioner (GP) shoulder referral, able to read and gave informed consent. Exclusion 

criteria for the RCT (Marks et al., 2014) also applied to participants in the present study: 

prior knowledge of the assessing physiotherapist or orthopaedic surgeon, or no plain 

radiograph (X-Ray) of the affected shoulder in the past 12 months. Potential participants 

were identified by the research assistant and attended orthopaedic out-patient 

consultation between January 2013 and June 2014. Demographic information was 

obtained at baseline; in addition, shoulder function was measured with the Shoulder Pain 

and Disability Index (SPADI) (a 13-question self-rating tool with a 0 – 10 scale covering 

pain and disability with demonstrated reliability, validity (Angst et al., 2011; Roach et al., 

1991) and responsiveness (Roy et al., 2009)) and health related quality of life was 
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measured with the EuroQol five dimensions, five levels (EQ-5D-5L), a generic health 

related quality of life measure designed for use across a different healthcare conditions, 

with validity and responsiveness (Obradovic et al., 2013). The EQ-5D-5L calculates a utility 

value from 0 (dead) to 1 (perfect health) and was scored using the Australian algorithm 

derived from the preferences of an Australian sample (Norman et al., 2013).  

 

 Outcome Measures 

	

An impact and costs questionnaire gathered employment information, income (in 

increments of AU$20,000 up to $100,000), direct healthcare, non-healthcare and indirect 

costs including the type, number and cost of shoulder-related appointments and 

treatments (doctors, physiotherapists, other therapists such as chiropractors / 

osteopaths or acupuncture), investigations, equipment, travel times, work absence, 

medicines and personal or domestic help received from others. High accuracy has been 

reported with three-month recall in rheumatoid and osteoarthritis (Merkesdal et al., 

2005; Pinto et al., 2011) and was assumed in the present study. For appointments, 

investigations and procedures, Medicare Benefits Schedule rebates (Australian 

Government, 2013) were applied (Table 5-2), unless participants reported specific 

alternative costs. Reported income categories were converted to continuous data using 

the interval regression command in Stata 15 (StataCorp, College Station, Tx, USA) (which 

accounts for right and left censored observations of this nature (Conroy, 2005). In the 

absence of a gold-standard tool for measuring presenteeism (Zhang W. et al., 2010), 

working participants also completed two work productivity questionnaires. The Work 

Productivity and Activity Impairment Questionnaire: Specific Health Problem V2.0 (WPAI) 

seeks responses from those “currently employed”, has a seven-day recall period with six 

questions covering absenteeism, presenteeism, impairment at work and regular daily 

activities. WPAI has been validated (Zhang Wei et al., 2010) and has moderate reliability 

in musculoskeletal disorders (Reilly et al., 1993). The Work Limitations Questionnaire 

(Lerner et al., 2001) (WLQ) seeks responses about “how health has affected you at work”, 
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is valid and reliable (Tang et al., 2011), has 14-day recall with 25 questions covering time 

management, physical demands, mental interpersonal tasks, and work outputs. Unlike 

the WPAI, WLQ measures the time a participant felt limited due to their condition, rather 

than the severity of that limitation (Beaton et al., 2005). It calculates a productivity loss 

index, interpreted as a percentage of output lost per hour, compared to healthy matched 

controls (Lerner et al., 2001; Ozminkowski et al., 2004). The WPAI has previously been 

used to estimate productivity loss in a mixed osteoarthritis cohort group that included 

patients with shoulder pain, by multiplying annual income by the percentage overall work 

impairment (Dibonaventura et al., 2011). Hospital care, obtained from medical records 

and the hospital analytics department, included the number of out-patient appointments 

with orthopaedics and physiotherapy, the number and type of investigations and 

injections, and the number and type of surgical procedures and revenue related to the 

shoulder condition.  

 

 Direct and indirect costs 

	

Table 5-2 shows direct costs and assumptions. Data from the impact and costs 

questionnaire were summed to 3-month totals, then divided by 90 for per-day direct costs 

prior to orthopaedic consultation. A mid-dose medicine schedule was assumed and 

costed using the Australian Government Pharmaceutical Benefits Scheme (Australian 

Government Department of Health, 2014) Dispensed Price Maximum Quantity (DPMQ) 

cost which represents the cost of medicine to the Australian Government. The 

opportunity cost of time travelling and attending appointments was calculated from the 

sum of the time (minutes) at and travelling to and from appointments (from the impact 

and costs questionnaire), multiplied by the participant’s income (Table 5-2). Fuel, vehicle 

wear and tear, parking, and public transport fares were collectively estimated from travel 

times, assuming one hour of travel equated to a distance of 30 kilometres (1 minute = 

0.5km) using the Australian Tax Office 2013/14 per kilometre expense rate (76 cents per 

kilometre) for a mid-sized vehicle (Australian Government, 2014) and also converted to a 
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daily cost. Personal care and domestic support costs were estimated using the proxy good 

method (van den Berg et al., 2006); helper’s time was calculated, expressed on a per day 

basis and multiplied by the wage rate of a paid community care worker (level 1 casual 

community sector worker with one year experience) at AU$22.82 per hour (Australian 

Government Fair Work Ombudsman), to arrive at an average cost per day. For the analysis 

of hospital care over the two-year period after consultation, 2013/14 pricing was used 

without discounting due to the short time horizon of the study and 3.5% discounting 

applied via the ZT Estimator method to account for right censored data. 

 

 Work productivity  

	

Participants recorded their work status on the costs and impact questionnaire and 

indicated how much work they missed (absenteeism) due to their shoulder over the 90-

day recall period (65 Monday to Friday working days). Participants unable to work due to 

their shoulder problem were assumed to have been absent for the whole period unless 

they provided alternative information. Participants who completed the WPAI 

questionnaire also recorded their work absence for the 7-day recall period of that 

questionnaire. Each of the four WLQ domain scales were calculated individually and then 

combined to obtain a total productivity loss score for each individual participant (Lerner 

et al., 2001). WPAI data were calculated with standard processes (Reilly et al., 1993) to 

provide work absence, loss of productivity at work and total loss of productivity due to 

shoulder pain. The human capital approach was used to estimate the cost of lost 

productivity; work days missed were multiplied by daily income, WLQ total productivity 

loss percentage and WPAI productivity loss were both multiplied by daily income. A 

sensitivity analysis was conducted using the the 2014 All Employees Australian average 

income of AU$61,485 (Australian Bureau of Statistics, 2015).  
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Table 5-2 Input costs 
Costs per unit of service and time of services received in the management of 
participants’ shoulder pain over the 3-month period before attendance, and the 2-year 
period of hospital care, including assumptions made.	

 
Service  

MBS item 
number 

Cost (AU$)* Time^ 
(minutes) 

Travel 
time 

General practitioner  23 37.05 15 A
s recorded by patient # 

Specialist: Initial appointment 
Specialist: Review appointment 

104 
105 

85.55 
43.00 

20 
20 

Physiotherapy 10960 62.25  30 
XRay 57703 54.00 15 
Ultrasound Scan 55808   109.10 40 
CT Scan 56659 112.00 30 
MRI Scan 63325 403.20 60 
Corticosteroid injection 55850 152.85 30 
Massage / acupuncture  NA As recorded  30 

Hospital Care Item ABF Tier 2  Cost (AU$) 

Not applicable as 
calculation of 

hospital care are 
from the 

government 
perspective 

Orthopaedic outpatient clinic 
new 

20.29 232 

Orthopaedic outpatient clinic 
review 

20.29 171 

Orthopaedic screening clinic 40.44 236 
Physiotherapy clinic new 40.09 172 
Physiotherapy clinic review 40.09 176 
Pre-admission clinic 40.07 207 
Surgery and inpatient costs Government reimbursement to hospital applied+ 

MBS: Medicare Benefits Schedule; an Australian Government rebate to subsidise 
healthcare. 
ABF Tier 2: Revenue per appointment from Queensland Health, Health Funding 
Principles and Guidelines 2013-14, Appendix 5: Tier 2 Non-admitted services.  
*Medicare Benefits Schedule rebates were applied, unless participants provided 
details of alternative costs. 
^Where participants recorded a combined time for two investigations, a time of one 
minute was applied to the second investigation.  
#If no travel time was recorded, thirty minutes was applied. 
+Revenue received per episode from Queensland Health, Health Funding Principles and 
Guidelines 2014-15 Australian Refined Disease Related Groups (AR-DRG) Version 7.   
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 Analysis 

	

Questionnaire data were transferred to an electronic database by the research assistant 

and hospital care data were input by an author (DM), with data analysis undertaken using 

SPSS version 24 (IBM, Chicago, IL, USA), with Stata 15 (StataCorp, College Station, TX, USA) 

used to adjust for censored data. From each participant’s reported annual income figure, 

a per-minute cost-of-time was calculated, regardless each individual’s work status; annual 

income was averaged over 365 days for daily income and then converted to a per-minute 

rate (based on an 8-hour day).  This per-minute cost-of-time was used as an opportunity 

cost to monetize the time spent on travelling and attending appointments related to 

shoulder care.  

 

Cost to government of shoulder care provided in the hospital was summed and means 

calculated for one and two years after consultation. Incorporating the first and second 

year cost histories, the ZT Estimator method (Zhao et al., 2001) was used to adjust for 

right censored data obtained from individuals who had not completed care within the two 

year period (Chen, 2015). Costs are reported in Australian dollars (AU$) 2014 values 

(AU$1 ~ US$0.76 ~ €0.69).  

 

 Results  

The characteristics of the 277 recruited participants are described in Table 5-3. We 

received fully completed cost and impact questionnaires from all participants. Of the 127 

participants actively working, 19 were unable to work due to shoulder pain. The 

remainder were either unemployed or retired. Annual incomes were below Australian 

averages, with a mean incomes of AU$40,700.66 (SD 21,075.17) for full time workers 

(n=73), and AU$21,998.72 (SD 12,111.60) for part-time workers (n=54).  
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Table 5-3 Demographic and shoulder pain characteristics of participants 

Participant characteristic (N=277) Mean (standard deviation) 
Age (years) 57.93 (12.96) 
Gender female (%) 49 
Described themselves as working n=127 (%) 46 
Annual income of working participants (AU$) 32580.07 (20053.63) 
Annual income of all participants (AU$) 25439.83 (19017.07) 
Duration of symptoms (months)  21.73 (36.49) 
Days on the orthopaedic waiting list 96.81 (110.47) 
SPADI 58.41 (22.76) 
Worst pain last 3 days VAS 61.41 (24.85) 
Average pain last 3 days VAS 46.01 (23.85) 
EQ-5D-5L health utility score 0.51 (0.28) 

 

Societal cost of shoulder pain in participants on the orthopaedic waiting list: 

Direct Healthcare costs over the 3-month questionnaire period, before attendance, are 

given in Table 5-4. The average daily cost of health care was AU$5.84 per day.  

 

Table 5-4 Direct healthcare costs for all participants, mean cost per patient (n=277) 

Direct healthcare cost item Episodes over 3 
months, mean (SD) 

Cost AU$ over 3 
months mean (SD) 

Consultations 
General Practitioner 2.56 (2.35) 103.62 (95.50) 

Specialist 0.15 (0.49) 19.94 (65.81) 
Physiotherapist 1.18 (2.51) 71.13 (153.98) 
Other therapist 0.96 (3.49) 36.56 (133.39) 

Incidentals*  NA 23.78 (119.30) 
Procedures 

Injection 0.34 (0.66) 46.24 (98.82) 
Investigations 

X-Ray 0.75 (0.55) 41.83 (38.27) 
Ultrasound Scan 0.66 (0.61) 76.80 (79.34) 

CT Scan 0.05 (0.24) 7.16 (33.77) 
MRI Scan 0.07 (0.26) 24.06 (97.33) 

Medications 
DPMQ NA 74.70 (83.42) 

Mean direct costs over 90-day recall period AU$  
Total mean direct costs per day AU$ 

525.83 (405.71) 
5.84 (4.51) 

DPMQ: dispensed price maximum quantity applied to number of days used 
*Incidentals: equipment, braces, gym fees linked to appointments 
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The WLQ, completed by 116 participants, estimated presenteeism due to shoulder pain 

at 7.95% based on the amount of time function was limited. The WPAI, completed by 99 

participants, estimated the severity of work limitation due to the shoulder at 42.25% 

(Table 5-5). Differences in the numbers of participants completing each form related to 

the different wording whereby the WPAI referred to employment and the WLQ referred 

to work. 

 

Table 5-5 Indirect and direct non-healthcare items and mean cost per patient (SD) 

Type of cost, n=277 Amount Daily cost 
AU$ 

Daily cost 
AU$ 

Aust Av 
income& 

Time travelling and at appointments 
(minutes/day) 

4.06 (4.16) 0.65 (0.98) 0.78 (1.15) 

Travel associated costs (fuel, parking)* NA 1.54 (1.58) NA 
Help with personal care minutes / week 26.03 (90.34) 

 

 
Help with cooking minutes / week 50.06 (149.42) 
Help with shopping minutes / week 34.83 (95.67) 
Help with home cleaning minutes / week 60.73 (167.37) 
Help with transport minutes / week 8.41 (31.42) 
Help with transport of dependents minutes 
/ week 

2.44 (27.56) 

Help with other duties minutes / week 13.92 (80.18) 
Personal and domestic support costs total  12.69 (26.31) NA 
Work productivity loss estimates    
All participants who were working or off work due to shoulder, n=146   
Absenteeism  9.94 (20.76) 10.00 (28.21) 11.03 (28.96) 
Work Productivity and Activity Impairment Questionnaire (WPAI)#, n=99  
Absenteeism % 9.82 (27.09) 8.05 (27.09)  
Impairment while working due to shoulder % 42.25 (27.12) 39.12 (34.67) 
Total productivity loss due to shoulder % 45.07 (29.20) 40.59 (36.19) 58.44 (45.97) 
Activity Impairment (work, non-work) % 49.81 (25.94) NA  
Work Limitations Questionnaire (WLQ)^, n=116  
Time management scale score  33.06 (27.75) NA  
Physical scale score 38.61 (24.52) NA 
Mental interpersonal scale score 23.41 (20.03) NA 
Work outputs scale score 29.32 (27.03) NA 
Work productivity loss score (%) 7.95 (5.20) 7.32 (7.11) 10.18 (8.64) 
* applying Australian Tax Office rates to account for vehicle usage 
^ represents the percentage of time the individual felt limited at work 
# represents the severity of work limitation felt by the individual 
&Sensitivity analysis applying 2014 All Employees Australian average income of AU$61,485 to 
all full time workers. 
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The societal cost of shoulder pain per participant was estimated at AU$20.72 per day, 

excluding the cost of work absence and presenteeism for the 277 participants (Table 5-6). 

When the cost of work absence and presenteeism wass included, the cost was AU$38.04 

per person per day for the 116 participants who completed the WLQ, and AU$61.31 per 

person per day for the 99 participants who completed WPAI. The sensitivity analysis using 

the Australian average employee income increased these societal costs to AU$42.06 

(WLQ) and AU$79.29 (WPAI). Indirect costs were the major contributor accounting for 

64% of costs in non-workers and up to 88% of costs in workers (WPAI estimate).  Personal 

and domestic support, work absence and work presenteeism were the main contributors 

to the overall cost (Table 5-6).  

 

Table 5-6 Summary of societal economic burden of shoulder pain (mean per patient on 
the orthopaedic waiting list) 

Item Daily cost 
(AU$) 

Daily cost Aust 
Av income* 

Cumulative 
total daily 
cost (AU$) 

Cumulative 
total daily 
cost Aust 

Av income 
(AU$)* 

Direct healthcare 5.84 NA 
Travel 1.54 NA 
Time 0.65 0.78 
Personal / domestic 12.69 NA 20.72 20.85 
Work absence 10.00 11.03 30.72 31.88 
Presenteeism WLQ 7.32 10.18 38.04 42.06 
Presenteeism WPAI 39.12 NA NA NA 
Presenteeism and 
absenteeism WPAI 

40.59 58.44 61.31 79.29 

* Sensitivity analysis assuming the 2014 All Employees Australian average income of 
AU$61,485. 

 

 The cost to government of hospital care 

	

Table 5-7 presents the cost to government of hospital care within 2 years of initial 

consultation. 62% of participants completed care in the first year, and 16% had not 

completed care at the 2-year mark. Table 5-7 displays the mean costs to government in 

year one and year two. After adjustment for right censoring using the ZT estimator 

method with 3.5% discounting, the total cost to the government of hospital care over the 
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two years was AU$3835.78 (SD 4961.28). The surgical conversion rate was 22%; 61/277 

patients had shoulder surgery (38 in the first year, 23 the second year of care). Two 

required a second surgical episode on the same shoulder. Two other individuals were re-

admitted post-operatively; one due to a fever, the other due to social circumstances. For 

the 63 surgical episodes, the mean cost to the government was AU$8650.41 (SD 4289.74) 

and over the two-year period, surgical procedures constituted 49% of total cost. Surgery 

types were subacromial decompression with or without distal clavicle excision or biceps 

procedure (n=29), rotator cuff repair (n=26), arthroplasty (n=5), labral repair (n=2) and 

manipulation under anaesthesia (n=1).  

 

Table 5-7 Total cost to government of public hospital shoulder care over two-years 
n=277 

Item First year of care 
(AU$)  

Second year of 
care (AU$) 

Two-year total 
(AU$) 

 mean SD mean SD mean SD 
Orthopaedic 
appointments 

577.09 339.97 159.27 288.52 736.36 526.58 

Screening* appointments 72.42 184.63 17.04 121.00 89.46 235.66 
Physiotherapy 
appointments 

710.07 773.17 126.34 367.41 836.40 909.80 

Medical imaging, 
procedures^ 

223.86 297.52 63.28 160.05 287.14 367.52 

Pre-admission clinic 28.40 71.35 17.94 58.34 46.33 88.21 
Surgery 1010.73 2640.81 894.28 3329.48 1905.01 4110.64 
Total 2622.55 3232.06 1278.15 3791.46 3900.70# 5012.08# 

#When adjusted for right censoring using the ZT estimator with 3.5% discounting the mean 
two-year total is AU$3835.78 (SD 4961.28) 
*Extended scope physiotherapy service 
^Includes XRay, Ultrasound Scan, MRI, CT, Ultrasound guided corticosteroid injection 

 

 Discussion  

 

This is the first economic estimate of shoulder pain specific to public orthopaedic care, 

the first in Australia and the first to include presenteeism. Direct comparison with prior 

estimates is problematic as studies were not specific to an orthopaedic shoulder 

population and have not included presenteeism. Notwithstanding this, our results 
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demonstrate that the economic burden of shoulder pain in patients referred to 

orthopaedics is greater than that of general shoulder pain populations and greater than 

what might have been expected from previous estimates (Joo et al., 2017; Kuijpers et al., 

2006; Virta et al., 2012). This has potential policy implications. Queensland non-urgent 

(category 3) referral targets aim for consultation within one year of referral (Queensland 

Government, 2015) and Australian non-urgent surgery within another year (Australian 

Institute of Health and Welfare Royal Australasian College of Surgeons, 2012). Waits for 

initial appointment in much of Australia are commonly over one year (Queensland 

Government, 2015; Tasmanian Government, 2018; Victorian Government, 2016). At 

AU$20.72 per day, we estimate the societal cost of one-year waiting is AU$7563. If that 

individual works, this increases to AU$13,885 (WLQ estimate) or AU$22,378 (WPAI 

estimate). The number waiting for orthopaedic shoulder consultation and waiting periods 

are not reported in the Australian National Outpatient Care Database (Australian Institute 

of Health and Welfare, 2013) and Australian hospital statistics are reported by occasions 

of service (Australian Institute of Health and Welfare, 2017), not by patient or episode. 

Consequently, calculation of the number and waiting period of shoulder patients across 

Australia requires further research beyond the scope of this study. However, considering 

that there are approximately 200 000 patients on specialist outpatient waiting lists across 

Queensland (Queensland Government, 2018) and assuming that orthopaedics accounts 

for approximately 15% of all specialist activity (Australian Institute of Health and Welfare, 

2016), the nation-wide societal cost of public orthopaedic shoulder waiting lists is likely 

to be hundreds of millions of dollars annually.  

 

We found wide variation in symptom duration and waiting times (Table 5-3), in some 

indirect care costs (Table 5-5) and some hospital care costs (Table 5-7), reflecting the 

diverse nature of orthopaedic referrals and the diverse needs of shoulder patients. Similar 

to prior studies (Kuijpers et al., 2006; Virta et al., 2012), we found indirect costs were 

greater than direct costs. However, differences between WPAI (42.25%) and WLQ (7.95%) 

presenteeism makes comparison between studies difficult (Zhang et al., 2011). As the 
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WPAI rates perceived work limitation, while the WLQ captures the time with perceived 

restriction, the two questionnaires measure different aspects of presenteeism, which 

accounts for the discrepancy we found between the two measures. Previously the WPAI 

has rated presenteeism three to fourfold higher than the WLQ (Maksymowych, 2010) and 

in the present study we found a fivefold difference. A gold standard presenteeism 

measurement tool is needed to support consistent estimates of the burden of 

productivity loss at work and meaningful comparison between studies.  

 

This study has demonstrated potential inefficiencies in service delivery that could be 

targeted for reform. Over half of the cost of hospital care in our cohort was generated by 

outpatient services (orthopaedic, physiotherapy consultations and radiology) which 

might be more cost-effectively provided in community settings. A recent South Korean 

study reported higher consultation than surgical costs in subacromial impingement and 

the opposite in rotator cuff pathology (Joo et al., 2017). As these two pathologies often 

co-exist and have been described as synonymous (Lewis et al., 2015), we prefer to not 

distinguish between them. The argument that more should be done to manage shoulder 

pain prior to orthopaedic referral, is supported by our low surgical conversion rate (22%) 

and a previous study which reported that only 25% of shoulder patients (with full-

thickness rotator cuff tears) opt for surgery within 2 years (Kuhn et al., 2013). Possible 

reasons for inefficient orthopaedic shoulder referral in Australia include suboptimal 

management in general practice (Buchbinder et al., 2013) and a lack of treatment options 

including physiotherapy in community settings; subsequently, if General Practitioners run 

out of publicly funded physiotherapy, they may refer to hospital orthopaedic services, 

irrespective of whether surgery is indicated. Regardless of the reasons for this referral 

inefficiency, our data indicate that many patients not in need of surgery, are on 

orthopaedic waiting lists at societal costs of AU$20.72 – 61.31 per patient per day. This 

highlights the potential for efficiency gains with new models of care that better manage 

shoulder pain and more accurately identify surgical candidates in the community, prior to 

orthopaedic referral. 
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This study has some limitations. While cost-of-illness studies can be prospective, 

retrospective (Jo, 2014) or cohort-based (Coduras et al., 2010; Hojman et al., 2017), the 

3-month retrospective impact and costs questionnaire completed by our cohort (for the 

purposes of estimating a daily societal cost on the waiting list), likely provides less 

reliability than might be achieved with a longer and prospective study (Larg et al., 2011). 

We did not capture expenses prior to the three-month recall period and therefore our 

results should not be interpreted as representing a total episode of shoulder pain; an 

alternative methodology such as a prospective prevalence-based study in primary care 

would be required for this.  In keeping with our aim, we have estimated the societal cost 

(represented as a daily amount) in a cohort awaiting orthopaedic consultation and this 

provides insight into potential benefits of reducing waiting periods. Another limitation is 

that our mean annual workers income (AU$32,580) was lower than the 2014 All 

Employees Australian average of AU$61,485 (Australian Bureau of Statistics, 2015), 

potentially causing understimation of cost. However, this may be representative of public 

orthopaedic services in Australia and consequently our results should be used cautiously 

outside the public sector. The sensitivity analysis using the Australian average employees 

salary demonstrates the increase in societal costs with this higher income. Finally, the 

difference in presenteeism estimate between the WPAI and the WLQ increases the need 

for caution in interpretation of results and highlights the need for a gold standard 

presenteeism measurement tool. 

 

 Conclusion 

 

At AU$20.72 per day for non-workers and up to AU$61.31 for workers, public healthcare 

services orthopaedic waiting lists create a large cost burden for society. Furthermore, few 

referrals require surgery and outpatient services consume just over half of hospital care 

costs. New models of care that reduce waiting lists and more accurately identify surgical 
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candidates prior to orthopaedic referral, could decrease the economic burden of shoulder 

pain.  
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 Decision-making  
 

 Introduction 

 

Potential economic gain from professional substitution can only be realised if decisions 

made by a substituted physiotherapist maintain or improve the quality and economic 

impact of care. This chapter addresses research aim 3 (to evaluate the impact of 

substituting an orthopaedic surgeon with a physiotherapist in relation to the assessment, 

management and injection decisions for shoulder pain). It presents comparison of a 

physiotherapist and orthopaedic surgeon’s decisions and addresses key uncertainties 

about physiotherapist decision-making which remained due to the methodological 

limitations of previous research. The population is an unfiltered, representative and 

blinded sample of shoulder pain patients, and the physiotherapist has undertaken training 

in prescribing and injection, thus permitting analysis of a full spectrum of the non-surgical 

components of orthopaedic shoulder care.  

 

 

This chapter is presented with minor additions and formatting alterations for consistency, 

from: 

 
Marks D, Comans T, Thomas M, Ng SK, O'Leary S, Conaghan PG, Scuffham PA, Bisset L: 

Agreement between a physiotherapist and an orthopaedic surgeon regarding 

management and prescription of corticosteroid injection for patients with shoulder 

pain. Manual Therapy 2016, 26:216-222. 
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 Abstract 

 

Background:  

Physiotherapists increasingly manage shoulder referrals in place of orthopaedic doctors. 

Better understanding the agreement between these professionals will help inform the 

safety, quality and potential costs of these care models. 

 

Objective: 

To establish the level of agreement between a physiotherapist and an orthopaedic 

surgeon regarding diagnosis, management and corticosteroid injection, in a 

representative sample of orthopaedic shoulder referrals. 

 

Design:   

Blinded inter-rater agreement study.  

 

Method: 

274 public orthopaedic shoulder patients were independently assessed by a 

physiotherapist and an orthopaedic surgeon. Management, subacromial corticosteroid 

injection, diagnosis and investigation decisions were compared using inter-rater reliability 

statistics.  

 

Results:  

Agreement between the physiotherapist and the orthopaedic surgeon was near perfect 

for surgical versus nonsurgical management (Gwets agreement coefficient AC1=.93, 

95%CI: .90-.93), safety of injection (AC1=.85, CI: .79-.91) and investigations requested 

(AC1=.87, CI: .83-.91); substantial for the presence of subacromial pain (AC1=.74, CI: .66-

.81) and diagnosis (AC1=.72, CI: .66-.78); and moderate regarding delivery of subacromial 

corticosteroid injection as an immediate treatment (AC1=.48, CI .33-.53), with the 

physiotherapist less inclined to select corticosteroid injection as the first intervention. 
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Conclusion: 

In this study a physiotherapist with prescribing and injection training made decisions 

analogous to those of an orthopaedic surgeon at initial consultation for shoulder pain, 

including the safe identification of patients for subacromial injection, without prior 

screening of referrals by orthopaedic doctors.  
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 Background 

 

Musculoskeletal disorders are the second largest cause of global disability (Vos et al., 

2012)(Vos et al. 2012), with prevalence expected to increase as the population ages 

(Murray et al., 2012). As publicly funded health services face growing challenges 

(Department of Health, 2006; Productivity Commission, 2011; The Kings Fund, 2015), 

orthopaedic screening services increasingly provide early access to experienced 

physiotherapists (Comans et al., 2014; Desmeules et al., 2012; Stanhope et al., 2012) for 

assessment and non-surgical management. As the second to third most prevalent 

musculoskeletal disorder (Parsons et al., 2007; Picavet et al., 2003; Taylor, 2005; Urwin et 

al., 1998), shoulder pain is frequently referred for orthopaedic opinion (Buchbinder et al., 

2013; Dorrestijn et al., 2011; Linsell et al., 2006) and often seen by physiotherapists in 

screening services (Queensland Health, 2013) where decisions made by physiotherapists, 

rather than medical doctors, determine patient care. Consequently, information is 

needed about the level of similarity between physiotherapist and orthopaedic surgeon 

decisions, to better understand the safety, service quality and potential costs of emerging 

models of care in which patients are seen by physiotherapists instead of medical doctors.   

 

Prior comparisons of physiotherapist and orthopaedic surgeon decision-making only 

partially represent emerging models of care, as they focused on less complex patients and 

neglected prescribing and corticosteroid injection. Physiotherapists and orthopaedic 

surgeons generally agree on hip and knee diagnosis and management (Aiken, 2008; Aiken 

& McColl, 2008; Desmeules et al., 2013; MacKay et al., 2009) however all but one study 

(Aiken, Harrison, et al., 2008) excluded patients with higher comorbidity or complexity. 

Only two studies have investigated shoulder pain; one had only six shoulder 

participants(Aiken & McColl, 2008) the other reported a Kappa of 0.75 for surgical versus 

conservative management (Diercks et al., 2014; Hambly et al., 2007; James et al., 2005; 

Jowett et al., 2013; Razmjou et al., 2013) and both excluded more complex cases with 

suggestion of infection, metabolic or inflammatory disease, masses, compensation claims 
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or previous surgery. Therefore, no studies have yet compared the shoulder management 

decisions of a physiotherapist with those of an orthopaedic surgeon, across the range of 

presentations that might normally attend an orthopaedic outpatient clinic. This 

knowledge gap has important application to service design, regarding whether it is 

necessary for an orthopaedic doctor to review referrals to select which patients will be 

seen by a physiotherapist. A further knowledge gap relates to corticosteroid injection, a 

common non-surgical treatment for the most prevalent form of shoulder pain caused by 

subacromial pathologies. Presently physiotherapists are only permitted to train in 

prescribing and injection in the UK (UK Government, 2013), with similar models under 

investigation in some other countries (Health Workforce Australia, 2013). No studies have 

yet investigated prescribing and injection decisions of medical doctors compared with 

physiotherapists trained in these procedures.    

 

Therefore, we compared decisions made by a physiotherapist and a consultant 

orthopaedic surgeon in a representative sample of adult shoulder pain referred by general 

practitioners to hospital orthopaedics. Primary aims were to assess agreement regarding 

patient management, selection for subacromial corticosteroid injection and injection 

safety, and describe the reasoning underpinning decision discrepancies. Secondary aims 

were to describe the level of diagnostic and investigation agreement. 

 

 Methods 

	
 Design 

	

A blinded inter-rater decision-making reliability study, as described in the published 

randomised controlled trial (RCT) protocol (Marks et al., 2014) investigating the outcomes 

of subacromial corticosteroid injection delivered by a physiotherapist compared with an 

orthopaedic surgeon, was undertaken on the Gold Coast, Australia between January 2013 

and June 2014. Agreement between the physiotherapist and orthopaedic surgeon was an 

inclusion criteria for the RCT and we have separated the inter-rater decision-making 
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analysis from the RCT to enable it’s full reporting. Other elements within this published 

protocol are reported separately. All participants provided written informed consent and 

were able to withdraw from the study at any point without impact upon their care.  

 

 Ethical approval 

	

Ethical Approval was granted through the Gold Coast Hospital and Health Service Human 

Research Ethics Committee, NHMRC code EC00160 (HREC/12/QGC/30; SSA/12/QGC/97), 

and Griffith University Human Research Ethics Committee (MED/23/13/HREC). The trial 

was registered on the Australia and New Zealand Clinical Trials Registry 21 May 2012: 

12612000532808 

 

 Participants 

	

Adults aged 18 years or over with a new orthopaedic shoulder referral from a general 

practitioner (GP) were recruited from the waiting list, if they were able to read and 

understand the trial literature and provide informed consent, and excluded if they knew 

the assessing physiotherapist or orthopaedic surgeon (eg, from previous consultation) or 

had not received a plain radiograph (X-Ray) of their affected shoulder in the previous 12 

months (in keeping with local referral guidelines).  

 

 Assessors 

	

The physiotherapist (DM) had 19 years musculoskeletal experience including 

qualifications in injection therapy and UK Non-Medical Prescribing. The orthopaedic 

surgeon (MT) was a staff specialist with 20 years of experience and a Fellow of the UK 

Royal College of Surgeons.  

 Centres 
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All participants were seen in orthopaedic outpatient settings, at Gold Coast Hospital and 

Health Service, Australia.  

 

 Intervention (clinical assessments) 

	

After the research assistant gained consent, all participants were independently 

examined the physiotherapist and the orthopaedic surgeon in variable order according to 

assessor availability. Patients were allocated 30 minutes with each assessor with the same 

information; the orthopaedic referral, the electronic hospital record, shoulder X-ray 

report, other results such as diagnostic imaging films and/or reports (MRI, CT, ultrasound 

scans) or pathology results that participants brought to the consultation. Each assessor 

performed a clinical assessment (history and physical examination) and completed a 

standardised assessment form for each participant, which was returned to the research 

assistant upon completion.  

 

 Blinding 

	

Participants were blind to the profession of their assessors (i.e. they did not know which 

clinician was the physiotherapist and which was the surgeon), and were unaware of the 

clinical decisions of the assessors until all assessments had been completed. Assessors 

consulted with participants independently, in separate rooms and were blind to each 

other’s findings. 

 

 Outcome measures 

	

Participant characteristics collected by the research assistant prior to assessment 

included demographics, symptom duration, the Shoulder Pain and Disability Index (SPADI) 

which is a reliable and valid self-rating tool for people with shoulder pain (Angst et al., 

2011; Roach et al., 1991); the worst shoulder pain severity over the past three days via a 
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100 mm visual analogue scale (VAS; 0 = no pain, 100 = worst pain imaginable); and the 

European Quality of Life five dimensions, five levels (EQ-5D-5L), converted to Australian 

values (Norman et al., 2013). Assessors recorded their findings and clinical decisions on 

the paper assessment form. The research assistant was responsible for entry of data into 

the electronic database and coding of free text into categories for analysis. 

 

Primary outcomes investigated management and subacromial corticosteroid injection 

decisions made by each assessor. Management was recorded in two ways: dichotomous 

response (yes / no) to the question “is it appropriate to have initial non-surgical care?”, 

and by free text “proposed management plan” responses. Subacromial corticosteroid 

injection decisions were investigated with dichotomous (yes / no) assessor responses to 

three questions focusing on different considerations within an injection decision: safety, 

“is it safe to offer injection today?”; whether there is symptomatic indication for the 

injection, “do clinical findings support the use of subacromial injection?”; and whether 

injection is the immediate treatment priority, “would you provide subacromial injection 

today?”.  Assessors also recorded reasons for not offering same-day injection via free text 

and under categories of safety, consent, other priority, need for prior investigation, or 

other.  

 

Secondary outcomes were diagnoses and radiology or pathology investigations recorded 

in free text. Diagnoses were assigned to one of eight categories by the research assistant 

(if multiple contributory diagnoses were recorded, the first or primary diagnosis was 

used): 1. subacromial impingement syndrome (SAIS, SIS, bursitis), 2. glenohumeral 

osteoarthritis, 3. acromioclavicular osteoarthritis, 4. adhesive capsulitis, 5. rotator cuff 

tear (distinguished by it being listed above any other factors or requiring surgical repair), 

6. long head of biceps symptoms, 7. instability and / or labral pathology, and 8. pain from 

non-shoulder origin (including cervical referred, systemic inflammatory disorders, 

neurological or sensory disorders). 
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 Sample size 

	

Sample size calculations for the randomised controlled trial within the published protocol 

(Marks et al., 2014), assumed α = 0.05 and power = 0.8 (80%), with a sample of 64 

participants required for the RCT. We anticipated that 25% of all participants assessed, 

would enter the RCT. As all assessed participants would be eligible for the present 

agreement study, 256 were expected and 274 participants were ultimately recruited. This 

number exceeds the largest number of subjects (n=100) previously reported by an inter-

rater orthopaedic and physiotherapy agreement study (Razmjou et al., 2013). It also 

exceeds the number required to detect Kappa values over 0.6 with 90% power, assuming 

a null of Kappa = 0.4 (Sim et al., 2005), and the number required for agreement 

proportions of 30% to 100%, with a relative error of 20% (Gwet, 2010).  

 

 Data analysis 

	

Data were analysed using SPSS software version 22 (IBM, Chicago USA), AgreeStat 2013.4, 

and AgreeStat 2015.5 for Excel (Advanced Analytics; Gaithersburg, MD, USA). Accuracy of 

the free text coding was assessed by two investigators (DM, LB), and at the completion of 

data entry the accuracy of the data entries ensured through comparison of the hard copy 

data and the data on the electronic database for 30 participants (every tenth participant), 

by one investigator (DM). Descriptive statistics were used to describe baseline 

characteristics. Four agreement coefficients were calculated for primary and secondary 

outcomes, to assess the level of agreement (inter-rater reliability) between the 

physiotherapist and the orthopaedic surgeon: Cohen’s Kappa (Sim et al., 2005), 

prevalence and bias adjusted Kappa (PABAK) (Sim et al., 2005), Gwet’s first order 

agreement coefficient (AC1) (Gwet, 2012), and percentage agreement. For free text 

“proposed management plan” responses, frequencies were calculated and presented 

descriptively. Descriptive analysis of disagreements was also undertaken.  
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Kappa is commonly used for inter-rater agreement calculations (Gwet, 2012; Sim et al., 

2005) yet its paradoxes are known to cause low values in the presence of high observed 

agreement (Cicchetti et al.). To overcome this we used PABAK and Gwet’s AC1 which both 

provide different alternative calculations for the agreement by chance (Gwet, 2012). 

PABAK removes bias by bringing the expected agreement to an average value of 0.5 and 

should be interpreted alongside Cohen’s Kappa (Sim et al., 2005) and individual cell data 

(Chen et al., 2009). Gwet’s AC1 removes the agreement by chance (Gwet, 2012) and has 

been recommended for its stability in the presence of high inter-rater agreement 

(Wongpakaran et al., 2013). As previous shoulder inter-rater agreement studies used 

Kappa and PABAK (Razmjou et al., 2013), or Kappa with percentage agreement (Aiken & 

McColl, 2008), we have presented the four measures, to both aid comparison with 

previous research and to demonstrate the consistency of our findings with the different 

measures. We applied the following established scale (Landis et al., 1977) to the 

interpretation of the magnitude of Kappa and AC1 values: <0.2 poor, 0.21 - 0.4 fair, 0.41 

- 0.6 moderate, 0.61 - 0.8 substantial, 0.81 – 1 near perfect agreement.  

 

 Results 

	
988 orthopaedic referrals were screened for eligibility by the research assistant according 

to the published protocol (Marks et al., 2014). Of 305 attending between January 2013 

and June 2014, 278 met the inclusion criteria. Three did not complete assessment at 

completion of the RCT protocol, and one participant with bilateral shoulder pain was 

excluded as the assessors each examined different shoulders. This left 274 participants 

who were examined by the physiotherapist and the orthopaedic surgeon, their 

characteristics are described in Table 6-1.  
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Table 6-1 Participant characteristics (n=274) 

Age years, mean (SD)  57.9 (13.0) 
Gender female % 49.0 
Duration of shoulder symptoms months, mean (SD) 21.7 (36.5) 
Undertaking paid employment % 53.6 
Total SPADI score /100, mean (SD)  58.3 (22.9) 
Worst pain last 3 days 100mm VAS, mean (SD) 61.4 (25.0) 
EQ-5D-5L health utility score, mean (SD)  0.50 (0.29) 

 

 Primary Outcomes 

	
 Management decisions 

	

Table 6-2 shows there was near perfect agreement regarding initial management with 

surgery versus non-surgical care, with the artificially low Cohen’s Kappa (.28) a result of 

prevalence bias from high non-surgical agreement at 253 / 274 (Table 6-3). In the eight 

cases in which the surgeon said no to initial non-surgical care but the physiotherapist said 

yes, the physiotherapist also recommended orthopaedic review for surgery in four cases, 

and MRI in the other four. Conversely in nine cases the physiotherapist felt orthopaedic 

review was needed and said no to initial non-surgical care but the surgeon said yes. In 

seven of these the surgeon opted for corticosteroid injection and recorded that surgery 

would be likely if response to injection was insufficient. In the remaining two cases the 

surgeon wanted to trial physiotherapy initially.  Physiotherapy was the most frequent 

treatment recommendation by both assessors (223/ 274 cases). Overall, the 

physiotherapist recommended physiotherapy treatment in 86% of cases, and the surgeon 

in 91% of cases.  
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Table 6-2 Calculated agreement coefficients for the level of agreement between the 
physiotherapist and orthopaedic surgeon 

 

Cohen’s Kappa PABAK AC1  
%  

agreement 
Value 
(SEM) 

95% CI 
Value 
(SEM) 

95% CI 
Value 
(SEM) 

95% CI 

Initial management* .28 (0.1) .04-.53 .87 (.03) .81-.93 .93 (.02) .90-.93 94 

Safety of injection# .65 (.06) .53-.76 .78 (.04) .71-.86 .85 (.02) .79-.91 89 

Subacromial pain$ .43 (.06) .31-.56 .64 (.04) .55-.73 .74 (.03) .66-.81 82 

Same-day inject^ .42 (.05) .32-.53 .45 (.05) .39-.55 .48 (.05) .33-.53 72 

Investigations& .52 (.07) .38-.66 .85 (.02) .80-.90 .87 (.02) .83-.91 88 

Diagnosis+ .53 (.05) .44-.62 .70 (.03) .64-.76 .72 (.03) .66-.78 74 
*Initial management (surgical / non-surgical) 
# $ ^ Categories: Yes / No 
& Nil, XRay, MRI, CT scan, blood tests 
+ Diagnostic categories: 1. Subacromial impingement syndrome, 2. Glenohumeral 
osteoarthritis, 3. Acromioclavicular osteoarthritis, 4. Adhesive capsulitis, 5. Rotator cuff tear, 
6. Long head biceps symptoms, 7. Instability / labral pathology, 8. Pain of non-shoulder origin. 

Subacromial pain = clinical findings support the use of subacromial injection 
SEM = standard error of the mean; CI = confidence interval, PABAK = prevalence and bias 
adjusted Kappa, AC1 = Gwet’s first order agreement coefficient. 

 

Table 6-3 Management: “is it appropriate to have initial non-surgical care?” 

Ph
ys

io
th

er
ap

is
t  Orthopaedic Surgeon 

 Initial non-surgical Surgical Total 
Initial non-surgical 253 8 261 
Surgical 9 4 13 
 
Total 

 
262 

 
12 

 
274 

 

 Injection decisions 

	

There was substantial to near perfect agreement regarding whether it was safe to inject 

(Table 6-2). Of the 36 cases in which the surgeon felt it was unsafe to inject on the day of 

assessment, the physiotherapist reached the same conclusion in 35 (Table 6-4). In the one 

remaining case, the patient reported being well but test results from recent endoscopy 

were not available on the day of assessment. The physiotherapist rated this as a 
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precaution rather than a contraindication to injection. Conversely in 28 cases the 

physiotherapist perceived a safety barrier, yet the surgeon felt it would be safe to inject. 

The physiotherapist’s reasons were; the possibility of a concurrent infection (such as skin, 

dental, urinary or other) needing further medical review before injection (N=20), possible 

need for prophylactic antibiotics prior to injection due to a prosthetic heart valve (N=3), 

history of possible fracture (N=2), and poor diabetic control (N=1).  

 

Table 6-4 Injection decisions 

 Orthopaedic Surgeon 

Ph
ys

io
th

er
ap

is
t 

Is it safe to inject today? 
 Yes No Total 

Yes 210 1 211 
No 28 35 63 

Total 238 36 274 
Subacromial symptoms present? 

 Yes No Total 
Yes 197 42 239 
No 7 28 35 

Total 204 70 274 
Would you provide subacromial injection today? 

 Yes No Total 
Yes 66 14 80 
No  62 132 194 

Total 128 146 274 
  

There were substantial levels of agreement on the presence or absence of symptoms to 

support the use of subacromial injection (Table 6-2). Again prevalence bias lowers 

Cohen’s Kappa to .43 because of a high incidence of agreement between assessors (Table 

6-4) on the presence of subacromial symptoms (197/274 cases).  

 

There is moderate agreement regarding same-day delivery of subacromial corticosteroid 

injection, Table 6-2. In most cases assessors agreed to provide, or not provide, same day 

injection (Table 6-4). There were 14 cases of disagreement, in which the physiotherapist 

said yes and surgeon said no. The surgeon’s reasons were: eight cases of dual pathology 

in which the surgeon chose to inject another structure over the subacromial space as first 
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priority (long head of biceps sheath in six cases, acromioclavicular joint in two cases); in 

four cases the surgeon referred for initial physiotherapy; and two cases the surgeon 

requested MRI in the first instance.  Conversely there were 62 cases in which the surgeon 

opted to provide same-day subacromial injection but the physiotherapist did not. A 

detailed breakdown of the reasons is contained in Table 6-5. 

 

Table 6-5 Physiotherapist reasons for not choosing same-day subacromial injection, 
when the surgeon did choose to deliver same day subacromial injection 

 
Physiotherapist decision No. Reason provided by physiotherapist (number of cases) 
Physiotherapy treatment 
is higher priority 

17 Spine +/- shoulder physiotherapy treatment (10) 
Shoulder physiotherapy treatment (7) 

Safety concerns prevent 
injection on the day 

15 Symptoms of unrelated infection for medical review (12) 
Patient unable to supply names of a drug being used (1) 
Prophylactic antibiotic consideration-prosthetic cardiac valve (1) 
Allergic skin reaction to another agent already present (1) 

Orthopaedic review 
needed prior to an 
injection 
 

13 Cuff tear for MRI +/- surgical consideration (7) 
MRI shoulder due to diagnostic uncertainty (4) 
MRI cervical spine (1) 
Stable shoulder fracture present, for orthopaedic opinion (1) 

Presentation not likely to 
respond to subacromial 
injection 

5 Significant rotator cuff tear (2) 
Long head of biceps pain source (1) 
Osteoarthritis too significant (1) 
Cervical spine cause (1) 

Other injection is higher 
priority 

5 Long head of biceps sheath (5) 

Consent not gained 4 Patient declined injection when offered by physiotherapist (4) 
Possible inflammatory 
pathology 

3 Blood tests +/- rheumatology referral (3) 

 
 

 Secondary Outcomes 

	

Investigation requests revealed near perfect agreement (AC1=.87) by type (Table 6-2) and 

similar volume (Table 6-6). In 220 cases both assessors agreed that no further 

investigations were required. Overall the physiotherapist recommended no further 

investigation in 226 cases, the surgeon in 245. The physiotherapist recommended MRI in 

42/274 (15%) of cases, the surgeon in 28/274 (10%). In 22 out of the 28 cases both 
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requested MRI, and in four of these cases both assessors requested an MRI and CT scan 

simultaneously for arthroplasty planning. The physiotherapist recommended MRI in 

another 20 other cases when the surgeon didn’t, however in half of these cases the 

surgeon’s plan was to review in six weeks and progress to MRI or surgery if initial 

management had not been successful.  

 

Table 6-6 Investigations requested by each assessor 

       Orthopaedic Surgeon 

Ph
ys

io
th

er
ap

is
t 

  Nil XRay MRI CT Scan Bloods Total 
Nil 220 1 5 0 0 226 

XRay 2 0 1 0 0 3 
MRI 20 0 22 0 0 42 
CT 1 0 0 4 0 5 

Bloods 2 0 0 0 0 2 
Total 245 1 28 4 0  

All participants attended with an XRay report of the painful shoulder less 
than 12 months old. 

 

 Diagnosis 

	

Overall, there was substantial agreement (AC1=0.72) between the two assessors on 

categorised primary shoulder pain diagnoses (Table 6-2). The frequencies with which 

each assessor recorded primary diagnoses in each of the eight diagnostic categories, and 

the agreement between assessors are detailed in Table 6-7. Subacromial impingement 

was the most common primary diagnosis, made by the orthopaedic surgeon in 188 

cases, the physiotherapist in 170 cases, with agreement in 148 cases. Other primary 

diagnoses were recorded less frequently, with varying levels of agreement as detailed in 

Table 6-7.  
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Table 6-7 Diagnosis made by each assessor 

 Orthopaedic Surgeon 
Ph

ys
io

th
er

ap
is

t 
Category  1 2 3 4 5 6 7 8 Total 

1 148 1 3 3 6 6 1 2 170 

2 2 8 0 0 0 0 0 0 10 

3 4 1 7 0 0 1 0 0 13 

4 4 0 0 12 0 0 0 0 16 

5 6 0 0 0 7 0 0 0 13 

6 9 1 0 0 1 5 0 0 16 

7 3 0 0 0 0 0 2 0 5 

8 12 0 3 0 0 1 1 13 30 

 Total 188 11 13 15 14 13 4 15 273 

 

Categories 1. Subacromial impingement syndrome, 2. Glenohumeral 
osteoarthritis, 3. Acromioclavicular osteoarthritis, 4. Adhesive capsulitis, 
5. Rotator cuff tear, 6. Long head biceps symptoms, 7. Instability / labral 
pathology, 8. Pain of non-shoulder origin. 

 

 

 Discussion 

	
Results demonstrate that the physiotherapist makes safe and very similar decisions to the 

orthopaedic surgeon in relation to care delivery, prescription of corticosteroid injection, 

investigation and diagnosis. These findings provide preliminary support for agreement 

between these two professions and have relevance to models of care which complement 

or substitute medical doctors with physiotherapists to improve access for patients, 

service productivity and workforce shortages (Brooks et al., 2008; Comans et al., 2014; 

Duckett, 2005). In previous studies orthopaedic doctors first screened referrals to exclude 

more complex patients and/or those thought more likely to need surgery (Aiken & McColl, 

2008; Bornhöft et al., 2015; Daker-White et al., 1999; Ludvigsson et al., 2011; MacKay et 

al., 2009; Samsson et al., 2014; Weale et al., 1995). We did not exclude more complex 

referrals and therefore our results indicate that an experienced physiotherapist can safely 

and appropriately manage the breadth of GP orthopaedic shoulder referrals, suggesting 

that screening of referrals by orthopaedic doctors prior to physiotherapist assessment 

may be unnecessary.  
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Previously physiotherapists have more frequently recommended education and 

physiotherapy exercises than orthopaedic doctors (Aiken, Harrison, et al., 2008; Daker-

White et al., 1999; Desmeules et al., 2013), yet we found near perfect agreement and 

minimal overall difference in the rate of referral to physiotherapy. Our findings of lower 

injection recommendation rates by the physiotherapist contrast with two previous 

studies (Desmeules et al., 2013; Razmjou et al., 2013). However, ours is the first study to 

investigate this with a physiotherapist qualified to inject and prescribe. Agreement was 

near perfect regarding the safety aspects of injection and substantial regarding the 

presence of subacromial symptoms. Whilst still moderate, agreement was less regarding 

whether to deliver an immediate injection, with 14/274 cases in which the 

physiotherapist chose to inject but the surgeon did not, and 62/274 cases in which the 

surgeon chose to immediately inject but the physiotherapist did not; few of which were 

due to disagreement about whether the presentation may be amenable to subacromial 

injection, but rather reflected different prioritisation of non-surgical treatment options, 

with the physiotherapist less inclined than the surgeon to start with corticosteroid 

injection (Table 6-5). We consider this more conservative approach to injection by the 

physiotherapist to be appropriate, and further research could establish whether this 

finding is a consistent feature of physiotherapy prescribing / injection practice.  

 

This study has some limitations. Generalizability is limited with just one orthopaedic 

surgeon and one physiotherapist. While this is consistent with previously published 

shoulder decision-making comparisons (Aiken & McColl, 2008; Razmjou et al., 2013), it 

means that specific findings may have limited generalizability beyond this study. The use 

of only one physiotherapist was due to the study protocol (Marks et al., 2014) including 

injection by a physiotherapist (reported separately), and as this is not normally permitted 

in Australia, additional qualified physiotherapists were not available. Future research with 

more professionals could verify our findings. Furthermore, intra-professional decision-

making has not previously been reported, and this could provide a more robust basis for 
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inter-professional comparison. A second limitation was the exclusion of participants 

without a reported X-Ray less than 12 months old. This met departmental referral 

requirements and helped prevent clinic delays but also reduced the need for assessors to 

interpret unreported imaging. Thirdly, we were unable to formally randomize the order 

of the participant examination (physiotherapist or surgeon first) due to the practicalities 

of room availability in an outpatient clinic setting. Instead, participants were pseudo-

randomized according to which health practitioner was first available at the time of their 

appointment. Whilst appointments were allocated on a 30-minute basis, we did not 

record actual consultation times. A final limitation is that the collection of follow-up 

clinical outcomes was beyond the scope of the present study. This data could provide 

further insight, particularly in cases of assessor disagreement.  

 

In conclusion, this study compared one experienced physiotherapist qualified in 

prescribing and corticosteroid injection, with one orthopaedic surgeon and found near 

perfect agreement between the two regarding clinical decision making (investigation, 

surgical or non-surgical management and subacromial corticosteroid injection safety) for 

shoulder patients referred to an Australian public hospital orthopaedic department. 

There were differences in the priority given to different non-surgical treatment options, 

with a more conservative approach by the physiotherapist regarding subacromial 

corticosteroid injection as the first and immediate treatment. This study suggests that 

screening of referrals by orthopaedic doctors prior to assessment by a suitably qualified 

physiotherapist may be unnecessary, and found no clinical, safety or cost basis for 

legislative or funding policy impediments to appropriately trained physiotherapists 

selecting and referring shoulder pain patients for subacromial corticosteroid injection.  
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   Injection  

 
 Introduction 

 

Corticosteroid injection is an important non-surgical treatment option for many patients 

with shoulder pain and as such, could be an important component of care delivered in a 

professional substitution model. In the UK physiotherapists are able to obtain the 

qualifications to perform this procedure, yet the efficacy and cost of physiotherapists 

injecting has not been established. In Australia, this practice is currently beyond the scope 

of physiotherapy practice. This chapter addresses research aim 4 (to evaluate the impact 

of substituting an orthopaedic surgeon with a physiotherapist for the delivery of 

subacromial corticosteroid injection), with a non-inferiority RCT and economic analysis 

comparing injection delivery by a physiotherapist with that by an orthopaedic surgeon.  

 

The non-inferiority design provides a novel and robust statistical approach for the inter-

professional comparison. Traditional superiority statistics are less suited to this research 

as they test whether one intervention is superior. In contrast, non-inferiority statistics 

directly address the pertinent service delivery question; is the care as good (equivalent or 

non-inferior) when a physiotherapist provides care instead of an orthopaedic surgeon? 

Combining this with the health economic evaluation, provides a comprehensive picture 

of the impact of professionally substituting the orthopaedic surgeon with a 

physiotherapist. Within this economic evaluation “bootstrapping” is used to estimate 

confidence intervals for the cost-effectiveness ratio. Bootstrapping is a non-parametric 

technique that randomly samples from the original dataset, to create multiple datasets 

which can be used to estimate the shape of a statistic’s sampling distribution (Bland et al., 

2015; Campbell et al., 1999).  

 

This chapter is presented with minor additions and formatting alterations for consistency, 

from: 
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Marks D, Bisset L, Comans T, Thomas M, Ng SK, O'Leary S, Conaghan PG, Scuffham PA: 

Increasing Capacity for the Treatment of Common Musculoskeletal Problems: A Non-

Inferiority RCT and Economic Analysis of Corticosteroid Injection for Shoulder Pain 

Comparing a Physiotherapist and Orthopaedic Surgeon. PLoS One 2016, 11(9):e0162679. 
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 Abstract 

 

Background:  

Role substitution is a strategy employed to assist health services manage the growing 

demand for musculoskeletal care. Corticosteroid injection is a common treatment in this 

population but the efficacy of its prescription and delivery by physiotherapists has not 

been established against orthopaedic standards. This paper investigates whether 

corticosteroid injection given by a physiotherapist for shoulder pain, is as clinically and 

cost-effective as that from an orthopaedic surgeon.  

 

Methods: 

A double-blind non-inferiority randomized controlled trial was conducted in an Australian 

public hospital orthopaedic outpatient service, from January 2013 to June 2014. Adults 

with a General Practitioner referral to Orthopaedics for shoulder pain received 

subacromial corticosteroid and local anaesthetic injection prescribed and delivered 

independently by a physiotherapist or a consultant orthopaedic surgeon. The main 

outcome measure was total Shoulder Pain and Disability Index score at baseline, six and 

12 weeks, applying a non-inferiority margin of 15 points. Secondary outcomes included 

pain, shoulder movement, perceived improvement, adverse events, satisfaction, quality 

of life and costs. 

 

Results:  

278 participants were independently assessed by the physiotherapist and the 

orthopaedic surgeon, with 64 randomised (physiotherapist 33, orthopaedic surgeon 31). 

There were no significant differences in baseline characteristics between groups. Non-

inferiority of injection by the physiotherapist was declared at 6 and 12 weeks (upper limit 

of the 95% one-sided confidence interval 13.34 and 7.17 at 6 and 12 weeks respectively). 

There were no significant differences between groups on any outcome measures at 6 or 
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12 weeks. From the perspective of the health funder, the physiotherapist was less 

expensive.  

 

Conclusions:  

Corticosteroid injection for shoulder pain, provided by a suitably qualified physiotherapist 

is at least as clinically effective, and less expensive, compared with similar care delivered 

by an orthopaedic surgeon. Policy makers and service providers should consider 

implementing this model of care. 
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 Background 

	
Musculoskeletal disorders are the second largest cause of disability globally (Murray et 

al., 2013; Vos et al., 2012). In countries with publicly funded health systems, long waiting 

lists for specialist musculoskeletal care such as orthopaedics, attract much political 

attention (Curtis et al., 2010) and service redesign effort (Department of Health, 2006). In 

response, funding and service modernization in England has led to some improvement 

but up to 5% of patients still wait beyond recommended periods (NHS, 2015). In many 

countries the response has been slower, for example patients seeking orthopaedic 

consultation in Australia’s public hospitals often wait in excess of 12 months (Queensland 

Government Q. H., 2015). Internationally, access problems are expected to intensify as 

the rate of musculoskeletal disorders rise with population ageing (Murray et al., 2012), 

causing increased demand for care and mounting challenges for service providers 

(Department of Health, 2006; Productivity Commission, 2011; The Kings Fund, 2015).  

 

A strategy aiming to improve access for patients (Duckett, 2005), and to reduce cost and 

workforce shortages (Laurant et al., 2004), is the substitution of doctors with other 

healthcare professionals. It has been proposed that lower costs, reduced waiting times 

and improved health outcomes may be achieved when extended-scope physiotherapists 

provide various aspects of musculoskeletal care in place of doctors (Desmeules et al., 

2012; Joseph et al., 2014; Stanhope et al., 2012); however, the supporting evidence is 

generally low quality with conclusions drawn mostly from observational case reports 

rather than robust scientific investigation (Desmeules et al., 2012; Stanhope et al., 2012).  

With a lack of high quality evidence to inform service redesign, regulations, funding and 

delivery structures have evolved with substantial international variability, highlighted by 

the legalisation of independent prescribing by trained physiotherapists in the UK 

(Department of Health, 2009; UK Government, 2013) but not in other countries.  

 

Shoulder pain is a common musculoskeletal disorder that frequently highlights a 

discrepancy between the evidence (which generally advocates non-surgical treatment) 
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and health service delivery (which frequently directs patients to orthopaedic surgery 

waiting lists). It is the second to third most prevalent musculoskeletal condition (Parsons 

et al., 2007; Picavet et al., 2003; Taylor, 2005; Urwin et al., 1998), causes substantial 

physical, social and psychological deficits (Piitulainen, 2012; Smith et al., 2000), reduced 

ability to work and high levels of work absence (Kuijpers et al., 2006; Virta et al., 2012). 

The quality of primary care management of shoulder pain is variable, with a high reliance 

upon specialist referral (Buchbinder et al., 2013), most commonly to orthopaedics 

(Dorrestijn et al., 2011; Linsell et al., 2006). It is also a frequent problem seen by 

physiotherapists providing early access orthopaedic services (Queensland Health, 2013). 

Subacromial impingement syndrome (referred to by various terms including rotator cuff 

disease) is the most common cause (Carter et al., 2011; Lewis et al., 2001) and should 

generally be managed non-surgically, unless symptoms persist despite best conservative 

efforts (Diercks et al., 2014; Robb et al., 2009; Scott et al., 2013). Corticosteroid injection 

(Buchbinder et al., 2003; Diercks et al., 2014; Hambly et al., 2007) and exercises (Diercks 

et al., 2014; Green et al., 2003) are recommended, efficacious and cost effective (James 

et al., 2005; Jowett et al., 2013). Consequently, care may be expedited and possibly 

enhanced, with a medical substitution model permitting patients to access trained 

physiotherapists able to provide all these interventions. This model is now available in the 

UK but the efficacy remains unknown as no clinical trials have yet investigated health 

outcomes resulting from prescribing or shoulder injection provided by physiotherapists 

compared with consultant level doctors or general practitioners. Furthermore, the lack of 

evidence surrounding the safety, efficacy and cost of prescribing and injection by 

physiotherapists may also be preventing other countries from adopting innovative care 

models with the potential to improve patient access to evidence based care.  

 

Therefore, the purpose of this this study was to determine if corticosteroid injection for 

shoulder pain, prescribed and delivered by a physiotherapist, is at least as clinically 

effective as that by a consultant orthopaedic surgeon. To test this hypothesis we chose a 

non-inferiority design, as it is the most appropriate way to investigate a new treatment in 
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comparison to an existing gold standard (D'Agostino, Massaro, & Sullivan, 2003; Piaggio, 

Elbourne, Pocock, Evans, & Altman, 2012). Secondary aims were to compare the safety, 

satisfaction and cost of this care delivered by a physiotherapist compared with an 

orthopaedic surgeon.  

 

 Methods 

	
 Design 

 

A double blind (patient and outcome assessor) non-inferiority randomized controlled trial 

was undertaken in the Gold Coast, Australia, as described in the published protocol 

(Marks et al., 2014). Other elements within this protocol (investigation of the economic 

burden of shoulder pain and the level of decision-making agreement between a 

physiotherapist and orthopaedic surgeon) will be reported separately.   

 

 Approvals and governance 

 

The trial was registered on the Australia and New Zealand Clinical Trials Registry 21 May 

2012: 12612000532808. Ethical Approval was granted through the Gold Coast Hospital 

and Health Service Human Research Ethics Committee, NHMRC code EC00160 

(HREC/12/QGC/30; SSA/12/QGC/97), and Griffith University Human Research Ethics 

Committee (MED/23/13/HREC). Legislative Approval was obtained under Queensland’s 

Health (Drugs and Poison) Regulation 1996, to permit prescribing / injection by the 

research physiotherapist, as this practice is beyond the usual professional scope of 

physiotherapy in Australia. Adverse event reporting and management, and the function 

of the Data Safety Monitoring Committee, are detailed in the published protocol (Marks 

et al., 2014).  

 

 Patients 
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Adults aged 18 years or older were recruited between January 2013 and June 2014, 

providing they had a shoulder pain referral from their primary care doctor to the hospital 

orthopaedic department, the ability to read trial literature and give consent. They were 

excluded if they had prior knowledge of the research physiotherapist or the orthopaedic 

surgeon (eg, from previous interactions or consultation), or no shoulder X-Ray in the 

previous 12 months (in keeping with hospital referral guidelines). Following an initial 

telephone call, potentially eligible patients were offered a clinic appointment at which 

eligibility was confirmed, and written informed consent obtained by the research 

assistant. Prior to randomization, participants were independently assessed by the 

orthopaedic surgeon and by the physiotherapist, on a 30-minute clinic schedule per 

clinician, in variable order (orthopaedic surgeon or physiotherapist first) according to 

clinician availability. Participants were ineligible for randomization if either clinician’s 

assessment revealed that they were taking anticoagulant medication, required 

prophylactic antibiotics prior to injection, were pregnant, breastfeeding, or had previous 

surgery of the involved shoulder. Each clinician recorded a yes/no response to the 

question “would you provide subacromial injection today?” These were compared by the 

research assistant, and only if both clinicians recorded a “yes” response, was the 

participant eligible for randomization. Providing the participant could complete the study 

questionnaires and follow post injection instructions, written informed consent to 

treatment in the study was obtained before they were randomized. In bilateral 

presentations, the painful shoulder identified in the referral was treated. In bilateral 

referrals both sides were assessed, the participant asked to nominate their most 

troublesome side and clinicians made their injection decisions for the most troublesome 

shoulder only. Patients were free to withdraw from the trial at any point, and receive 

usual orthopaedic care. 

 

 Blinding 
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The research physiotherapist (DM) and the orthopaedic surgeon (MT) each had their own 

room labelled “room A” or “room B”, in which all assessments and injections were 

conducted independently. Both were blind to each other’s clinical assessment findings 

and treatment decisions. Participants were blind to the profession of surgeon and the 

physiotherapist at all times throughout the entire trial. The outcome assessor was blind 

to the treating practitioner. Post injection, treatment physiotherapists were asked to not 

seek information regarding the profession of the injecting clinician, not discuss the 

identity or profession of injecting clinicians with participants and to report any breaches 

in blinding to the research assistant. The success of blinding was assessed immediately 

post injection, and at 6 and 12 weeks, when participants and the outcome assessor 

nominated whether they thought the injection was delivered by the physiotherapist or 

the surgeon. The research physiotherapist (DM) and orthopaedic surgeon (MT) took no 

part in the recruitment, consent, randomization, or data collection. 

 

 Randomisation 

 

Using excel software, a computer generated randomization sequence was developed by 

one investigator (LB) and concealed from the research physiotherapist, orthopaedic 

surgeon and outcome assessor. Randomized participants were given a previously sealed 

opaque envelope by the research assistant, which contained a form directing them to 

either “room A” or “room B” for their injection.  

 

 Interventions 

	
 Injection 

 

Subacromial corticosteroid and local anaesthetic (one ml of Betamethasone (Celestone 

Chronodose 5.7mg/mL) mixed with five ml of 1% lignocaine hydrochloride), was delivered 

to the subacromial space using an aseptic injection technique by either the 

physiotherapist (intervention) or the orthopaedic surgeon (control) according to the 
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randomization schedule. Subacromial corticosteroid injection is a common treatment for 

shoulder pain (Mitchell et al., 2005; Murphy et al., 2010), with evidence of clinical efficacy 

(Buchbinder et al., 2003; Hambly et al., 2007) and cost effectiveness (James et al., 2005; 

Johansson et al., 2011). Post injection, standard advice was provided verbally and 

participants were also given written information advising reduced activity for one week, 

attendance at physiotherapy and information pertaining to the recognition and reporting 

procedures for any adverse reactions.  

 

 Physiotherapy 

 

All participants were referred for a course of physiotherapy within the hospital’s 

outpatient physiotherapy department, beginning approximately one week post-injection. 

The research (injecting) physiotherapist (DM) took no part in this course of post-injection 

treatment. Consensus regarding best practice exercise and manual therapy interventions 

used for shoulder pain in the department was established pre-trial and treatment was 

delivered pragmatically, with specific interventions and the number of sessions at the 

discretion of the treating physiotherapist. All treating physiotherapists were directed to 

not deliver acupuncture to participants and adherence to this was monitored by the 

research assistant.  

 

 Clinicians providing injections 

 

The research physiotherapist (DM) had 19 years post-graduation experience in a variety 

of musculoskeletal settings, a post-graduate Diploma in injection therapy and Non-

Medical Prescribing registration obtained in the UK. The orthopaedic surgeon (MT) was 

20 years post-graduation, employed as a Staff Specialist Orthopaedic Consultant and was 

a Fellow of the UK Royal College of Surgeons (Trauma and Orthopaedics), and in 2005 was 

the recipient of an Australian Upper Limb Orthopaedic Fellowship.   
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 Outcome measures 

 

In addition to participant demographics, the usual waiting time for an initial appointment 

with an orthopaedic surgeon and for an appointment with an orthopaedic screening 

service physiotherapist, were taken at baseline from hospital databases. The primary 

outcome measure was the total Shoulder Pain and Disability Index (SPADI) score 

measured at baseline, 6 and 12 weeks post injection. This self-rating tool has 

demonstrated reliability and validity in shoulder pain trials (Angst et al., 2011; Roach et 

al., 1991), including the efficacy of corticosteroid injection (Crawshaw et al., 2010; 

Ekeberg et al., 2009). It uses a one week recall period and has 13 questions with a scale 

of 0 – 10, divided into pain (five questions) and disability (eight questions). These are 

scored as two separate subscales and an overall score varying from 0 (best) to 100 (worst) 

is calculated (Roach et al., 1991). Secondary outcomes also measured at initial 

attendance, six and twelve weeks, were pain severity over the past three days measured 

on a visual analogue scale (VAS); health related quality of life using the European Quality 

of Life five dimensions, five levels (EQ-5D-5L) and a five-point Global Rating of Change 

(GROC) scale varying from completely recovered (1) to much worse (5). The latter two 

have previously demonstrated sensitivity to changes in shoulder pain following 

subacromial corticosteroid injection (James et al., 2005; Johansson et al., 2011). Within a 

period of 20 minutes before and 20 minutes after injection, the blinded outcome assessor 

also measured shoulder range of motion three times in the scapular plane with a 

goniometer, by instructing the participant to “take your arm up as far as you feel able”. 

Participants also rated the severity of their pain (‘worst pain’ and ‘mean pain’) during 

shoulder elevation on a 0-100 VAS anchored by “no pain” (0) and “worst pain imaginable” 

(100). Medicine use was recorded at baseline and twelve weeks, any adverse events 

reported over the twelve weeks post injection were recorded and at twelve weeks 

participants also rated their overall satisfaction with care on a 0-10 VAS anchored by “not 

satisfied at all” (0) to “completely satisfied” (10). The number of post injection 

physiotherapy sessions was obtained from hospital booking systems.  
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  Sample size calculation 

 

Assuming α = 0.05, β = 0.2, a non-inferiority margin of 15 points in total SPADI scores, we 

estimated a sample size of 64 participants (32 per group) to allow for dropouts, would be 

required to test for comparative efficacy between the intervention (injection by 

physiotherapist) and the control (injection by orthopaedic surgeon) groups. Detailed 

explanation of the sample size calculation, and non-inferiority margin selection, are 

contained in the published protocol (Marks et al., 2014). By using the generalised 

estimating equation (GEE) approach for repeated measures, this sample size provides the 

study with an increased power of above 90%.  With reference to Figure 7-1, it means that 

the difference in mean SPADI scores between the two groups should be at most 5 points 

in order that the upper limit of the one-sided 95% confidence interval is smaller than the 

selected non-inferiority margin (Scenario C). We anticipated 256 participants would be 

assessed to achieve this, based on an estimate of 25% of participants being randomized.  

  



	

	
123	

	

Figure 7-1 Possible scenarios of treatment differences and interpretation of non-
inferiority results 
Error bars indicate two-sided (1-2 α) x 100% confidence intervals, where α is the Type I error 
rate. The zone of non-inferiority is to the left of the non-inferiority margin. Scenario A, new 
treatment is superior as the CI lie to the left of zero. Scenarios B and C, new treatment is non-
inferior but not superior as the CI lie to the left of the non-inferiority margin and include zero. 
Scenario D, represents an unusual circumstance in which the new treatment is both non-inferior 
(as defined by the non-inferiority margin), and inferior (as defined by exclusion of the null 
treatment difference). This can result from a very large sample size, or a non-inferiority margin 
that is too wide. Scenarios E and F, the difference is non-significant but non-inferiority is 
inconclusive. Scenario G, represents a significant result but non-inferiority is inconclusive. 
Scenario H, inferior as the CI lie to the right of the non-inferiority margin. Adapted from Piaggio 
et al 2012 and 2006 (Piaggio et al., 2006; Piaggio et al., 2012). 
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 Statistical Analysis 

	

Data analysis was conducted using SPSS software version 22, with the analyst (DM) 

blinded to the identity of the treatment and control groups (labelled as group 0 and group 

1). All tests were conducted with an alpha of 0.05, on an intention to treat (ITT) basis and 

non-inferiority tests were performed in both directions (group 0 relative to group 1, and 

vice-versa). The analyst was then unblinded to determine the per-protocol population and 

analysis. Per-protocol analysis was compared to ITT analysis for non-inferiority tests due 

to the increased risk of type 1 error with ITT analysis in non-inferiority design (Brittain et 

al., 2005; Piaggio et al., 2006; Piaggio et al., 2012).  

 

For the primary outcome (SPADI) the intervention (physiotherapist) was tested for non-

inferiority compared to the control (orthopaedic surgeon) using the generalized 

estimating equation (GEE) with a first order autoregressive working structure (AR1) and 

robust estimator for covariance matrix. Time (within-group differences), practitioner 

(between-group differences), and practitioner by time interaction (between-group 

differences over time) were included in all models and assessed using the Wald chi-square 

test. Non-inferiority of injection by the physiotherapist could be declared if the upper limit 

of the 95% one-sided confidence interval for the difference in mean change of SPADI in 

the physiotherapist group, relative to the surgeon group, was smaller than the non-

inferiority margin of 15 points (D'Agostino et al., 2003; Mascha et al., 2011). Secondary 

outcome measures were compared for superiority; between group change scores for 

pain, EQ-5D-5L health utility scores using GEE and independent t-tests. GROC was 

compared on the day of injection, 6 and 12 weeks using Mann-Whitney U. Changes in 

shoulder medication use at 12 weeks were categorised (1=stopped, 2=reduced, 3=no 

change, 4=increased) and analysed using Mann-Whitney U. Adverse events were 

presented descriptively, satisfaction with the treatment and the number of physiotherapy 

sessions were compared at 12 weeks using independent t-tests.  
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A within trial economic analysis with a 12 week time horizon, from the perspective of the 

health funder (Commonwealth and State governments), was undertaken and the 

incremental cost utility ratio estimated as: Cost-utility = (Cost_i – Cost_c) /(QALY_i – 

QALY_c), where: QALY = Quality adjusted life years calculated by mapping the EQ-5D-5L 

utility score across time and calculating the area under the curve, i = Intervention group 

for main effect analysis, and c = Control group. EQ-5D-5L scores were converted to 

Australian values using previously published Australian population data (Norman et al., 

2013). Inputs included direct staff costs derived from Queensland Government pay scales 

and total employment package costs to the employer (Queensland Government, 2014a, 

2014b)  for the injecting physiotherapist, orthopaedic surgeon and treating 

physiotherapists. A sample of 10,000 bootstraps was used to estimate the confidence 

interval around the incremental cost and effectiveness ratio. One-way sensitivity analyses 

were conducted to identify the key factors affecting the results, including physiotherapist 

pay rates and consultation time, support staff and a federal government reimbursement 

to the hospital, applicable only to consultation with a medical doctor (Australian 

Government Department of Health, 2015). 

 

 Results 

	
A total of 988 referrals on the orthopaedic waiting list were screened for eligibility by the 

research assistant. Of these, 305 attended a clinic appointment over the 17-month period 

between January 2013 and June 2014, of which 278 were assessed by the physiotherapist 

and surgeon before the target randomization sample size of 64 was achieved. This process 

and the reasons for exclusion are detailed in Figure 7-2.  
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Figure 7-2 Study flow diagram 

 

Baseline characteristics were similar in both groups, and although the orthopaedic 

surgeon group reported longer duration of symptoms, slightly higher SPADI score and 

slightly more pain over the previous three days, there were no significant differences 

between the two groups in any baseline characteristics, Table 7-1. Compliance with the 

study protocol was high (Figure 7-2). One participant in the physiotherapist group 

reported difficult social circumstances, did not attend post injection physiotherapy or 

complete six or 12 week outcome information. One participant in the orthopaedic 

surgeon group withdraw from the trial and did not supply 12-week outcome 

information. Imputation of missing data was deemed unnecessary due to the low 
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numbers with missing data and the use of the GEE, which accounts for missing 

observations (Twisk et al., 2002). Two participants (one from each group) were not 

included in the per-protocol analysis; one randomized to the physiotherapist group 

mistook the instruction within the sealed envelope, entered the wrong clinical room and 

received injection from the surgeon, instead of the physiotherapist. One other subject 

revealed they were un-blinded because they knew the surgeon from prior consultation 

with a family member. Both participants’ results were included within their allocated 

group according to the randomization schedule for the intention to treat analysis. Post-

injection physiotherapy was intended to be pragmatically delivered and consequently 

low attendance was not considered a protocol breach.  

 

Participants in the physiotherapist group correctly guessed the profession of their 

injection provider 60% of the time at baseline, 68% at six weeks and 56% at 12 weeks. In 

the orthopaedic surgeon group, the profession of the injection provider was correctly 

guessed 68%, 71% and 60% at those time-points. This indicates participants were able to 

guess the clinician’s profession slightly more than would be expected by chance. It also 

indicates there was no systematic unblinding that occurred over the 12-week trial. The 

blinded outcome assessor (responsible for measuring range of movement within 20 

minutes pre and post injection) correctly guessed the profession of the clinician providing 

injection in 79% and 74% of cases for the physiotherapist and surgeon group respectively.  
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Table 7-1 Baseline characteristics of randomised participants 

Baseline characteristics Physio  
(n=33) 

Surgeon 
(n=31) 

p-
value* 

Age (years) mean (SD)  59.42 (10.49) 63.06 (10.07) 0.16 
Gender female (%) 19/33 (57) 15/31 (48) 0.47 
Duration of symptoms (months) median IQR 7 (4 – 18) 10 (4 – 24) 0.29^ 
Working (%) 17/33 (52) 15/31 (48) 0.81 
Prior injections involved shoulder, mean (SD) 0.64 (0.70) 0.77 (0.85) 0.48 
SPADI, mean (SD)  59.23 (19.90) 66.25 (17.74) 0.14 
Worst pain last 3 days, VAS mean (SD) 60.00 (26.24) 69.26 (20.51) 0.12 
Average pain last 3 days, VAS mean (SD)# 47.10 (26.05) 57.84(21.35) 0.09 
EQ-5D-5L health utility score, mean (SD)  0.54 (0.27) 0.45 (0.28) 0.23 
*Independent sample t-test with 95% confidence intervals 
^ Independent samples Mann-Whitney U 
# data missing for 5 subjects 
IQR=interquartile range, VAS=visual analogue scale 

 

 Primary outcome 

	

Table 7-2 details the change in mean SPADI scores at 6 and 12 weeks compared to 

baseline. Mean total SPADI scores improved significantly in both groups at 6 and 12 weeks 

(p<0.001). Improvement was greater in the surgeon group at 6 weeks and greater in the 

physiotherapist group at 12 weeks but between group differences did not reach 

significance. Non-inferiority of the physiotherapist compared to the orthopaedic surgeon 

was declared at both 6 (Figure 7-1 scenario C) and at 12 weeks (Figure 7-1 scenario B), as 

the upper limit of the one-sided confidence interval fell below the non-inferiority margin 

of 15 SPADI points (13.34 and 7.17 at 6 and 12 weeks respectively). This outcome was 

consistent across intention to treat and per-protocol analyses. SPADI pain and disability 

subscale and change scores, at both 6 and 12 weeks revealed no significant differences 

between groups (data not shown, available from corresponding author). 
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Table 7-2 Primary outcome: total Shoulder Pain and Disability Index 

 Physio  Surgeon  t-test  GEE 

 

Change from 
baseline 
Mean (SD) 

Change from 
baseline 
Mean (SD) 

Difference in change 
score. Mean (two-
sided 90% CI)* 

p-
value 

Difference  
Physio - surgeon 
(two-sided 90%CI)* 

Intention to treat analysis 
6 
weeks  

N=32  N=31    
-22.46 (23.43) -25.87 (22.48) 3.41 (-6.25 to 13.08) 0.59 3.96 (-5.41 to 13.34)* 

 
12 
weeks 

N=32 N=30    

-29.40 (31.04) -24.46 (26.47) -4.93 (-17.21 to 7.34) 0.50 -4.65 (-16.46 to 7.17)* 
 
Per-protocol analysis 
6 
weeks 

N= 31 N=30    
-22.93 (23.66) -25.84 (22.87) 2.90 (-7.06 to 12.86)  0.63 3.49 (-6.17 to 13.14)* 

12 
weeks 

N=31 N=29    
-31.14 (29.92) -24.67 (26.91) -6.47 (-18.87 to5.84) 0.38 -6.14 (-18.02 to 5.73)* 

* Non-inferiority of the physiotherapist compared to the surgeon declared as the upper limit of the 
two-sided confidence interval (which is equivalent to the one-sided 95% confidence interval) does 
not exceed 15. This equates to scenario C (Figure 7-1) at 6 weeks, and scenario B (Figure 7-1) at 12 
weeks. 
GEE = generalised estimating equation 

 

 Secondary outcomes 

	

Table 7-3 details the secondary outcome measures. Hospital data showed that in usual 

service delivery, patients would have waited significantly longer to see the orthopaedic 

surgeon (356 days) than to see the physiotherapist (119 days). With the exception of the 

GROC on the day of injection (significant result in favour of the physiotherapist), there 

were no significant differences between intervention groups at any point in terms of 

safety, clinical efficacy, patient satisfaction or resource usage (post-injection 

physiotherapy treatment and medication use). No serious adverse events were reported 

throughout the trial. One subject injected by the surgeon reported self-limiting symptoms 

of headache and mild confusion for approximately two weeks following injection. One 

subject injected by the physiotherapist reported symptoms of headache and a rash 

(torso). These symptoms resolved without treatment and as they had not appeared until 

two days after the injection, a causative relationship to the injection was not established.  
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Table 7-3 Secondary outcome measures 

  Physio   Surgeon   

 Week Mean (SD) Mean (SD) 
Mean difference 
(95% CI) 

p-
value+ 

Worst pain - change from 
baseline  (100mm VAS) 

6  -10.58 (34.33) -21.23 (26.71) 10.65 (-4.88 to 26.19) 0.18 
12 -25.97 (35.46) -20.16 (37.73) -5.8 (-24.41 to 12.78) 0.53 

Av. pain - change from 
baseline (100mm VAS) 

6  -14.87 (31.36) -16.51 (25.61) 1.65 (-13.47 to 16.77) 0.82 
12  -22.55 (30.28) -17.19 (30.90) -5.36 (-21.62 to 10.89) 0.51 

Health utility - change 
from baseline EQ-5D-5L 

6  0.14 (0.24) 0.15 (0.20) 0.01 (-0.12 to 0.10) 0.86 
12  0.18 (0.25) 0.07 (0.24) 0.11 (-0.01 to 0.24) 0.07 

 
GROC*^ (Mean rank) 

0 23.65 37.04 N/A 0.001 
6  31.63 32.39 N/A 0.83 
12  30.02 34.05 N/A 0.31 

Satisfaction (10cm VAS) 12  9.64 (0.73) 9.55  (0.76) 0.09 (-0.30 to 0.47) 0.65 
Physio appointments  12  5.03 (1.60) 4.52 (2.20) 0.51 (-0.45 to 1.84) 0.29 
Adverse events 12  1 non-serious 1 non-serious N/A N/A 
Medication change $*  
(Mean rank) 12  32.77 32.21 N/A 0.87 
Post-injection ROM gain 
(degrees) 0 13.40 (11.55) 14.38 (16.02) 0.97 (-5.97 to 7.91) 0.78 
Post-injection ROM gain 
at pain onset  0 31.05 (29.85) 38.51 (30.87) 7.47 (-7.70 to 22.64) 0.33 
Post-injection worst pain 
reduction VAS 0 29.91 (26.93) 38.51 (29.70) 8.61 (-5.54 to 22.76) 0.23 
Post-injection av. pain 
reduction VAS 0 23.36 (24.67) 28.82 (23.85) 5.44 (-6.70 to 17.58) 0.37 
Usual days wait for 
appointment @ 0 119.0 (28.59) 356.42 (113.08) 237 (261.96 to 212.79) <0.001 
* Mann-Whitney U test 
^ 5 point scale; 1= completely recovered to 5= much worse 
$ categories of pain medicine use at 12 weeks; 1=stopped, 2=reduced, 3=same, 4=increased  
+ p values form t-Tests, unless otherwise stated 
@ Usual waiting list duration (in days at the time of injection) for an appointment with physio and 
surgeon 

 
 

 Health economic evaluation 

	

Labour costs per 30-minute consultation period were calculated to be $86.99 for the 

surgeon, $32.04 for the injecting physiotherapist and $29.21 for physiotherapists 

providing post injection treatment. As there was no appreciable difference between the 

groups in change of medicines usage (Table 7-3), this cost variable was omitted from the 

calculation. Results of the health economic analysis are contained in Table 7-4. The base 

case calculation (from the health funder perspective over a 12-week time horizon) reveals 
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that the physiotherapist is the dominant option; the physiotherapist is both less 

expensive, and as or more effective than the orthopaedic surgeon. One-way sensitivity 

analyses (Table 7-4) reveal the stability of the dominant result for physiotherapist 

injection with doubling of the physiotherapist consultation time, increased 

physiotherapist remuneration and with incorporation of additional staff for the 

orthopaedic clinic. The first 1,000 bootstrapped estimates plotted in Figure 7-3, all fall 

within the dominant south east quadrant of the plot demonstrating that the effect was 

consistently better and at lower cost compared with the orthopaedic surgeon. From the 

hospital perspective, the physiotherapist was slightly more expensive than the 

orthopaedic surgeon (incremental cost of $29) due to an Australian Government payment 

(Medicare) for services provided by doctors, which effectively subsidises the orthopaedic 

surgeon for the hospital. However, the physiotherapist also produced a slightly greater 

incremental QALYs score over the 12-week period (0.03), resulting in an ICER of $989. This 

indicates that for every additional QALY gained, the cost to the hospital is $989. This result 

is well below a conservative willingness to pay threshold (WTP) of AUD$50 000 per QALY 

(Shiroiwa et al., 2010), indicating that the physiotherapist is still cost effective. 
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Figure 7-3 Plot of the first 1,000 bootstrapped estimates 

Shows the incremental cost estimates per consultation and the incremental QALYs for 
the physiotherapist. All estimates place the physiotherapist as the dominant option with 
greater QALYs and cost saving.  
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Table 7-4 Health economic evaluation; base case and one-way sensitivity analyses 

Base case calculation Physio Surgeon 

 
Increme
nt 

 
ICER*  
Mean (95% CI) 

Labour cost (30min) $32.04 $86.99 N/A  
Base case effect - QALYs 
mean (SD) 0.16 (0.05) 0.13 (0.06) 0.03 

Dominant 
Base case total cost  
mean (SD) $179 (46.62) $214 (66.42) -$35 

 
One-way sensitivity analyses 
Hospital perspective     
- include Medicare 
rebate^ $179 $150 $29 

$989 ($365 to 
$1839) 

 
Physiotherapist pay level        
 - increase one grade $182 $214 -$32 Dominant 

 
Clinic support staff     
 - orthopaedic clinic nurse $179 $238 -$59 Dominant 

 
Physiotherapist  
consultation time         
- Increase to 60 minutes $211 $214 -$3 Dominant 
*10,000 sample bootstrapping 
^ Federal Government Medicare rebate Item 104 ($64.20) only applicable to doctors 
ICER: incremental cost effectiveness ratio. QALY: quality adjusted life year. 

 

 Discussion 

	
This is the first study to compare outcomes following the prescription and delivery of 

corticosteroid injection for the management of shoulder pain by a physiotherapist with 

the ‘gold standard’, the consultant orthopaedic surgeon. Results demonstrate equal or 

better improvement in total SPADI scores compared with previous studies of 

corticosteroid injection in a similar population (Crawshaw et al., 2010; Ekeberg et al., 

2009) and also demonstrate that clinical outcomes were not inferior when the 

intervention was delivered by the physiotherapist compared with the orthopaedic 

surgeon at both the 6 and 12 week follow-up periods. Furthermore, the physiotherapist 

was less expensive than the surgeon. From a clinical and health services perspective, 

these findings indicate that for conditions such as shoulder pain that may not require 
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surgery, care may be enhanced and expedited with physiotherapist prescription and 

delivery of injections if clinically indicated. This model creates potential for a seamless 

care pathway, as a physiotherapist also possesses skills in exercise prescription, which is 

also recommended within the management of these conditions (Diercks et al., 2014; 

Green et al., 2003).   

 

Although conducted in the Australian health system, the findings have relevance to 

musculoskeletal service delivery internationally. Whilst already available in the UK, a 

physiotherapy-led model of care has not previously been subjected to robust 

investigation or comparison with a consultant orthopaedic surgeon. Our results validate 

these models of care and suggest medical and public confidence in the ability of trained 

physiotherapists to safely and effectively provide corticosteroid injection is warranted. 

 

This study has addressed some inadequacies of previous research comparing 

corticosteroid injection delivered by physiotherapists to that delivered by medical 

practitioners. Previous studies have not been specific regarding the inclusion of shoulder 

conditions or injection site (Hattam et al., 1999; Hockin et al., 1994; Weale et al., 1995), 

or injection was only a small element within a multi-modal treatment arm (Weale et al., 

1995), or the profession of the individual delivering the injections was unclear (Daker-

White et al., 1999), or sub-consultant doctors provided the control group (Daker-White 

et al., 1999; Weale et al., 1995). One factor that is common between past studies (Hattam 

et al., 1999; Resteghini, 2003; Weale et al., 1995) and our current study, however, is the 

absence of any reported serious adverse events. Our study is therefore the first to 

comprehensively investigate and demonstrate safety, clinical efficacy, cost benefit and 

patient satisfaction, with physiotherapist prescribing and injection compared to a 

surgeon, for the management of shoulder pain. Furthermore, in previous musculoskeletal 

professional substitution research, professional equivalence has been claimed on the 

basis of a non-significant result. This is not justified because it may result from a lack of 

power or include confidence margins that extend beyond a clinically acceptable limit 
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(Mascha et al., 2011). Non-inferiority demonstrates equivalence in the relevant one sided-

confidence interval (in this case the upper limit as higher scores on SPADI indicate a worse 

outcome) supporting our claim that care from the physiotherapist is “not worse” or “at 

least as good” (Mascha et al., 2011) as that from the orthopaedic surgeon. This approach 

is common in the pharmaceutical literature but to our knowledge this is the first study to 

apply non-inferiority to a professional substitution hypothesis.  

 

We did not record the exact time each clinician spent with patients, however both 

clinicians worked to the same clinic schedule of 30-minute consultation times. We 

consider our assumption of equal overall costs of a physiotherapist clinic compared to an 

orthopaedic surgeon clinic to be conservative because in practice consultant clinics tend 

to have greater support staff such as nurses. Our measure of the usual waiting time to see 

the orthopaedic surgeon is also conservative because hospital data is retrospectively 

calculated from the waiting time of patients seen each month. As lower priority patients 

remain on the waiting list without being seen, true prospective waiting times may be 

much longer. The physiotherapist in this trial acted independently regarding decisions and 

delivery of corticosteroid injection, yet outside the UK this level of autonomy is generally 

beyond the scope of physiotherapy practice. Therefore, the findings of this study have 

policy implications for medicines legislation and health funding. The potential for public 

healthcare benefit from innovative new models, can only be realised if the legal and 

funding barriers to its implementation are removed. Our expectation is that optimum 

service efficiency for this patient population will result from a multidisciplinary team, 

which includes general practitioners, physiotherapists, orthopaedic surgeons and 

rheumatologists working autonomously within an integrated outpatient musculoskeletal 

pathway. Details such as the optimal proportion of physiotherapists compared with 

doctors in such a pathway would depend upon local demand variables, and further 

research is needed to provide a wider societal perspective of the health economic impact 

of professional substitution within such a pathway.  
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This study has some limitations. Firstly, having only one clinician in each treatment arm 

potentially reduces the generalisability of results. This situation was a direct consequence 

of the innovative nature of the research; prescribing and injecting by physiotherapists is 

beyond Australia’s legislative framework, and the physiotherapist (DM) had to 

demonstrate competency and experience by drawing upon overseas (UK) experience. In 

the absence of domestic legislative, curriculum or education frameworks for prescribing 

and injection by physiotherapists, additional suitably qualified physiotherapists were not 

available. Secondly, while adequate, our sample size was not large which allowed us to 

balance the resource and time challenges associated with conducting pragmatic clinical 

research in a public outpatient setting. Selection of a lower non-inferiority margin would 

have increased the required sample size and risked the success of recruitment without 

appreciable gains in statistical conclusions. Our use of a repeated measures design and 

the GEE approach helped provide an increased and sufficient power to detect non-

inferiority (such as the achieved scenarios B and C in Figure 7-1). Confidence in our results 

is further strengthened by the absence of very wide confidence intervals (scenarios E or 

F Figure 7-1) associated with an inadequate sample size. Furthermore, greater numbers 

of participants would only decrease the confidence intervals and strengthen our non-

inferiority conclusion (such as Scenarios A or D in Figure 7-1). Thirdly, we chose a 12-week 

endpoint as prior research suggests the effect of corticosteroid is greatest in the short-

term (Buchbinder et al., 2003) and whilst we feel this time period was adequate to test 

our hypothesis, a longer-term follow up could be considered in future research. Finally, 

our findings apply to a shoulder pain population and extrapolation to other orthopaedic 

or musculoskeletal populations should not be assumed. Previous research has suggested 

physiotherapy care fares well in comparison to usual orthopaedic care in mixed, knee, hip 

and back pain populations (Daker-White et al., 1999; Overman et al., 1988; Samsson et 

al., 2014; Weale et al., 1995) however these studies have design limitations and therefore 

validation of our findings in other patient groups may help clarify optimal service delivery 

models.   
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 Conclusions 

	
A suitably qualified physiotherapist is able to prescribe and deliver corticosteroid injection 

for shoulder pain as least as effectively, and at less expense than a consultant orthopaedic 

surgeon. In the UK, where existing laws permit this practice, these findings support the 

employment of physiotherapists to provide these services. These findings also suggest 

that policy makers and service providers elsewhere should consider adopting this model 

of care.   
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    Discussion 

 

 Overview 

 

This thesis investigated the economic burden of shoulder pain and the health and 

economic impact of substituting an orthopaedic surgeon with a physiotherapist in its 

management. Despite being beyond the present scope of physiotherapy practice in 

Australia, the physiotherapist role investigated in this thesis included prescription and 

delivery of subacromial corticosteroid and local anaesthetic injection, to assess the impact 

of this emerging yet previously under-researched extension to physiotherapist’s scope of 

practice. Clarification of the health economic impact of this model of care was needed to 

aid policy and service design. The research presented confirms that existing publicly-

funded and provided orthopaedic shoulder care services in Australia lacks economic 

efficiency, that a physiotherapist makes decisions akin to those of an orthopaedic surgeon 

and furthermore can provide non-surgical care less expensively than an orthopaedic 

surgeon. Therefore, this thesis validates advances to physiotherapist roles in the UK, 

supports an expanded role for physiotherapists in Australia and the substitution of 

orthopaedic doctors with physiotherapists, to aid the provision of efficient orthopaedic 

shoulder care. Table 8-1 provides a synopsis of each chapter’s original contributions. 
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Table 8-1 Chapter Synopsis 

Chapter and aim Content Key findings and summary of original contributions  
 

1 Introduction 
 

 
 
Context of the thesis, 
conceptual and 
structural model. 

An expanded role for physiotherapists may aid efficient management of shoulder pain: 
 
The optimal role for a physiotherapist in contemporary orthopaedic shoulder care is 
unclear. Shoulder pain provides a clinical platform upon which to investigate the 
professional substitution of orthopaedic doctors with physiotherapists.  
 

2 Background 
	
	

 
 
 
Orthopaedic shoulder 
care, professional 
substitution and 
thesis aims. 

Physiotherapist roles and professional substitution involves clinical, economic and 
patient considerations: 
 
The efficiency of public healthcare services offering orthopaedic shoulder care and the 
economic burden of shoulder pain referred to orthopaedics are unclear. Whilst involved 
and potentially complex, shoulder assessment, diagnosis and non-surgical management 
(including the prescription and delivery of corticosteroid injection), may be aided by 
professional substitution of doctors with physiotherapists, however investigation of the 
clinical and economic impact of this practice has lacked scope and rigor. Evaluation of 
professional substitution requires consideration of its safety, efficacy, economic 
efficiency and patient satisfaction. 
 

3 Literature Review 
 
 
Aim 1: Synthesize the 
evidence for the 
substitution of doctors 
with physiotherapists 
in the management of 

 
 
 
Systematic review of 
prior literature that 
has compared care 
delivered by doctors 
and physiotherapists 

Methodological shortcomings perpetuate uncertainty about the optimal role for 
physiotherapists: 
 
The exclusion of observational studies from this review has revealed new insight into the 
impact of substituting doctors with physiotherapists. While there is some support for 
professional substitution (outcomes appear comparable and patients are satisfied when 
seen by a physiotherapist) judgement of its impact is hampered by the low quality of 
studies, a lack of health economic evaluation, absence of rigorous physiotherapist 
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Chapter and aim Content Key findings and summary of original contributions  
 

musculoskeletal 
conditions including 
shoulder pain 
 

for musculoskeletal 
conditions. 

prescribing or injection research and a scarcity of shoulder-specific data. Furthermore, 
the following methodological shortcomings create uncertainty about the appropriate 
level of autonomy for physiotherapists performing substitution roles: 
- Most study cohorts differ from usual orthopaedic populations because screening of 

participants by orthopaedic doctors has excluded participants considered less likely to 
likely to respond to physiotherapy 

- Physiotherapists providing care have often received support from doctors within 
studies 
 

4 Methodology  
 
Methodology for RCT 
and health economic 
analysis comparing 
physiotherapist with 
orthopaedic surgeon 
injection, agreement 
and cost-of-illness 
studies. 

Research design: 
 
Deficits identified within prior research have been addressed and several original 
methodological components have been included: 
- Estimation of the economic burden of shoulder pain including recognition of 

presenteeism 
- Selection bias is avoided producing a study cohort representative of shoulder pain 

referred by the general practitioner to orthopaedics and physiotherapist decision-
making is examined 

- A non-inferiority RCT design is described to evaluate whether a substituted 
professional (physiotherapist), delivers equivalent health outcomes to an orthopaedic 
surgeon regarding delivery of injection 

- A health economic analysis is included 
 

5 Economic burden of 
shoulder pain 
 
Aim 2: Quantify the 
economic impact of 
shoulder pain referred 

 
 
 
A cost-of-illness 
analysis of shoulder 
pain referred to 

The economic burden of shoulder pain is high and its public sector management 
inefficient: 
 
The economic burden of shoulder pain referred to orthopaedics is high as a result of its 
societal cost while patients are waiting to be seen by an orthopaedic service and also 
due to the cost to government of providing public hospital shoulder care. Inefficient 
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Chapter and aim Content Key findings and summary of original contributions  
 

to a public orthopaedic 
service in Australia 
 

public orthopaedic 
service in Australia. 

service delivery processes, including a low surgical conversion rate and a high proportion 
of cost attributable to hospital outpatient care, present opportunity to improve the 
efficiency of public service delivery. 
 

6 Decision making 
 
Aim 3: Evaluate the 
impact of substituting 
an orthopaedic 
surgeon with a 
physiotherapist in 
relation to the 
assessment, 
management and 
injection decisions for 
shoulder pain 
 

 
 
An inter-rater 
reliability study of the 
level of agreement 
between a 
physiotherapist and 
orthopaedic surgeon 
assessment and 
management of 
shoulder pain 

A physiotherapist’s clinical decisions are safe, efficacious, and efficient:  
 
In an unfiltered and representative population of orthopaedic shoulder patients, the 
physiotherapist makes safe and very similar decisions to an orthopaedic surgeon 
regarding shoulder investigation, diagnosis and care, including in relation to the safe 
prescribing corticosteroid injection and identification of patients requiring surgical care. 
The physiotherapist less frequently selects subacromial corticosteroid injection as the 
first treatment option. Decisions made by the physiotherapist and surgeon have similar 
implications for the use of healthcare resources. 
 

7 Injection 
 
 
Aim 4: Evaluate the 
impact of substituting 
an orthopaedic 
surgeon with a 
physiotherapist for the 
delivery of 
subacromial 
corticosteroid injection 
 

 
 
 
A non-inferiority RCT 
comparing a 
physiotherapist and 
an orthopaedic 
surgeon delivering 
corticosteroid 
injection 

A physiotherapist can provide injection safely, effectively, cost efficiently and with 
high patient satisfaction: 
 
A suitably qualified physiotherapist can deliver subacromial corticosteroid injection 
safely, as clinically effectively and less expensively than an orthopaedic surgeon. The 
incremental cost effectiveness ratio revealed a dominant result in favour of the 
physiotherapist. Australia’s Medicare rules (which selectively fund care delivered by 
doctors) reduce the cost savings of professional substitution from the hospital’s 
perspective. Professional substitution with a physiotherapist is also likely to improve 
access for patients. 
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 The role of a physiotherapist in orthopaedic shoulder care  

 

There is considerable variability in the role and autonomy of physiotherapists caring for 

shoulder pain (Cope et al., 2016; Department of Health, 2009; Saxon RL, 2014). This thesis 

demonstrates that a physiotherapist can act as a professional substitute for the 

orthopaedic surgeon in the management of shoulder referrals safely, clinically effectively, 

economically efficiently and with high patient satisfaction. A physiotherapist can 

autonomously assess (using diagnostic investigations as necessary) and manage (referring 

for care as necessary) unfiltered orthopaedic referrals, be responsible for identification of 

cases requiring and perform prescription of corticosteroid injection, deliver the injection 

as required, identify and refer cases requiring surgical input. These non-surgical duties 

can be performed at less expense by a physiotherapist compared with an orthopaedic 

surgeon, whilst maintaining clinical standards and improving access for patients. 

Furthermore, inefficient public healthcare services for orthopaedic shoulder care in 

Australia, may be improved with greater utility of models of care that utilize 

physiotherapists in these ways. Consequently, patients and society would likely benefit 

from consistently utilizing physiotherapists to perform these duties. These findings 

validate the expansion of physiotherapist duties in the UK and provide tangible evidence 

to inform decisions about services and policy in Australia.  

 

 Improving service efficiency 

	
Utilizing physiotherapists in this way could reduce the economic burden of shoulder pain 

by improving access to care, reducing labour costs and orthopaedic service efficiency.  

Furthermore, this type of professional substitution may have application to other 

musculoskeletal disorders and healthcare settings, creating further potential for wide-

reaching efficiency gains. 
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 Reduction in shoulder economic burden through improved access to care 

	
Previous authors have noted that patients can more readily access a physiotherapist than 

an orthopaedic surgeon (Razmjou et al., 2013; Samsson et al., 2014). Similarly, Chapter 7 

reported that the period patients’ wait for care could be reduced by an average of almost 

eight months by seeing a physiotherapist instead of an orthopaedic surgeon (Table 7-3). 

By decreasing the waiting time for care, societal cost savings could be achieved through 

reducing losses in work productivity and reducing healthcare costs. Chapter 5 of this 

thesis calculated the daily societal cost of a working patient on orthopaedic waiting list at 

up to AU$61.31 (Table 5-6) and over 237 days this equates to societal savings of 

AU$14,530 per patient. With high public orthopaedic waiting lists being the norm (Curtis 

et al., 2010) this potentially translates into many millions of dollars in societal savings 

annually. The Australian public sector under-utilization of physiotherapists’ present scope 

of practice (Young, 2015), suggests the existing workforce has unused potential to 

partially extend the scope of physiotherapist service provision. Further training in 

prescribing and injecting could then enable the future physiotherapist workforce to 

deliver further economic efficiency. 

 

 Less cost and greater productivity in hospitals  

	
With GP orthopaedic shoulder referrals achieving a surgical conversion rate of only 22% 

(Chapter 5), considerable orthopaedic resources presently go to the 78% of patients who 

require non-surgical care. By employing physiotherapists rather than orthopaedic 

surgeons to see these patients, labour cost savings could be achieved. Furthermore, less 

of a surgeon’s time would be required in outpatient consultations, allowing more time for 

surgeons to perform surgery, potentially further adding to the net productivity gain.  

 

An existing physiotherapist professional substitution model operating within Queensland 

Health orthopaedics is limited in comparison to the role studied in this thesis (as 
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physiotherapists are unable to inject or prescribe). Nonetheless this model has 

demonstrated cost-effectiveness assuming that physiotherapists see 60% of orthopaedic 

shoulder, knee and spine referrals (Standfield et al., 2016). This model has been shown to 

be clinically effective (95% of patients discharged by the physiotherapist do not re-present 

to orthopaedics (Chang et al., 2017)) and cost-effective when physiotherapists see 60% of 

orthopaedic shoulder, knee and spine referrals (Standfield et al., 2016). If prescribing and 

injecting were made available to Australian physiotherapists, it could increase the 

proportion of referrals managed by physiotherapists, further increasing the cost-

effectiveness of the substitution model. 

 

 Potential to reduce the need for hospital referral 

	
If shoulder patients presently referred by GPs to public hospital orthopaedic departments, 

were seen by suitably qualified physiotherapists in the community or in GP Practices, it 

could reduce the volume of orthopaedic referrals and improve the surgical conversion 

rate for those who do need an orthopaedic surgeon’s opinion, producing more productive 

hospitals and more efficient use of public money. A model in which physiotherapists 

(often with injection competency) act as a professional substitute for GPs is now being 

pursued in the UK (British Medical Association, 2016; Goodwin et al., 2016) and may have 

application in Australia in the future. 

 

 Australian policy context 

	
This thesis supports an expanded role for physiotherapists in the management of 

shoulder pain and provides guidance for policy-makers about duties physiotherapists 

could perform to increase service efficiency. However, widespread implementation of this 

model of care in Australia (in which physiotherapists deliver care as investigated in this 

thesis), would require policy change. 
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 Legal 

	
At present, Australian state and territory laws generally prevent physiotherapists from 

prescribing, obtaining, supplying or administering medicines (Australian Physiotherapy 

Association, 2018b), making it illegal for physiotherapists to obtain or administer 

corticosteroid injections. In the UK, following almost two decades of professional lobbying 

and governmental investigation (Department of Health, 2009), a series of amendments 

to the medicines legislation was produced, culminating in full independent prescribing for 

suitably trained physiotherapists in 2015 (Cope et al., 2016). Calls for similar change in 

Australia have thus far not materialized (Health Workforce Australia, 2013; Queensland 

Health, 2016). This thesis presents the first Australian example of physiotherapist use of 

a legislative approval mechanism (Section 18 of the Queensland Health (Drugs and 

Poisons) Regulation 1996), to investigate prescribing and administration of medicines in 

a research framework. Since then work by several agencies suggests a growing appetite 

for policy change. Following publication of the Health Professionals Prescribing Pathway 

document (Health Workforce Australia, 2013), in 2015 the Australian Physiotherapy 

Association presented a proposal for physiotherapist prescribing to the Australian Health 

Practitioner Agency National Physiotherapy Board (Australian Physiotherapy Association, 

2015). Whilst legislative change did not ensue, in 2016 the Australian Health Ministers’ 

Advisory Council produced guidance for the Australian Health Practitioner Agency 

National Boards, regarding applications to the Ministerial Council for approvals for 

endorsements under the medicines regulations (Australian Government, 2016).  

 

 Education 

	
Since completion of the research within this thesis, Australia’s first prescribing education 

for physiotherapists has become available through a Queensland tertiary institution 

(Patounas et al., 2016), delivering training to meet the Australian prescribing 

competencies (National Prescribing Service, 2012). Previously, the absence of a 
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physiotherapist prescribing curriculum or training program posed significant challenges 

to the progression of physiotherapist scope of practice in Australia and was a challenge 

addressed in the design stage of the research presented in this thesis; physiotherapist 

legislative approval was complicated by the absence of process by which an individual’s 

prescribing competency could be assessed against Australian standards. It also influenced 

the decision to adopt a research design involving only one physiotherapist; at the time 

there were no other physiotherapists in Australia with the necessary competence to 

obtain legislative approval to prescribe or administer corticosteroid injections and 

furthermore there was no indication if, or when, such training might materialize in 

Australia. Consequently, the presence of this training represents tangible progress 

towards the development of a prescribing-ready physiotherapy workforce in Australia. 

While it remains illegal for graduates of this training to prescribe medicines in the course 

of their usual physiotherapy work, it does provide certificated prescribing competence 

required for an application for legislative approval to prescribe within research (such as 

Section 18 Approval under Queensland law) and this has already facilitated the initiation 

of further physiotherapist prescribing research in the form of an observational study 

involving prescribing by physiotherapists in some Queensland emergency departments 

(Queensland Health, 2016).  

 

 Health service funding 

	
A requirement for the widespread implementation of this expanded physiotherapist role 

is a change in health service funding. Funding rules can inhibit non-medical professionals 

from delivering care by selectively reimbursing services only when provided by a medical 

doctor. This is true of Medicare in Australia, which has failed to keep pace with service 

innovation by continuing to generally only reimburse care provided by doctors (Brooks et 

al., 2008; Cresswell, 2005; Raven M, 2014). Consultation with a physiotherapist acting as 

a professional substitute for a medical doctor presently does not attract a Medicare 

rebate, nor does Medicare subsidize imaging (such as MRI scans), blood tests or requests 
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for a radiologist to deliver corticosteroid injection, if these items are requested by a 

physiotherapist. This creates an economic disincentive for services to innovative with 

professional substitution models. Consequently, many physiotherapists are knowingly 

employed below their potential scope of practice (Young, 2015). However, discussion 

about the workforce and cost implications of expanding access to Medicare is growing 

(Australian Government Productivity Commission, 2005), nurse practitioners have gained 

some access to Medicare and the push for wider access to Medicare is assisted by 

economic modelling predicting that providing a Medicare rebate for patients whom a 

physiotherapist refers to medical specialists, could save the government up to 13 million 

dollars annually (Byrnes et al., 2014).  

 

 Health service culture 

	
Medical hegemony can support policy inertia and hinder the implementation of new 

roles. Medical dominance over healthcare has its roots in the nineteenth century when 

scientific advances prompted the licensing of medical practitioners (to protect the public 

from unqualified practitioners), yet simultaneously allowed the medical profession to 

monopolise care and thereby control competition (Ameringer et al., 2008). By resisting 

the expansion of other professions (often by claiming they did not possess the necessary 

skills to undertake duties such as prescribing), the medical profession has exerted control 

over other professions (Borthwick et al., 2010; Larkin, 1988). However, the present age of 

accessible information has challenged the authority of medical doctors (Bleakley, 2013) 

and today patients tend to be more concerned with access to care than they are with 

traditional professional boundaries (Joseph et al., 2014). Over time dominance of the 

medical profession has reduced, while nurses, pharmacists, podiatrists and 

physiotherapists have gained greater prescribing rights in the UK (Borthwick et al., 2010; 

Cope et al., 2016). Furthermore, the success and growing popularity of professional 

substitution through physiotherapy-led screening services has become integral to health 

service delivery and planning (Queensland Government, 2016) and the Australian 
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Physiotherapy Association continues to actively advocate for extension to scope of 

practice and autonomous prescribing by physiotherapists (Australian Physiotherapy 

Association, 2018a) in parallel with further research. 

 

 Limitations 

	
Conducting research at the boundary of a profession’s scope brings challenges. Australia 

does not have a workforce of physiotherapists trained in prescribing or injecting and at 

the time of research design, there was no Australian curriculum or training program for 

these things. This absence of prescribing and injection trained physiotherapists in 

Australia (other than the author), imposed limitations upon the research design. Firstly, 

the author of this thesis was also the physiotherapist delivering care in the studies 

presented Chapters 6 and 7. As described in Section 4.9, the research was designed to 

accommodate this through a double-blind design which also excluded the author from 

participant recruitment and consent, randomization, ongoing treatment delivery and 

outcome measurement. Secondly, it led to a design in which only one physiotherapist was 

studied. Low numbers (of professionals) are an inherent limitation in research at the 

boundary of professional scope, when few individuals possess the skill-set being studied. 

Previous comparisons of doctors and physiotherapists caring for shoulder pain have also 

encountered this and used only one physiotherapist (Aiken & McColl, 2008; Razmjou et 

al., 2013). As some of the research aims in this thesis related to the investigation of 

prescribing and injection knowledge that is beyond the scope of other physiotherapists 

(with the exception of those in the UK trained in these things), the use of an individual 

who was not representative of other physiotherapists was both intentional and 

necessary. Nonetheless, a limitation of this approach is that it risks low generalizability to 

the wider workforce.  

 

In a health policy context, this research is limited in that it does not definitively prove that 

the widespread roll out of professional substitution of orthopaedic doctors with 

prescribing and injection trained physiotherapists is beneficial; this research has not 
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attempted to investigate widespread implementation. Rather, it has clarified the role a 

physiotherapist can deliver, demonstrated efficacy and efficiency on a small scale and 

highlighted the potential for immense health economic benefits with widespread 

implementation. This makes a strong case for policy change to enable this model but 

further research would be needed to evaluate its widespread implementation.  

 

The anatomically-based definition of shoulder pain favoured throughout this thesis has 

compatibility with orthopaedics but is not beyond reproach. The complexities of diagnosis 

and psychosocial influences described in Chapter 2, curb a solely pathoanatomical 

perspective. Furthermore, recent reports that subacromial decompression surgery offers 

no benefit over placebo surgery (Beard et al., 2018; Paavola et al., 2018), further challenge 

the relevance of pathoanatomical diagnosis.  Whilst acknowledging these complexities, 

this research has not aimed to investigate them. Rather, it has focused upon clarifying the 

role of physiotherapists within the prevailing anatomically-based orthopaedic construct. 

If a less structurally-based view of shoulder pain prevails in future, over-reliance upon 

orthopaedic referral may be reduced. Physiotherapists may be well placed to aid such a 

transition in health service culture and delivery.  

 

 Future research directions  

	
To assist in the prediction of the impact of roll out of this professional substitution model, 

economic modelling could be used to estimate the widespread and long-term outcomes 

of adopting the intervention of physiotherapist management of orthopaedic shoulder 

referrals, compared to the traditional orthopaedic consultant model. Markov cohort 

modelling, a form of state-transition modelling may be used for this scenario in which 

shoulder disease states change and repeat over time (Siebert et al., 2012). Potential 

elements within this methodology include a Problem Statement (is it more cost-effective 

for orthopaedic shoulder referrals to be seen by an experienced physiotherapist or the 

usual orthopaedic consultant?), interventions for evaluation (care led by the experienced 

physiotherapist versus usual care led by the orthopaedic consultant), defined states of 
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shoulder pain for modelling (1. asymptomatic shoulder, 2. symptomatic shoulder – 

coping, 3. symptomatic shoulder – care seeking, and 4. Death). The probability of 

transitioning (from one state to another) would be informed by data sourced from a 

literature review and from research within this thesis. The model could then be run with 

a time horizon ending when 99.9% of individuals have reached the state of death. Further 

considerations for this modelling include the upfront costs of training physiotherapists in 

prescribing and injection, cost and workforce implications of shifting funding to different 

professions and estimates of perpetual cost-savings incurred by improving surgical 

conversion rates from those presently achieved with traditional GP referrals. The detail 

and complexity of economic modelling could also be extended beyond cohort-based, to 

microsimulation modelling. While this approach requires more detailed data and 

computational power, it can more accurately accommodate the breadth of disease 

history and transition states (Hiligsmann et al., 2009). It also offers opportunity to identify 

different costs and benefits in different groups within a population and lends itself to 

modelling scenarios in which waiting lists are a function of service delivery (Standfield et 

al., 2016), as is the case in public hospital orthopaedic care. 

 

As prescribing training has now been developed in Australia and gradually more 

individuals will possess the necessary competence to gain legislative approval to 

prescribe, studies could evaluate the efficacy and efficiency of professional substitution, 

prescribing and injecting with higher numbers of physiotherapists, or involving 

international collaboration with similarly trained individuals in the UK. Such studies could 

be expanded to include other musculoskeletal conditions and incorporate new settings, 

such as primary care. This research could be conducted alongside more widespread roll 

out of expanded physiotherapist roles in Australia.  

 

It is also important that future research in this area of professional substitution does not 

serve to foster competition between professions but rather brings interprofessional 

collaboration. In this regard, intelligence from the research in this thesis about the 
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efficient role for a physiotherapist could be incorporated into the design of an entire 

service that more efficiently integrates the duties of GPs, physiotherapists and 

orthopaedic surgeons collaboratively across primary care and hospital settings. Future 

research could then focus upon measuring the system-wide impact of such a service 

through an implementation trial. In an Australian context, an implementation trial would 

also seek to determine the required shift in workforce and the effect on public hospital 

orthopaedic waiting lists for shoulder patients. It would also evaluate the uptake of the 

necessary advanced practice training by physiotherapists and other resources (such as 

medical imaging or procedures) that are displaced or required within the new model. 

 

 

 Conclusion 

 

Present management of shoulder pain referred for public orthopaedic care is costly and 

lacks efficiency. A physiotherapist trained in prescribing and injection of corticosteroid 

and local anaesthetic, can safely, with high patient satisfaction, as efficaciously and less 

expensively than the surgeon, be a professional substitute for the orthopaedic surgeon 

across the spectrum of non-surgical care including patient assessment, management and 

delivery of subacromial injection. 
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Appendix A – Systematic review (Chapter 3) electronic search  
	

1. Terms to capture substitution: advanced and extended practice terms used in a 
previous review (Kersten et al (2007) Physiotherapy 93 235-242) with additional 
items relating to substitution: 
“Waiting list” OR triage OR ESP OR “ext* role” OR “exp* role” OR "role 
substitution" OR "task substitution" OR "extended scope" OR "advanced practi*" 
OR "role transfer" OR “task transfer” OR "medical substitution" OR “diagnos* 
concordance” OR “diagnos* agreement” OR “managem* agreement” OR 
“managem* concordance” OR “int??disciplinary compar*” OR “economic 
evaluation” OR “health service” OR “advanc* practi*”OR “cross boundar*” OR 
“enhan* practice” OR “enhan* practice” OR “exp* practice* “ OR “expan* scope* “ 
OR “ext* scope* “ OR “int??disciplinary competenc* “ OR “int??disciplinary 
practice* “ OR “new role*” OR “new scope*” OR “profession* boundar*” OR “role* 
chang* “ OR “role* collaborati* “ OR “role* cross*” OR “role* defin* “ OR “role* 
enhan* “ OR “role* expan* “ OR “role* exten* “ OR “ role* modern* “ OR “role* 
overlap* “ OR “role* redefin* “ OR “role* shar* “ OR “role* shift* “ OR “scope of 
practice” OR “shar* competenc* “ OR “shift* boundar*” OR “skill* 
interdisciplin*skill* interdisciplin*” OR “skill* overlap* “OR “skill* shar*” OR 
“specialist practitioner*” OR “traditional role*”OR “transdisciplinary practice*”  

2. Terms to capture musculoskeletal disorders: 
“musculoskeletal disorde*” OR “musculoskeletal pain” OR arthriti* OR "back pain" 
OR "spinal pain " OR radiculopathy” OR “sciati*” OR “neck pain“ OR "shoulder 
pain" OR " hip pain" OR "knee pain" OR “wrist pain” OR “hand pain” OR “ankle 
pain” OR “foot pain”  

3. Terms to capture physiotherapy: 
physiotherap* OR "physical therap* 

4. Terms to exclude emergency settings and inflammatory conditions: 
rheumat* OR spondyloarthr* OR psoria* OR “inflam* arthritis” OR emergency OR 
paediat* OR pediat* OR chil* 
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Appendix B – Systematic review (Chapter 3) quality ratings of included studies with the Downs and Black Instrument  

 
Downs & Black Checklist (modified) 
(Y=yes, N=no, U=Unclear) 
 

Aiken + 
Harrison 

Aiken + 
M

cColl  

Aiken &
 

Atkinson  

Bornhoft  

Dakar -
W

hite 

Desm
eules 

Kennedy  

Large 

Ludvigsson  

M
acKay 

O
verm

ann 

Razm
jou 

Sam
sson 

W
eale  

Aim clearly described Y Y Y Y Y Y Y Y Y y Y Y Y Y 

Main outcomes clearly described Y Y Y Y Y Y Y Y Y Y Y Y N N 

Patients clearly described N U N Y Y Y N Y Y Y Y N Y N 

Interventions clearly described Y Y Y Y Y Y Y Y Y Y Y Y N Y 

Confounders described  (P=partial) P N N Y P P N Y P Y P N P N 

Main findings clearly described Y Y N Y Y Y Y Y Y Y N Y N N 

Estimates of random variability Y Y N Y Y Y Y Y N Y N Y Y N 

Adverse events reported Y Y Y Y N Y N Y Y Y Y N Y N 

Lost to follow-up described Y Y Y Y N Y N Y Y Y N N Y Y 

Probability values reported N N N Y Y Y Y Y Y N N Y Y Y 

Subjects asked representative U U U U U Y Y Y U U Y U Y U 

Subjects representative U U U U U U N Y U U U U U U 

Staff and facilities representative Y Y U Y Y Y Y Y Y Y Y Y Y Y 

Subjects blind to the intervention N U U N N N N N N N N N N N 

Blinded measures of main outcomes N N U N N U N N N N N N N N 

Any “Data dredging” U Y Y U Y Y Y U N Y N Y U U 

Adjust for length of follow-up Y Y Y Y U Y Y Y Y Y Y U Y U 

Statistical tests appropriate N Y N Y Y Y Y Y Y Y Y Y Y U 

Compliance with intervention Y Y Y Y Y Y U N Y Y N Y U U 

Main measures valid and reliable Y Y Y Y Y Y Y Y U Y Y Y U U 

Recruited from the same population Y Y Y N Y Y Y Y Y Y Y U Y Y 

Groups recruited same time Y Y Y Y Y Y Y Y Y Y Y U Y Y 

Randomized to intervention groups N N N N Y N N N N N U N Y N 

Random assignment concealed N N N N Y N N N N N N N Y N 

Adjustment for confounding U U N U U U N Y N U U U U N 

Loss to follow-up taken into account Y Y Y Y Y Y Y Y Y N N Y Y U 

Power estimation reported N N N N Y N N U N Y N N Y N 

SCORE 15 16 12 18 19 20 15 21 16 19 13 12 17 7 
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Appendix C – Systematic review (Chapter 3) Quality Appraisal Tool for Reliability Studies checklist (QAREL checklist) 
results inter-rater agreement studies 

QAREL checklist item Aitken & 
Harrison 2008 

Aitken & 
McColl 2008 

Aiken & 
Atkinson 2007 

Desmeules 
et al 2013 

MacKay 
 et al 2009 

Razmjou  
et al 2013 

1. Sample representative of those to whom the 

authors intended the results to be applied? 

Unclear Unclear Unclear Unclear Unclear Unclear 

2. Raters representative of those to whom the 

authors intended the results to be applied? 

Unclear Yes Yes Yes Yes Yes 

3. Raters blinded to the findings of other raters? Unclear Yes Unclear Yes Yes Unclear 

4. Raters blinded to own prior findings? NA NA NA NA NA NA 

5. Raters blinded to the results of the reference 

standard for the target disorder? 

NA NA NA NA NA NA 

6. Raters blinded to clinical information not 

intended as part of the test or study design? 

NA NA  NA NA NA 

7. Raters blinded to additional cues? Unclear Yes Unclear Unclear Unclear Unclear 

8. Was the order of examination varied? No No No Yes No Unclear 

9. Repeated measurements time interval 

compatible with the stability of the variable? 

Yes Yes Yes Yes Yes Yes 

10. Test applied and interpreted appropriately? Yes Yes Unclear Yes Yes Yes 

11. Appropriate statistical measures used? Yes Yes No Yes Yes Yes 
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