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Introduction to the thesis 
 
The study reported in this thesis investigates predictors of success following a corticosteroid 

injection (CSI) into the subacromial-subdeltoid (SASD) bursa of the glenohumeral (GH) 

joint. Anecdotally, there is a lack of knowledge regarding how patients will respond to a CSI 

into the SASD bursa, as well as what attributes may suggest whether a patient will or will not 

recover well following a bursal injection. This thesis therefore aimed to collate outcome 

measures and investigate if they can predict changes following a SASD bursal CSI. The study 

is presented as a Manuscript, which is preceded by a Literature Review discussing research 

pertinent to the area of study undertaken. 

 

Research into the impact of shoulder pain is presented in the following Literature Review 

presented in Chapter I. The epidemiology and economic impact of shoulder pain is explored 

first, demonstrating a global lack of current research in this field, and the rise in national 

costs associated with shoulder pain recovery. The next section titled ‘Why Shoulder Pain?’ 

explains causes of shoulder pain, integrating anatomical, functional, and biomechanical 

considerations and theories of pain to provide a comprehensive review of shoulder pain. 

Subacromial impingement syndrome (SIS) is reported to be one of the most common 

shoulder pathologies causing shoulder pain and therefore will be discussed in depth in the 

section titled ‘What is Shoulder Pain’. This will provide background information regarding 

the likely cause of SIS related shoulder pain, followed by the treatment options that may be 

used prior to a CSI being considered. The section will introduce SIS as a condition, followed 

by discussion of the process of diagnosis, treatment options, and prognosis. 

 

Given the study investigates corticosteroid injections into the SASD bursa, and whether a 

response could be predicted following an injection, corticosteroids and their use will be 

discussed in some depth. The section titled ‘Corticosteroid Injections’ introduces the 

corticosteroid agents used for musculoskeletal (MSK) pathologies, and the methods used to 

facilitate accuracy of the injection. This is important to discuss because this study observed 

ultrasound guided CSIs, and there is debate regarding the effectiveness of guided versus non-

guided injections. In this same section evidence pertaining to the effectiveness of a CSI will 

be discussed, presenting data on short-term versus long-term prognosis following an 

injection, as well as an outline of reported side effects of CSIs. 
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Predictors and outcome measures related to shoulder rehabilitation will be introduced and 

discussed in the final section of the Literature Review. This discussion may appear tangential 

to shoulder pain and CSIs, however, because this pertains to the prediction of outcomes of 

shoulder pain, it is important to present information regarding such predictors and their use in 

research and clinical practice. Within the ‘Predictor’ section of the Literature Review, the 

initial stages of development of a clinical prediction rule (CPR) will be described. Although it 

was not an aim, nor a product, of this thesis to develop a CPR, it is important to demonstrate 

the steps necessary to create a successful prediction study. The use of predictors in healthcare 

will be discussed, as well as common predictors of shoulder pain and disability. Additionally, 

although this is a prediction study, it is important to introduce outcome measures, as some 

patient reported outcome measures (PROMs) can be used to assess a patient’s current status 

and predict future outcomes. The PROM subsection begins with a broad discussion on 

subjective versus objective measurement, followed by a paragraph on common PROMs used 

for shoulder pain and disability. A more substantial review on the development, validation 

and use of outcome measures in healthcare and research completes this section. 

 

Finally, a Summary of Chapter I highlights the reasoning behind investigating individual 

predictors and outcome measures that can predict shoulder pain following a CSI into the 

SASD bursa. Following this, a Methodology section will present how shoulder pain in the 

context of this thesis should be researched. The study proper will be presented as a 

Manuscript in Chapter II, reporting the main findings, as well as the appendices for the 

manuscript which provide additional information relating to the study. The thesis appendices 

are located in Chapter III, containing information not reported in the manuscript, such as 

ethics approval, consent forms, participant information and questionnaires. 
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Introduction to the Literature Review 
 

This Literature Review provides a broad analysis of shoulder pain. It presents literature 

elucidating the burden of, and a functional analysis of, shoulder pain, including anatomical, 

nociceptive and biomechanical considerations to the development of shoulder pain. Further, a 

comprehensive review of subacromial impingement syndrome (SIS) and current treatment 

options is presented, followed by a synopsis of corticosteroid injections (CSIs) and their 

effectiveness in cases of shoulder pain. Finally, this review introduces predictors and 

outcomes measures of shoulder pain and discusses their relevance in clinical practice and 

research. 

 
Exploring the Epidemiology and Economic Burden of Shoulder Pain and 
Disability 

 

Epidemiology of shoulder pain 

Shoulder pain is reported to be one of the most common musculoskeletal (MSK) complaints 

presenting to primary care practitioners (Bot et al., 2005; Chester et al., 2013; Jordan et al., 

2010; Laslett, Steele, Hing, McNair, & Cadogan, 2015), with some articles reporting it as the 

third most common MSK complaint (Luime et al., 2004; Struyf, Geraets, Noten, Meeus, & 

Nijs, 2016; Tangrood, Gisselman, Sole, & Ribeiro, 2018). However, those reporting this 

statement reference articles dating 1998, 1999 and 2004. The most recent articles 

investigating the epidemiology of shoulder pain were published in 2007 and 2010 (Jordan et 

al., 2010; Parsons et al., 2007), and found that shoulder pain is the third and fourth most 

common MSK type of pain in the United Kingdom respectively. Although these articles were 

published in the last 15 years, the fact that a majority of the epidemiological research is dated 

demonstrates a need for an update on shoulder pain presentations globally.  

 

Research indicates the incidence of shoulder pain to be as high as 2.5% in a 2006 systematic 

review (Struyf et al., 2016), with two other sources suggesting complaints of shoulder pain 

peak at either 50 or 60 years of age (Crawshaw et al., 2010; Hopewell et al., 2017). Although 

published research in the last 10 years has reported a prevalence of shoulder pain of 14% to 

51% (Cadogan, Laslett, Hing, McNair, & Taylor, 2012; Hopewell et al., 2017; Rhon, Boyles, 

Cleland, & Brown, 2011; Tangrood et al., 2018), the references cited by these authors were 

published between 1990 and 1999. The most recent piece of literature regarding prevalence 
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was a systematic review published in 2010 (May, Chance-Larsen, Littlewood, Lomas, & 

Saad, 2010), however, it appears that there has been no original data on the prevalence nor 

incidence of shoulder pain since the work of Luime et al. published in 2004. 

 
The lack of current evidence regarding the burden of shoulder pain does not allow 

conclusions to be drawn regarding the extent to which current methods of rehabilitation of 

shoulder pain are effective. In addition, an article by Pribicevic, Pollard, Bonello, & De Luca   

(2010) has demonstrated that epidemiological research into shoulder pain has been 

troublesome to conduct. This is because there are many variations in definition of shoulder 

pain, as well as research designs employed to study it. Such definitions include shoulder pain 

versus subacromial shoulder pain (Diercks et al., 2014; Pribicevic et al., 2010; Tangrood et 

al., 2018),  plus the type of studies performed range from randomised control trials (RCTs) 

(Roddy et al., 2014) to case studies (Bashir, Wong, & Innes, 2015). This methodological 

heterogeneity further precludes a clear insight as to the burden of shoulder pain. 

 

Economic burden of shoulder pain and disability 

While there are constraints to determining a clear epidemiology of shoulder pain, in New 

Zealand we are able to estimate the financial burden of shoulder injuries. The Accident 

Compensation Cooperation (ACC) is a publicly funded insurance scheme that covers or 

discounts costs for the management of any accident resulting in injury sustained by New 

Zealand residents, or visitors to New Zealand. ACC collects comprehensive data on claims 

made to the corporation. ACC data shows that shoulder soft tissue injury claims to the 

cooperation in NZ have increased by 20% over the five years spanning 2012 to 2016 

(Accident Compensation Corporation, 2017). This was associated with an approximate $71 

million cost increase over the five year period to fund treatment and management of those 

injuries. 

 

Why Shoulder Pain? 
 

Anatomical considerations of the shoulder girdle 

The shoulder girdle has three bony articulations: the sternoclavicular, acromioclavicular and 

glenohumeral (GH) joints, plus the muscular scapulothoracic joint. The minimal surface of 

the glenoid of the scapula relative to the large surface area of the head of the humerus makes 

the GH joint the most mobile joint in the human body (Khan, Nagy, Malal, & Waseem, 
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2013). This mobility has a stability trade-off: it relies on ligamentous and muscular rather 

than bony stability for optimum function (Khan et al., 2013). 

 

The four main muscles contributing to GH stability are known as the rotator cuff complex, 

and are vital for function and stability of the GH joint and shoulder girdle. The rotator cuff 

complex is primarily responsible for stabilising the GH joint both at rest and during 

movement (Fongemie & Buss, 1998). During over-head movements, the rotator cuff complex 

acts to draw the humerus inferiorly further into the glenoid fossa, by contracting and causing 

the joint capsule to become tight. This inferior force created by the rotator cuff complex is 

thought to overcome the superior force created by the deltoid muscle when abducting the 

arm, to allow clearance of the humeral head past the acromion process (Fongemie & Buss, 

1998; Khan et al., 2013). Pain and disability may occur when the synergy is lost between the 

rotator cuff muscles, causing the superior force created by the deltoid to overcome that of the 

rotator cuff muscles, leading to subacromial impingement (Khan et al., 2013). Structures in 

the subacromial space are vulnerable to injury and inflammation (Cadogan et al., 2012). 

Although the tendon of supraspinatus is likely to display signs and symptoms of tendinopathy 

when dysfunction occurs (Coombes, Bisset, & Vicenzino, 2010), it has been suggested that 

the first symptom of pain is due to inflammation of the subacromial-subdeltoid (SASD) bursa 

(Cadogan et al., 2012; Gasparre, Fusaro, Galletti, Volini, & Benedetti, 2012). 

 

The role of nociception in shoulder pain 

There are many theories that help explain how pain is perceived (Aydede, 2017; Melzack, 

1999, 2005; Peláez & Taniguchi, 2016), such as the gate control theory and neuromatrix 

theory. While describing them in detail is somewhat tangential to this thesis, describing the 

role of nociception in these models of shoulder pain will offer the reader background 

information which will allow in depth insight into the mechanisms of shoulder pain. This will 

preface the discussion of the effects of steroid injections which appear later in this review. 

 

Nociception and shoulder pain 
The gate control theory suggests that in an acutely painful shoulder primary nociceptors and 

afferent mechanoreceptors (Peláez & Taniguchi, 2016), in and around the bursa (Cadogan et 

al., 2012), carry stimuli to the dorsal horn of the spinal cord. When the threshold is exceeded, 

a second order neuron will send afferent information to the brain (Peláez & Taniguchi, 2016). 

The proposed model by which the brain then interprets this information is termed the 
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neuromatrix theory, which suggests that the body-self neuromatrix, “a widespread network of 

neurons”, will process this experience (Melzack, 2005, p. 86), such as where the pain may be 

located and what environment is the person in. If necessary, an output is actioned (Cadogan 

et al., 2012; Peláez & Taniguchi, 2016). The anterior, lateral or posterior aspects of the 

shoulder are considered to be common locations of shoulder pain, which may refer to the 

lower cervical spine and scapula area (Pribicevic et al., 2010). All of the inputs and 

processing will be transcribed into a ‘neurosignature’, a pattern. Therefore, next time this 

particular input is received, the pathway is more efficient, requiring less processing with a 

faster reaction and output (i.e. pain) (Melzack, 2001). 

 

Although cases of ‘chronic’ pain (are typically considered to be pain persisting beyond 6 

months) are not examined in the current thesis, and diagnostic methods of shoulder pain will 

be discussed in later sections, it is important to acknowledge that it can be difficult to 

differentiate between sources of shoulder pain using manual orthopaedic testing. Due to the 

duration of symptoms and the close proximity of structures in the GH joint, inflammation and 

irritation can spread rapidly to adjacent structures (Borstad & Woeste, 2015). It is also 

important to state that chronic pain in New Zealand may be exacerbated by delaying the time 

between onset of pain and consulting a clinical practitioner (Swain & Johnson, 2014). 

 

Functional shoulder problems and the relationship to pain 

Sedentary lifestyles and prolonged seated postures are reported predisposing factors of 

shoulder pain. These have been reported to cause maladaptive forward shoulder and head 

posture, defined as excessive anteriorisation of the head or GH joint relative to the frontal 

plane of the body (Cole et al., 2013; Straker, O’Sullivan, Smith, & Perry, 2009). This has 

been shown to lead to dysfunctional scapulothoracic rhythms and GH mobility (Cole et al., 

2013; da Costa & Vieira, 2010; Diercks et al., 2014; Herin, Vézina, Thaon, Soulat, & Paris, 

2012). Sedentary lifestyles and poor postures also seem likely to contribute to poor health (da 

Costa & Vieira, 2010; Herin et al., 2012). Although of secondary importance when viewed in 

the context of all-cause mortality from sedentary lifestyles, MSK pain remains a costly 

problem in terms of economic and social impact (Accident Compensation Corporation, 

2017). 
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Maladaptive forward shoulder and head posture may cause anterior tissues to become tight 

and weak, while their antagonistic tissues may become lengthened, lax and weak (Morris, 

Bonnefin, & Darville, 2015), altering muscular activity about the GH joint (Cole et al., 2013). 

When it comes time to participate in activities involving over arm movements, the synergy of 

muscles contributing to shoulder movements is lost, which may result in overuse, irritation 

and pain (Cole et al., 2013). For example, abduction of an anteriorised GH joint may lead to 

the recruitment of larger muscle groups to create the desired movement pattern, causing pain 

and disability in the shoulder over time (Roddy et al., 2014; Smith, 2018). 

 

Repetitive movements are a common contributor to a painful shoulder (da Costa & Vieira, 

2010; Diercks et al., 2014; Herin et al., 2012). Research examining occupational shoulder 

pain has suggested that ‘awkward’ posture may be a robust predictor of chronic shoulder pain 

(Herin et al., 2012). Athletes competing in sports requiring high repetitions of arm movement 

over their head such as cricket or swimming, also known as overhead athletes (Smith, 2018), 

have been strongly represented in shoulder pain literature. For example, a competitive 

swimmer performs over 30,000 over-head arm rotations of each shoulder per week (Heinlein 

& Cosgarea, 2010), potentially contributing to forward shoulder posture (da Costa & Vieira, 

2010). During the entry phase of a swimmer’s freestyle stroke (the most common stroke 

swum during training), the arm is moved into internal and forward rotation at the GH. During 

the throw phase of a cricketer’s pitch, the arm moves through a similar motion where it is 

elevated during the specific motions of the GH (Asker et al., 2018). Therefore, repetitively 

performing overhead arm movements may negatively impact shoulder girdle function 

(Batalha, Marmeleira, Garrido, & Silva, 2014). In summary, office/desk workers and over 

arm athletes are prevalent in shoulder pain research, and it is important for future research to 

focus in these areas to decrease the burden of shoulder pain (Cole et al., 2013). 

 

What is Shoulder Pain? 
 
This next section will explore shoulder impingement syndrome in depth. The subsections will 

introduce the condition, then discuss the clinical course, diagnostic processes, prognoses and 

recognised treatments for SIS and shoulder pain. A final section will discuss how delayed 

diagnoses compound the problem of shoulder pain and impact on prognosis. 
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Subacromial impingement syndrome and pain 

Van der Windt, Koes, de Jong, and Bouter (1995) states that SIS is amongst the most 

frequent causes of shoulder pain, potentially responsible for up to 60% of all shoulder pain 

presentations (as cited in Tate, McClure, Young, Salvatori, & Michener, 2010). It can be 

defined as “compression and mechanical abrasion of rotator cuff tendons, long head of biceps 

tendon and subacromial bursa under the coracoacromial arc during arm elevation” (Goksu, 

Tuncay, & Borman, 2016, p. 1). Subacromial pain often presents as pain experienced at the 

superolateral deltoid area which increases in intensity during abduction (Engebretsen, Grotle, 

Bautz-Holter, Ekeberg, & Brox, 2010). Rotator cuff disease, rotator cuff tendinopathy, SASD 

bursitis and SIS are conditions that are reported to cause subacromial pain (Engebretsen et 

al., 2010; Rhon, Boyles, & Cleland, 2014). 

 

A mechanism that may be responsible for subacromial pain generation is repetitive abduction 

of the arm. When the biomechanical synergy is lost between the rotator cuff muscles and 

deltoid, repetitive shoulder abduction can cause irritation and encroachment within the 

subacromial space (Umer, Qadir, & Azam, 2012). As the arm is abducted, the compressive 

forces on the tendon and the SASD bursa between the head of the glenoid and acromion 

process may cause irritation and inflammation in the GH joint (Donatelli, Ruivo, Thurner, & 

Ibrahim, 2013; Khan et al., 2013). . Subacromial disorders can account for 70-89% of 

shoulder pain cases presenting to primary care practices (Cadogan et al. (2012); Virta, 

Joranger, Brox, & Eriksson, 2012). Pain associated with SIS rarely resolves spontaneously 

and often requires rehabilitation interventions such as manual therapy, exercise therapy, and 

other modalities of treatment including CSI (Laslett et al., 2015). 

 

Clinical course and diagnosis of subacromial impingement syndrome 

The clinical course of SIS and subacromial pain is uncertain and inconsistently reported in 

research (Rhon et al., 2011; Tangrood et al., 2018). It is known that seeking treatment can 

decrease pain and disability, however, the most effective treatment modality appears unclear 

due to the clinical and methodological heterogeneity apparent in published research (Rhon et 

al., 2014). Treatment and prognosis for SIS will be discussed in the next section. 

 

Pathologies associated with subacromial pain cause high rates of pain and disability, with up 

to 50% of cases lasting longer than six months (Rhon et al., 2014; Struyf et al., 2016; 
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Tangrood et al., 2018; Whittle & Buchbinder, 2015). Of those chronic presentations, only 

50% recover within 10-18 months after the initial onset of symptoms (Tangrood et al., 2018). 

Further, Tangrood et al. (2018) state that 90% of patients with subacromial pain improve 

after one year, therefore 10% of patients suffering from subacromial pain do not recover, as 

the pathology becomes chronic and more difficult to manage. 

 

Diagnosis of subacromial pain is often performed using manual orthopaedic testing, however 

the majority of tests are not specific or sensitive enough to accurately diagnose a painful 

shoulder (Cadogan et al., 2012; Ekeberg et al., 2010). This may be partly due to the complex 

regional anatomy capable of causing pain, and also due to the inability of clinical tests to 

accurately differentiate between early impingement, a bursal pathology and more advanced 

rotator cuff pathology (Cadogan et al., 2012). Imaging modalities, such as ultrasound, may be 

used to increase diagnostic accuracy to allow for management that is specific to the 

diagnosis, rather than rely on a ‘wait-and-see’ approach (Ekeberg et al., 2010). 

 

Treatment and prognosis of subacromial pain 

Primary care modalities, such as general practitioner services, physical therapies and other 

rehabilitation approaches, are commonly used for subacromial pain. Although optimal 

treatment plans for SIS are not established, usually the first stage is to provide manual 

therapy, prescribe activity modification and NSAIDs to try and reduce the intensity of 

subacromial pain and prevent further irritation (Bashir et al., 2015). Nonsteroidal anti-

inflammatory drugs (NSAIDs) and in some cases short-term opiate medication can help 

achieve decreased pain (Burbank et al., 2008). Using NSAIDs can provide short-term pain 

relief, therefore allowing individuals to continue performing necessary daily tasks 

(Babatunde et al., 2017; Khan et al., 2013). A reduction in over-arm activities is useful, as it 

may prevent further aggravation of subacromial structures (Smith, 2018). Physical therapy 

can aid to decrease muscular tension and confounding factors towards muscle imbalances and 

dyskinesis between the shoulder joint and other joints in the body (Bashir et al., 2015). 

 

A failed response to manual and physical therapy is an indication that a CSI into one of the 

structures of the subacromial contents may be warranted (Bashir et al., 2015; Khan et al., 

2013). The purpose of a CSI is to reduce subacromial pain by decreasing inflammation in the 

subacromial space or bursa, depending on the injection site (Hopewell et al., 2017). The 



 16 

effectiveness of corticosteroid injections is inconsistently reported: some recipients report no 

effect (Contreras, Brown, & Marx, 2013), while others reporting decreased clinical signs and 

symptoms (Bashir et al., 2015), but this may be related to the injection site. Injections into 

tendons or muscle tears have demonstrated conflicting outcomes of change in shoulder pain 

and disability (Ayson, 2014; Contreras et al., 2013), and sometimes detrimental results such 

as tendon rupture (Ayson, 2014). Bursal injections of corticosteroid have been demonstrated 

to provide pain relief and improved movement after a 6-week follow-up (Burbank et al., 

2008; Rhon et al., 2011), however, the long-term effectiveness of a CSI alone may be no 

more effective than exercise, although results have supported the use of both methods for 

relief of shoulder pain (Babatunde et al., 2017). Conservative treatment such as manual 

therapy and CSI, may be effective for acute shoulder pain presentations such as SIS, though 

when it fails, less conservative intervention such as surgery may be indicated (Roddy et al., 

2014). Surgery may also be required upon initial presentation of subacromial pain due to 

more disabling injuries such as a complete soft tissue tear, for which a rotator cuff repair will 

be performed (Burbank et al., 2008). 

 

How delayed diagnoses may compound shoulder pain and prognosis 

Lee (2012) opines that it is crucial to have timely diagnoses for MSK tendon injuries. Groups 

commonly affected by delayed diagnoses may be athletes or the working population, where 

shoulder pain is thought to be a common occurrence, especially if repetitive movements are 

involved (Maroto, Bone, & Dale, 2014; Rodeo, Nguyen, Cavanaugh, Patel, & Adler, 2016). 

Sports such as cricket, swimming and other over-arm sports have a high incidence and 

prevalence of subacromial pain due to the repetitive over-arm action and high demand on the 

shoulder girdle (Asker et al., 2018; Walker, Gabbe, Wajswelner, Blanch, & Bennell, 2012). 

In endurance over arm sports such as swimming, athletes are inclined to swim through the 

pain, which is sometimes reinforced by their coaches (Harrington, Meisel, & Tate, 2014). 

This delays the time for a correct diagnosis, increasing the likelihood of central and 

peripheral sensitisation as seen in chronic pain conditions (Borstad & Woeste, 2015). 

 

Shoulder pain has been shown to be a hindrance for working populations, with up to 30% of 

workers experiencing chronic shoulder pain (Herin et al., 2012). Taking time off work to seek 

therapy in a suitable time frame can be difficult due to job demand, especially for those who 

are self-employed (Andersen, Haahr, & Frost, 2007; Herin et al., 2012). Therefore, many 
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workers adopt a wait-and-see approach to shoulder pain, not seeking diagnosis or care until 

the pain has lasted too long or becomes debilitating (Herin et al., 2012). Increases in pain 

experienced by those delaying intervention for shoulder pain may be due to the prolonged 

irritation, causing the clinical picture to become a cluster of signs and symptoms, making it 

difficult to accurately diagnose a clear source of pain (Burbank et al., 2008). Delayed 

accurate diagnoses may be avoided by early referral for imaging, and ultrasound has been 

proven a reliable tool for demonstrating tissue injury (Cadogan & Mohammed, 2016), 

therefore allowing the referring practitioner to tailor a management programme specific to 

individual patients. 

 

Corticosteroid Injections 
 
CSIs are a common, minimally invasive, intervention for subacromial shoulder pain and are 

one of the few conservative treatments known to help improve subacromial pain (Rhon et al., 

2011). Typically, corticosteroid injections are offered if manual and physical therapy alone 

has failed to resolve symptoms (Garvey et al., 2018; Rhon et al., 2014). Corticosteroid 

injections act to decrease subacromial inflammation (Hopewell et al., 2017; Roh et al., 2012) 

and this allows a temporary decrease in pain, ranging from 1-3 months of pain relief (Cook, 

Lowe, Maybury, & Lewis, 2018a; Crawshaw et al., 2010; Cummins, Sasso, & Nicholson, 

2009; Garvey et al., 2018; Gasparre et al., 2012; Hopewell et al., 2017), allowing a period of 

time for patients to participate in appropriate rehabilitation to regain proper shoulder girdle 

function (Crawshaw et al., 2010; Roh et al., 2012). 

 

Common corticosteroids used and methods of injection 

According to Health Navigator (Ponen, 2019), a New Zealand health website, common 

corticosteroids are dexamethasone, betamethasone, methylprednisolone, and triamcinolone. 

All of these agents are commonly reported in research for bursal and intra-articular injections 

of the shoulder, with triamcinolone most commonly used (Ahn et al., 2017; Crawshaw et al., 

2010; Cunnington et al., 2010; Hopewell et al., 2017; Rhon et al., 2014; Roh et al., 2012; 

Sharma, Bærheim, Moe-Nilssen, & Kvåle, 2016; Sun, Liu, Chen, & Chen, 2018), followed 

by methylprednisolone (Contreras et al., 2013; Hopewell et al., 2017; Kang, Rizio, Prybicien, 

Middlemas, & Blacksin, 2008; Lim et al., 2014; Roddy et al., 2014), and betamethasone 

(Ranalletta et al., 2016). Roh (2012) reports that triamcinolone is usually selected due to its 

hydrophilic nature, meaning it has less systemic dispersion and longer duration of 
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effectiveness. All steroid injections are mixed with 1-3% of lidocaine anaesthetic (Roh et al., 

2012) for administration which can both reduce the discomfort of the injection, but also act as 

a confirmatory diagnostic tool (Cadogan et al., 2012). 

 

The two most common methods of administering corticosteroids into the shoulder are ‘blind’, 

which is injection without the use of ultrasound guidance and relying only on anatomical 

landmarks for accuracy, and ultrasound guided. A recent systematic review and meta-analysis 

concluded that ultrasound guided CSIs may offer significantly better outcomes than blind 

injections in patients with shoulder pain (Wu, Song, Dong, & Li, 2015). This is likely 

because ultrasound guidance provides a more specific and less invasive process, with the 

needle location being monitored in real-time. Using an ultrasound machine was also reported 

to be more cost-effective than using fluoroscopy or computed tomography (Wu et al., 2015). 

A systematic review conducted in 2008 also found that patients are more likely to have more 

beneficial outcomes following an ultrasound guided corticosteroid injection than a blind 

injection (Soh, Li, Ong, Chen, & Bautista, 2011). A systematic review of RCTs reported that 

in one study, blind intra-articular CSIs were less than 30% accurate, suggesting that more 

than 70% of injections in that study were actually extra-articular (Koh, 2016; Sethi, Kingston, 

& Elattrache, 2005). Further, Wu et al. (2015) showed that ultrasound guided injections were 

more efficient than blind injections, stating that the accuracy of blind injection is poor, 

especially in obese patients where bony landmarks may not be visible. The report also 

showed a significant increase in shoulder function and abduction, plus a decrease in pain 

scores at six weeks after a guided injection (Wu et al., 2015). 

 

Effectiveness and prognosis of corticosteroid injection 

It has been shown that an intra-articular injection of anaesthetic and corticosteroid has a 

short-term benefit in decreasing pain and disability at the six-week follow-up in adhesive 

capsulitis (Burbank et al., 2008). This improvement has been attributed to capsular expansion 

from the injection, as well as the anti-inflammatory effect into the glenohumeral joint 

(Burbank et al., 2008). In a case report it was suggested that physicians considered CSIs to be 

an effective treatment for shoulder pain (Bashir et al., 2015), and a recent review presented 

evidence of short-term relief of moderate to severe shoulder pain after CSIs, which were 

more beneficial than NSAID medication (Babatunde et al., 2017). Although this information 

seems to indicate the effectiveness of CSIs, research conducted into the prognosis of the 



 19 

injections has reported inconsistent results. Some studies report no pain relief (Contreras et 

al., 2013), some, short-term pain relief (Babatunde et al., 2017; Blanchard, Barr, & Cerisola, 

2010; Laslett, Steele, Hing, McNair, & Cadogan, 2014), and others partial pain relief 

(Crawshaw et al., 2010; Rhon et al., 2014, Roh 2012), to complete resolution of pain (Bashir 

et al., 2015). However, notwithstanding inconsistent results regarding the long-term efficacy 

of CSIs, authors conclude that available evidence supports the use of both a CSI and exercise 

for relief of shoulder pain. (Babatunde et al., 2017). 

 

Side-effects after a corticosteroid injection into the subacromial space or joint capsule. 

According to Health Navigator (Ponen, 2019), common side effects of a CSI into any part of 

the body can include flushing, swelling in the fingers or face, menstrual irregularity and 

mood changes, as well as possible discolouration of the skin local to the injection site. More 

serious concerns include fluctuations in blood sugar levels for days after the injection, which 

may have important health-monitoring implications, especially in the case of a patient with 

diabetes (Ponen, 2019). Finally, there is a small risk of infection following a CSI, and any 

signs of infection persisting after 48 hours following the injection should be checked by a 

doctor (Ponen, 2019). These are the more commonly reported side-effects following a CSI, 

however, few of the articles in this Literature Review reported any side-effects experienced 

by their participants following a subacromial or intra-articular CSI. Transitory dizziness 

(Ekeberg et al., 2010; Molini, Mariacher, & Bianchi, 2012; Oh et al., 2011), bodily flushing 

and/or redness (Ekeberg et al., 2009; Molini et al., 2012; Sharma et al., 2016) and after-pain 

(Ekeberg et al., 2009; Gaujoux-Viala, Dougados, & Gossec, 2009; Sharma et al., 2016) were 

reported most commonly followed by a sensation of warmth (Molini et al., 2012; Oh et al., 

2011). Transient pain has been reported to be experienced because of the extra fluid volume 

inside the joint capsule or bursa (Gaujoux-Viala et al., 2009). Skin atrophy or depigmentation 

was also noted as a side effect in approximately 4% of CSIs performed (Gaujoux-Viala et al., 

2009). 

 

A study by Gaujoux-Viala et al. (2009) calculated that the number needed to harm per CSI 

was 26, that is, one patient can expect to experience an adverse reaction for every 26 people 

undergoing treatment. Finally, there are few side-effects reported in current trials, therefore it 

is difficult to ascertain whether side-effects are present but not being reported, either by 

researchers or by participants. 
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Predictors of Health Viewed Through a Theoretical and Clinical Lens 

 

Predictors 

Clinical predictors and clinical prediction rules (CPRs) have become popular in primary care 

practices (Beneciuk, Bishop, & George, 2009). Development of clinical predictors has 

allowed practitioners to make more accurate diagnoses, individualise prognoses, and predict 

the outcomes for different interventions (Beneciuk et al., 2009). A working definition of 

predictors in this context can been described as variables that are obtained through 

questioning of patients or participants by practitioners or examiners, that may predict a target 

outcome (Cambridge.Dictionary.org, 2020; Wallace et al., 2016). 

 

Development of predictors 

Prognostic factors may be used individually as predictors, or may be combined with others 

and developed as a CPR, so discussing the initial stages of development of a CPR effectively 

outlines the design of a prediction study. Established individual predictors are identified via 

literature searches, and many may be captured in pre-existing patient reported outcome 

measures (PROMs), and therefore selected based on their relevance to the study (Hawker, 

Mian, Kendzerska, & French, 2011). The prevalence of these prognostic factors is obtained 

from the study sample via patient case history questioning, or physical examination before 

the intervention, and at relevant follow up times. Regression modelling is commonly used to 

determine effect sizes between potential prognostic factors and outcomes, then further 

analyse associations between the significant prognostic factors and outcomes and/or between 

study groups, such as intervention and control groups. A CPR may then be developed from 

the factors demonstrated to be significant and that have the strongest relationship with the 

outcome measured. 

 

Use of predictors in healthcare 

Predictors of outcome can be used for medical emergencies in hospital settings and many 

CPRs have been developed to aid care providers and doctors to forecast the likelihood of 

someone suffering from a particular pathology (Hendriksen, Geersing, Moons, & de Groot, 

2013). CPRs include assessing for risk of a deep vein thrombosis and other cardiovascular 

pathologies (Hendriksen et al., 2013). Clinical predictors and prediction rules can also be 

used for anticipating recovery, response to treatment and what treatment or diagnostic tool 
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may be more effective, such as the Ottawa ankle rule (Cowley, Farewell, Maguire, & Kemp, 

2019). Although research into MSK predictors is popular, reports state that “there is little 

evidence that CPRs can be used to predict effects of treatment for MSK conditions” (Stanton, 

Hancock, Maher, & Koes, 2010, p. 853). MSK pathologies remain a burden on nation-wide 

economies (Accident Compensation Corporation, 2017), so using predictors and prediction 

rules may lead the way into preventative measures for the future of MSK medicine. 

 

Predictors of shoulder pain and disability 
When identifying predictor variables for the purpose of the current research, it was identified 

that there is great variation in factors that may predict shoulder pain. There are as many as 40 

predictors of shoulder pain, however, many have not been found to explain the variance in 

the outcome variable. This may be due to poor study design, confounding factors or study 

limitations such as measurement errors (Engebretsen et al., 2010), using a heterogeneous 

group (Engebretsen et al., 2010; Laslett et al., 2015), a lack of blinding or random sampling, 

or not having a standard diagnosis for SIS (Rhon et al., 2014). The ‘Manuscript 

Supplementary Materials’ shows factors that have been found to predict change in shoulder 

pain and disability. 

 

Patient Reported Outcome Measures Viewed Through a Clinical and 
Theoretical Lens 
 
Why is measurement important? 

Clinical measurement is approached in two ways; objective and subjective measures, where 

objective measures can be independently verified by others, such as joint range of motion, 

and subjective measures examine a patient’s personal experience such as the verbal rating 

scale. While subjectivity is important in healthcare, objective measures allow a standardised 

process for those taking the measurement, which is important in tracking progress 

(Engebretsen et al., 2010). MSK clinicians often rely on clinical tests to facilitate accurate 

diagnosis, however many orthopaedic tests are not adequate for this purpose due to poor 

diagnostic utility, low sensitivity, specificity, or both (May et al., 2010; van Kampen et al., 

2014). Ultrasound is a common objective measure of pathoanatomical pathology. The ability 

for a practitioner to visualise the tissues allows for a very sensitive and objective test (Lee, 

2012). 
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Clinical use of patient reported outcome measures 

Patient reported outcome measures (PROMs) are tools that are used by health professionals 

because they provide standardised questions to gain understanding of a patient’s point of 

view (Kingsley & Patel, 2017). Most original PROMs contain many variables within them, 

contributing to a score for interpretation. For example, the SPADI contains 13 items, 

measured on a Likert scale (0-10) and the total score is added and interpreted by the 

practitioner or researcher (Roach, Budiman‐Mak, Songsiridej, & Lertratanakul, 1991). 

PROMs with fewer items have been developed and validated against their longer preceding 

versions to decrease user burden and still achieve an accurate representation of the outcome 

being measured. For example the 11 item Tampa Scale of Kinesiophobia is a shorter version 

of its 17 item counterpart (Mintken, Cleland, Whitman, & George, 2010). PROMs offer 

practitioners a way of tracking particular characteristics to a patient’s presentation, such as 

disability, pain or other health-related beliefs. It is beneficial in clinical practise to use the 

tool at first presentation, and then at regular follow-up points in order to track progression 

associated with a particular goal, such as how treatment is affecting pain or disability, the 

effectiveness of an exercise routine, or change in movement-related fear (Bashir et al., 2015; 

Schmitt & Di Fabio, 2004). 

 

Outcome measures used for shoulder pain and disability 
Identification of predictors for shoulder pain and disability allowed the development and use 

of well-known shoulder outcome measures such as the Shoulder Pain and Disability Index 

(SPADI), Disabilities of the Arm, Shoulder, and Hand Questionnaire (DASH), American 

Shoulder and Elbow Surgeons (ASES) to name a few (Angst, Schwyzer, Aeschlimann, 

Simmen, & Goldhahn, 2011). There are many validated outcome measures for shoulder pain 

and disability, due to the vast number of contributors to shoulder pain. One individual PROM 

has not been able to capture every predictor, therefore many may reasonably be used in 

conjunction with one another when investigating shoulder pain outcomes (Angst, Schwyzer, 

Aeschlimann, Simmen, & Goldhahn, 2011). 

 

Theoretical use of patient reported outcome measures 

PROMs can be used as research tools for development studies, validation studies, predictor 

studies, and outcome studies. Development studies aim to create CPRs, validation studies use 

pre-established CPRs to test how robust a rule is when tested in different populations or study 
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settings. Predictor studies use pre-established PROMs, such as those mentioned above, to 

predict outcomes following an intervention. 

 

Development and validation of patient reported outcome measures 

PROMs are developed by assessing individual factors that may be associated with an 

outcome in a particular sample, and, by using the methods above, a final set of relevant items 

are compiled into one index or questionnaire (Roach et al., 1991). PROMs can be used by 

researchers to study different populations world-wide, which has allowed validation of those 

specific PROMs for different populations, allowing greater generalisability of each tool (Roy, 

Macdermid, & Woodhouse, 2009). Within validation studies the researchers often, among 

other things: 1) determine the internal consistency of the tool against another, or in another 

population, 2) perform factor analysis to determine variability among observed factors and, 

3) obtain construct validity to determine if the test actually measures what it claims to be 

measuring (Desai, Dramis, & Hearnden, 2010; MacDermid, Solomon, & Prkachin, 2006; 

Roy et al., 2009). 

 
Why meaningful change is more important than statistical significance when interpreting 

patient reported outcome measures 

When these tools are used in prediction studies it is important to obtain the value that 

represents meaningful change for each PROM that is used as a predictor variable. While 

tracking progress is important, knowing if the change is meaningful in a patient context is 

more purposeful. Measurement of change is reported as minimally important difference 

/change (MID)/(MIC), or minimal clinically important difference (MCID) (Harris, Brand, 

Cote, Faucett, & Dhawan, 2017; McGlothlin & Lewis, 2014). These values are established 

after the PROM has been validated against other outcome measures in specific populations 

(Hill, Lester, Taylor, Shanahan, & Gill, 2011). 

 

For analytical purposes, the MIDs allow the researchers to know the amount of change that 

must occur to be detected statistically. The magnitude of change is then determined by 

comparing the MCID (or like) of the PROM to the minimum detectable difference, which is 

the smallest difference that can be statistically detected in any study. If the MCID (or like) is 

smaller than the minimum detectable difference, the likelihood of it holding clinical utility is 

low (King, 2011). However, in practical clinical terms it is essential that the value that 

represents the statistical significance may not reflect the perception of clinical change that 
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occurred within the patient population (Harris et al., 2017; Page, 2014). Clinically, these 

values provide a pre-established minimum number that a user must reach to have achieved a 

change likely to be of sufficient magnitude to be positively or negatively impactful for the 

patient. Thus, knowing the difference between statistical significance and meaningful change 

is important when interpreting results, because although a result may not be statistically 

significant, a large number of the population may still have achieved a change that is 

subjectively important (McGlothlin & Lewis, 2014; Schmitt & Di Fabio, 2004). 

 

Summary 
 
Findings suggest that there are few observational studies that review the clinical course 

(Tangrood et al., 2018) and predictors (Struyf et al., 2016) for subacromial shoulder pain and 

fewer following CSIs. Fifty percent of shoulder pain presentations improve within 6 months, 

with a further 40% improving after 1 year (Tangrood et al., 2018). Corticosteroids have been 

shown to be effective at providing short-term relief of shoulder pain (Babatunde et al., 2017). 

Knowing more about the predictive value of case history items will help inform practitioners 

and patients for future shoulder pain presentations to give accurate professional advice for 

prognosis and management following a subacromial SASD bursal injection (Kuijpers et al., 

2006), and offer information to future researchers regarding which prognostic factors may be 

useful predictors of shoulder pain and disability following a subacromial SASD bursal 

injection. 
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Methodology 
 

This section of the literature review introduces the process that was used to determine the 

appropriate study design for this thesis. It first summarises why the current design was 

chosen, followed by paragraphs describing quantitative and qualitative methodological 

processes. This is followed by the Quantitative Hierarchy, and then compares other research 

designs to cohort studies to validate in depth why such design was chosen. 

 

A specific literature review was performed to establish what predictors exist of shoulder pain 

and disability before the Literature Review proper (Chapter I) was performed. Although over 

40 predictors of shoulder pain were identified, only factors that were found to be statistically 

significant in two or more articles were retained for this current research. Prognostic factors, 

such as baseline SPADI score, pain that disturbs sleep, work status and pain score at baseline 

etc. (Manuscript Supplementary Material), were found to predict change in shoulder pain and 

disability. It was identified through this Literature Review that the most prevalent study 

design when attempting to predict shoulder pain outcomes appeared to be the cohort study. 

Cohort studies have the ability to take a baseline representative sample and follow up over a 

long period of time (Silverman, 2009). For this reason, this current work implemented a 

prospective, observational cohort design. This study employs the strength of quantitative 

methodology to measure change in shoulder pain and disability. Using a prospective design 

mitigates the risk of recall bias often found in retrospective research (Sedgwick, 2013). This 

study method aimed to and provided an appropriate design to capture baseline measures and 

predict outcomes using follow up measures over three months. 

 

Quantitative and Qualitative methods 

Quantitative and qualitative studies both aim to add knowledge into a known ‘gap’ in 

literature. Quantitative researchers often reduce their question to fit a specific topic within the 

gap in literature before beginning the study (Castellan, 2010). Qualitative researchers, may 

not have a specific question, but a set of aims that need to be answered to begin an 

investigation (Castellan, 2010). 

 

Authors undertaking qualitative research aim to understand and report on the perspectives 

and lived experiences of those who they study, investigating the what, how, or why of a 

phenomenon (McCusker & Gunaydin, 2014). During analysis of qualitative data, the 
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researcher will often have to reflect on the situations, and identify themes and ideas from the 

data, to give a comprehensive review of their view on the underlying consumer disposition 

(Barnham, 2015). 

 

Researchers using quantitative methodology want to measure ‘how much’, ‘how many’ 

(McCusker & Gunaydin, 2014), or whether something is true (Barnham, 2015). The 

quantitative researcher often knows what they are looking for in advance, before beginning to 

study (Castellan, 2010), unlike qualitative researchers who discover themes within the study 

period (Barnham, 2015). Measuring quantitative data is often done using tools such as 

questionnaires or measurement equipment to obtain numerical data, which the researcher 

often needs to interpret to give meaning to that data (McCusker & Gunaydin, 2014). 

Quantitative data has been reported to be more efficient at testing hypotheses, whereas 

qualitative data may be more efficient at gaining contextual information (McCusker & 

Gunaydin, 2014). 

 

Quantitative hierarchy 

Within quantitative research, the well-known hierarchy of evidence commonly describes 

randomised control trials (RCTs) as the gold standard design, followed by cohort studies, 

case control studies and cross sectional studies, with the lowest quality of evidence being 

case reports, case studies, editorials and expert opinions (Grootendorst, Jager, Zoccali, & 

Dekker, 2010; Petrisor & Bhandari, 2007). Although RCTs are considered the best method of 

answering a question that is least at risk of bias, chance and confounding, many authors have 

shown that well-designed cohort studies can provide valuable results (Faraoni & Schaefer, 

2016; Ferreira & Patino, 2016; Grootendorst et al., 2010; Mariani & Pêgo-Fernandes, 2014; 

Song & Chung, 2010; Yang et al., 2010). Whether authors agree with this or not, an 

important point to make is that the study design needs to be appropriate for the research 

question, and the research question needs to be consistent with the literature (Brink, 2006). 

The current study sought to know what happens in practice to people who have a CSI, in a 

field where very little is known about them, therefore an observational cohort design was 

chosen. 

 
Cohort studies within the evidential hierarchy 

Cohort studies are third highest on the evidential table of hierarchy, behind systematic 

reviews and meta-analyses plus RCTs (Murad, Asi, Alsawas, & Alahdab, 2016). Systematic 
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reviews and meta-analyses provide summaries of a large sample of evidence. There is a lack 

of literature on predicting response following a CSI into the SASD bursa for shoulder pain 

and disability, therefore, the literature range was too narrow to perform such study design. 

RCTs remain the gold standard study type, and although RCTs are well designed to control 

and attribute effect, it may not be ethical or necessary for a control group to be refused the 

chance of receiving treatment in some studies (Faraoni & Schaefer, 2016; Ferreira & Patino, 

2016; Grootendorst et al., 2010; Mariani & Pêgo-Fernandes, 2014; Song & Chung, 2010). 

Similarly, in the present study, the observation of all participants receiving the intervention 

was better suited to the current literature rather than a sample of the population not receiving 

treatment. 

 

It has been reported that well designed observational studies can be complementary to RCTs 

(Ferreira & Patino, 2016; Grootendorst et al., 2010; Mariani & Pêgo-Fernandes, 2014; Yang 

et al., 2010), challenging a strict interpretation of the hierarchy of evidence. A cohort study is 

a type of observational study and is useful when investigating associations between 

pathologies and outcomes over time (Mariani & Pêgo-Fernandes, 2014; Yang et al., 2010). 

This type of study design was appropriate because the study had no effect on the process of 

the CSI, nor did the study remove the opportunity for any patient to receive a CSI, so that the 

researchers could capture the effects following the intervention in the closest way to the 

typical clinical context as possible. The advantages of using a cohort design is the ability to 

investigate multiple outcomes during the study period (Song & Chung, 2010), and it is more 

likely to replicate daily medical practice (von Elm et al., 2014). Within the current study, the 

researchers observed participants using questionnaires to assess baseline and follow up 

measures of shoulder pain, disability and other health related measures outlined in the 

methods section. 

 

The two other types of observational studies are case control and cross-sectional. Both 

designs have strengths and limitations, however, these designs were deemed less appropriate 

to the current research question. More specifically, performing a case control study would 

have been a less efficient use of the sample size available due to the fact that when a 

prospective design with an adequate sample size is achievable, a larger study design such as a 

cohort study would be more appropriate to capture more data. A cross-sectional study 

investigates data on disease at one time point only (Yang et al., 2010), and although this 

study design can be appropriate for investigating predictors, cross-sectional design cannot 
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assess patients at follow up periods (Song & Chung, 2010). Therefore, choosing this study 

design would have lost the ability to collect data for comparisons at follow up times. 

Prospective studies allow researchers to investigate outcomes in the present time and follow 

up in the future. It has been reported to be an effective study design because a researcher is 

able to tailor the outcome measures specifically to their research goal (Song & Chung, 2010). 

By comparison, within a retrospective study, the researcher is relying on previous data 

records, which may be incomplete, inaccurate or inappropriate toward the research question 

(Mariani & Pêgo-Fernandes, 2014; Song & Chung, 2010). A key component of a cohort and 

prospective study is the length of time the study has to continue to gain complete data 

(Grootendorst et al., 2010; Yang et al., 2010), often continuing for longer than 12 months 

(Song & Chung, 2010). Recommendations have been to use cohort and prospective studies 

on diseases that have shorter latency or symptomatic periods (Song & Chung, 2010) to ensure 

the study end date is met and that overspending does not occur during the study. This 

recommendation was adhered to in this current study, as CSI effects are suggested to last 

from 1-3 months (Cook, Lowe, Maybury, & Lewis, 2018b; Crawshaw et al., 2010; Garvey et 

al., 2018; Gasparre et al., 2012), with one study reporting effects lasting for 6 months 

(Garvey et al., 2018). 
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Abstract 
 
Background: Shoulder pain is debilitating and associated with substantial economic costs. 

Research into predictors of shoulder pain may allow for better referral processes and 

minimise time between diagnosis and appropriate treatment. There are many different 

predictors of recovery from shoulder pain, including measures such as the Shoulder Pain and 

Disability Index (SPADI), Numerical Rating Scale (NRS), and health surveys, plus different 

individual predictors such as age, gender and previous shoulder pain. Many studies have 

identified predictors of shoulder pain, though the type of shoulder condition is often not 

specified in research, therefore making the predictors unspecific to any shoulder condition. 

Corticosteroid injection (CSI) into the shoulder is a common method of treatment for 

shoulder pain, and has been reported to be effective for short-term pain relief. The majority of 

previous research has focused on the efficacy of corticosteroid injections, although little 

research has been undertaken into predictors of shoulder pain and disability following a 

corticosteroid injection into the subacromial-subdeltoid (SASD) bursa of the glenohumeral 

joint. 

Purpose: To identify prognostic factors associated with change of shoulder pain and 

disability following a CSI into the SASD bursa. 

Methods: Eligibility screening was undertaken on 137 people presenting for a routinely 

scheduled CSI. Of these, 77 participants were enrolled in the study and completed baseline 

measures (demographic information, SPADI, SF-8, TSK-11, PSEQ-2, PSQ-3, previous 

injury, medication use, previous CSI) before receiving a single CSI into the SASD bursa. 

Questionnaires were sent to participants at 3-5 days, 21 days and 84 days post-injection for 

follow up via an email link or telephone call. 

Results: Predictor variables (TSK-11, PSEQ-2, PSQ-3, and age) explained only 18% (p < 

0.0125) of the variance in SPADI total scores in the 64 participants whose data was analysed. 

The variance of pain scores (NRS) was 16.3% (p < 0.01) using the same variables as above in 

addition to the SPADI total score. Conclusion: The variables used in this study could not 

predict change following a CSI into the SASD bursa. 

 

 

 

Keywords: Shoulder pain, bursitis, subacromial impingement, corticosteroid injection, 
predictors, outcome measures.  
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Introduction 
 
Shoulder pain is a common presentation in primary care practices (1,2) and it has been 

reported as the third (3) and fourth (1) most common musculoskeletal (MSK) problem in the 

United Kingdom. Subacromial impingement syndrome (SIS) is the most commonly 

diagnosed cause of shoulder pain (4). Although there is disagreement amongst authors 

regarding the mechanisms of subacromial impingement, a commonly cited mechanism is 

repeated abduction of the arm, causing swelling of the tendon and compression on the bursa 

leading to irritation and inflammation (5). This may be predisposed by poor cervicothoracic 

and shoulder girdle function and repeated overhead arm activities (6,7). SIS is routinely 

treated using conservative methods, especially non-steroidal anti-inflammatory drugs 

(NSAIDs) and physical rehabilitation. When physical rehabilitation has failed to provide 

satisfactory pain relief, a corticosteroid is sometimes injected into the bursa as part of the 

conservative management (8). Corticosteroid injections (CSIs) are effective for short-term 

relief of shoulder pain, and some studies have concluded that CSIs used in conjunction with 

physical rehabilitation provide better outcomes than NSAIDs alone (9). 

 

The management of shoulder pain is a substantial socioeconomic burden, therefore 

investigating predictors of outcome following a CSI may be useful in determining under what 

circumstances such treatment is likely to be helpful. Predictors and outcome measures of 

shoulder pain are prevalent in research with over 40 possible predictors of recovery from 

shoulder pain (Manuscript Supplementary Materials), however few have successfully 

predicted recovery of shoulder pain (Manuscript Supplementary Materials). Although there is 

an abundance of predictors and outcome measures for shoulder pain, there are few studies of 

predictors of outcome following CSI into the subacromial-subdeltoid (SASD) bursa. 

Therefore, the aim of the study was to use outcome measures with pre-established predictors, 

then test these following a SASD bursal CSI to ascertain if changes in shoulder pain and 

disability could be predicted 
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Methods 
 

Design and setting 

This prospective observational cohort study involved observation of people who were 

referred for CSI by general practitioners, physiotherapists or osteopaths in the course of usual 

management of shoulder pain. The study did not affect the routine processes of the clinic in 

which it was based. This study enrolled participants who had been referred to a diagnostic 

and interventional radiologist, for ultrasound guided steroid injection, at a private diagnostic 

sonography practice located in Auckland, New Zealand. All participants provided written 

informed consent, and agreed to complete questionnaires about their experience of shoulder 

pain prior to, and after their scheduled corticosteroid injection. An online survey was 

designed to capture participants’ self-reported measures of shoulder pain, disability and work 

status and was administered at baseline (immediately prior to injection), follow-up at 3-5 

days, 21 days, and 84 days (3 months) post-injection. The study was approved by the Unitec 

Research Ethics Committee (Approval No.: UREC 2018-1065). Be advised that this study 

was undertaken in parallel with another research thesis, that is currently unpublished, that 

investigates change in symptom status (unpublished observations, L. Reumers, 2020). 

 

Sample 

Sample size for this study was dictated by the requirements for the parallel study 

investigating symptomatic outcomes (unpublished observations, L. Reumers, 2020), and was 

determined based on a two-tailed t-test for the difference between two dependent means (pre 

vs post), using G*Power software (v3.1.9.3). Based on the assumptions of an alpha of 0.05, 

and a power of 0.80, it was calculated that a sample size of n=52 would be sufficient to detect 

a ‘small to moderate’ effect size (d ~ 0.4). An additional 25 participants were recruited in 

order to account for any losses to follow-up and poor adherence in completing outcome 

measures. 

 

Recruitment and eligibility 

Convenience sampling (10) was used to recruit participants from two clinical sites, where the 

same radiologist, and same two sonographers provided interventions using the same 

protocols and processes at each location. Recruitment commenced on 4 February 2019 and 

concluded 15 weeks later on 21 May 2019, equating to 12 weeks of baseline data collection, 



46 

inclusive of a three (non-consecutive) week holiday closure of the clinic sites. Consecutive 

new patients making appointments for injection were informed at the time of booking that a 

study was being undertaken within the practice. If the participants expressed interest in 

receiving an invitation to participate they would be approached by a researcher on the day of 

the injection, who would share verbal and written information about the study, allow time to 

address any questions, and as appropriate would obtain written consent to participate in the 

study. The eligibility criteria for participation were, for inclusion: First, participants had to be 

scheduled to receive a corticosteroid injection into either their subacromial subdeltoid bursa, 

the acromioclavicular joint space, or the subacromial space itself, with a prior imaging 

diagnosis verified by the same radiologist of subacromial-subdeltoid bursitis, or capsulitis 

respectively; Second, were able to speak and write in English; Third, 18 years of age or older; 

Fourth, had access to an internet enabled device, or telephone for administration of follow-up 

questionnaires. Exclusion criteria were: First, the diagnosis was not subacromial-subdeltoid 

bursitis or capsulitis; Second, if the diagnosis had not been confirmed by the diagnostic and 

interventional radiologist (i.e. diagnosis had been made by other radiologist); Third, where 

the scheduled injection was intended to target a structure other than the acromioclavicular 

joint space, the subacromial space, or the subacromial subdeltoid bursa. 

 

Before receiving the baseline questionnaire, participants were verbally made aware of the 

follow up survey procedures that were also outlined on the consent form. These were: First, 

the follow up questionnaires would be administered by phone or email at their discretion; 

Second, they would be administered once at three different time points (3 days, 21 days and 

84 days) and; Third, If the follow up questionnaires had not been completed by two days after 

it was due, a reminder email and/or text would be sent. Only after receiving informed written 

and verbal consent was the baseline questionnaire administered. 

 

Primary outcome measures 

 
Shoulder Pain and Disability Index (SPADI). 

The SPADI was developed in 1990 (11), and consists of 13 items, comprising five pain 

subscale items and 8 items for the disability subscale. Studies have found the SPADI to be 

the most responsive instrument used in many shoulder pain settings (12) and valid in 

evaluating pain and disability for different shoulder conditions (12). Historically, ‘low’ floor 

and ceiling effects have been observed as reported in a 2009 review (13), and ‘high’ internal 
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consistency has been reported, with Cronbach’s alpha ranging from 0.85 – 0.97  (13,14). The 

minimal clinical important difference (MCID) is 8 points. If used on the same participant 

from baseline to discharge, the MCID is 18; anything less than this has been reported to be 

attributed to measurement error (12). 

 

Numeric Rating Scale via the SPADI sub-score. 

Numeric rating scales (NRS) have been shown, along with visual analogue scales, to be 

‘superior’ to the visual rating scale, as the prior two are interchangeable and are equally 

sensitive in assessing acute pain (15). The NRS has also been reported to have ‘high’ test-

retest reliability (r = 0.96 and 0.95) and is highly correlated to the visual analogue scale in 

regard to construct validity (0.86-0.95) (16). 

 

Predictor outcome measures 

 

The Tampa Scale of Kinesiophobia (TSK-11). 

The TSK is a questionnaire designed to measure fear of movement (17). The TSK-11 was 

developed by excluding the psychometrically poor items from the original 17-item TSK (18). 

The modified instrument produced similar psychometric properties when evaluated against 

the original scale, internal consistency (Cronbach’s alpha, TSK: 0.76, TSK-11: 0.79), test–

retest reliability (TSK: 0.82, 3.16; TSK-11: 0.81, 2.54), and responsiveness (TSK: 1.19; 

TSK-11: 1.11). The TSK-11 has more recently been reported to have ‘substantial’ test-retest 

reliability for shoulder specific complaints (19). 

  

The Pain Self-Efficacy Questionnaire (PSEQ-2). 

The PSEQ-2 was developed to assess pain self-efficacy using just two items from the original 

PSEQ-10 (20). While the values are not stated, the construct and convergent validity of the 

PSEQ-2 has been reported to be comparable to the PSEQ-10 (20). Reliability testing of the 

PSEQ-2 showed it has a ‘satisfactory’ level of internal consistency (0.73-0.80). Due to the 

sound psychometric properties, the PSEQ-2 is considered suitable for research purposes (20). 

 

The Pain and Sleep Questionnaire three-item index (PSQ-3). 

The PSQ-3 was developed to measure the effect of pain on sleep using only three items from 

the original PSQ (21). When developed it was reported to have ‘high’ internal consistency 
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(0.82-0.93) (21). Further validation of the tool in MSK research is not apparent in literature, 

potentially due to the recency of its publication in 2012. 

 

The Short Form 8 item health questionnaire (SF-8). 

The SF-8 questionnaire (22). has been reported psychometrically sound and able to use for 

short-term follow ups (23,24). 

 

Other variables captured in the survey were work status, education level and demographic 

information. Work status has been shown to be a predictor of pain and disability at short-term 

(25), long-term (26), and a predictor of chronic shoulder pain (8). Low Education level (27) 

has been shown to be a predictor of poor results (26) and functional capacity (28). 

Demographic data was obtained by the baseline questionnaire and the questions were 

provided by the World Health Organisation Survey (27). 

 

Intervention 

The intervention was an ultrasound-guided subacromial-subdeltoid corticosteroid injection, 

which was delivered by one vocationally registered specialist radiologist. The radiologist 

used clean surgical technique to administer 1ml of triamcinolone acetonide (Kenacort-A40®), 

and 3ml lidocaine 1% into the SASD bursa using a 25-gauge single-use needle. All patients 

undergoing injections were referred by their general practitioner, or other health providers 

(typically an osteopath or physiotherapist). Of the 77 patients recruited into the study, 74 

were funded by the Accident Compensation Cooperation (ACC) and three were funded 

privately. 

 

Baseline data collection procedure 

Based on booking information, the clinic administrator identified patients who had expressed 

interest in receiving study invitations. On arrival, these patients were approached by a 

researcher, invited to consider participating and were provided time to read the participant 

information form, ask questions of the researcher, and if consent was provided were enrolled 

in the study.  Following enrolment, each participant completed a paper-based baseline 

questionnaire while in the waiting area and prior to entering the clinic room. In a small 

number of cases (~15%), there was insufficient time to fully complete the baseline 
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questionnaire prior to injection, and in these cases, items were completed immediately after 

the injection while in the waiting room and before leaving the premises. 

 

Follow-up data collection procedures 

The first follow-up questionnaire was completed by telephone or sent by email to each 

participant on day 3 post-injection, with a request to respond within two days.  The second 

and third follow-up questionnaires were completed over the phone or sent via email to each 

participant at day 21 and day 84 respectively, with a request to respond within the same 

week. A reminder email or text was sent, and a phone call made if the follow-up 

questionnaires were not completed after 4 and 7 days respectively. Responses were excluded 

if there was no response within 10 days of the initial follow-up invitation. 

 

 
 
Figure 1. Study timeline.   
 
Data analysis 

After the conclusion of data collection, the MCID or MCD was identified for each of the 

outcome measures used as variables. The values from the MCID or MCD was used to define 

the clinically important difference during data analysis. The SPADI totals were coded into 

three categories of change: ‘Failure’ <18 points, ‘success’ >90 percent, and ‘improvement’ 

for the middle values. Since there is no consistent and reliable way of coding SPADI for 

analysis in current research, the current study elected to adopt two different measures for the 

codes above. Failure was measured as less than 18 points because it is equal to the MDC for 

SPADI, and success was measured at 90 percent or greater change because it is a reasonable 

value to assign when assuring the most success that would have occurred if a participant 

achieved this change. When coding the NRS results, an MCID of 3 points was used for 

‘failure’ <3 points, and ‘success’ 3 points or greater. When all data were collected, there were 

two subgroups of participants, bursal injections and capsule injections. The number of 
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participants (n=13) who had received capsular injections was grossly underpowered, and 

these data were therefore excluded from all subsequent analysis 

 

Raw data from each of the follow up points was extracted from SurveyMonkey to Microsoft 

Excel (Excel 2010, Microsoft Corporation, USA) spreadsheets . Total scores for each of the 

questionnaires were calculated for each participant. Data was imputed where missing data 

points constituted less than 10% of the total data per questionnaire per participant. The data 

was then imported into IBM SPSS statistics v24 (IBM Corp., Armonk, NY) for analysis.  

Visual inspection of box plots, P-P and Q-Q plots and the Shapiro-Wilk statistic were 

undertaken to investigate assumptions of normality (29). 

 

Binomial Logistic regressions were carried out for primary outcome measures: SPADI and 

NRS, to look for a relationship between the primary outcome measures, and predictor 

outcome measures at three months follow up determined as: TSK-11, Age, PSEQ-2, PSQ-3 

for both analyses, as well SPADI total score at baseline for NRS analysis. Two binomial 

logistic regression models were applied to determine predictors that increased likelihood of 

‘success’ and increase the probability of ‘failure’. Where data was not normally distributed, 

non-parametric tests were considered. However, central limit theory supports the use of 

parametric tests to be used on non-normal data when the sample size is greater than 30 (29). 

 

Results 
Out of 137 volunteers who were assessed for eligibility, 77 participants were enrolled into the 

study and completed the baseline measures (see Figure 2). Sixty participants were excluded 

in total; 40 did not meet the inclusion criteria (including 37 who were not receiving a 

shoulder injection, and three who were not fluent in English), and a further 20 declined 

invitations to participate. When reviewing raw data, an additional 13 questionnaires were 

unable to be analysed due to insufficient power within the subgroup of adhesive capsulitis. 

Baseline questionnaires from 64 people, 33 (52%) males and 31 (48%) females, were 

analysed (see descriptors in Table 1) along with further demographic data. The third follow 

up survey (T4) was analysed against baseline (T1) to predict response from CSI. 
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Figure 2. Baseline (T1) collections and follow up (T2,3,4) collection. 
Participant 
ID 

T1 T2 T3 T4 

1     
2     
3     
4     
5     
6     
7     
8     
9     
10     
11     
12     
13     
14     
15     
16     
18     
19     
20    * 
21     
22     
23     
24     
25     
28     
29     
30     
32     
33     
36     
37     
39     
40     
42     
43     
44     
45     
46     
47     
48     
49    * 
50     
51     
52     
54   *  
55     
56     
57     
59   *  
60     
62     
63     
64     
65     
66     
67     
68     
69     
70     
71     
72     
73     
75     
76     
77     
Notes; Figure 1 shows the progression across the different follow up time points. A PRISMA or CONSORT flow chart was misleading for this 
manuscript, and this figure represents each follow up point. 
* Occasions where participants completed the next follow up survey despite not completing the previous one. Meaning these participants were not 
excluded from further follow up surveys. 
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Table 1. Demographic information of all participants, whom 
received an SASD* bursal injection for a SASD bursitis diagnosis 

Variable SASD bursitis diagnoses 

(n = 64) 

Gender 

Male 

Female 

 

33     (52%) 

31     (48%) 

 
Age (years) 

Male    (mean ± SD) 
Female (mean ± SD) 
Total    (mean ± SD) 

 
51.9 ± 13.3 
53.3 ± 14.8 
52.6 ± 14.0 
 

Systemic information 
Diabetic 
Non Diabetic 

 
5     (8%) 
59     (92%) 
 

Completed level of education 
Intermediate  
High School 
University 
Postgraduate 
 

 
5     (8%) 
20     (31%) 
25     (39%) 
14     (22%) 
 

Work status 
Working 
Retired 
Not working 
Sick leave 

 

 
43     (67%) 
13     (20%) 
5     (8%) 
3     (5%) 
 

Ethnicity 
NZ/ Pākehā 
Other** 
Māori  
Samoa 
Indian  
Cook Isl. Māori 

 
48     (75%) 
7     (11%) 
4     (6%) 
2     (3%) 
2     (3%) 
1     (2%) 

*SASD = Subacromial-subdeltoid. 
**Other Includes: Afghani, British, European, Filipino, Korean. 
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Shoulder pain and disability analysis 

A binomial logistic regression was performed to ascertain the effects of age and predictor 

variables including TSK-11, PSEQ-2, and PSQ-3 on the likelihood that participants have a 

decreased total SPADI score after three months (Table 3). Linearity of the continuous 

variables with respect to the logit of the dependent variable was assessed via the Box-Tidwell 

(1962) procedure. A Bonferroni correction was applied using all four terms in the model 

resulting in statistical significance being accepted when p < 0.0125 (Tabachnick & Fidell, 

2014). Based on this assessment, no continuous independent variables were found to be 

linearly related to the logit of the dependent variable. The logistic regression model was not 

statistically significant, !2 (5) = 6.653, p = 0.248. The model explained 18.0% (Nagelkerke 

R2) of the variance in SPADI total scores. 

 

Table 3. Regression model to predict shoulder pain and disability at T4. 

Variables B SE Wald df p Odds 

Ratio 

95% CI for Odds 

Ratio 

       Lower Upper 

Age -.078 .894 .008 1 .931 .925 .160 5.335 

TSK_T1 .003 .060 .003 1 .958 1.003 .892 1.129 

PSEQ_T1 -.241 .190 1.607 1 .205 .786 .542 1.141 

PSQ-3_T1 .005 .004 1.528 1 .216 1.005 .997 1.014 

Note: B = beta, SE = standard error, Wald = Wald statistic, df =degrees of freedom  
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Pain analysis 

A binomial logistic regression was performed to ascertain the effects of age and predictor 

variables including SPADI, TSK, PSEQ-2, and PSQ-3 on the likelihood that participants 

decrease their pain scores (NRS) after three months (Table 4). Linearity of the continuous 

variables with respect to the logit of the dependent variable was assessed via the Box-Tidwell 

(1962) procedure. A Bonferroni correction was applied using all five terms in the model 

resulting in statistical significance being accepted when p < 0.01 (Tabachnick & Fidell, 

2014). Based on this assessment, no continuous independent variables were found to be 

linearly related to the logit of the dependent variable. The logistic regression model was not 

statistically significant, !2 (5) = 5.856, p = 0.320. The model explained 16.3% (Nagelkerke 

R2) of the variance in pain (NRS) scores. 

 
Table 4. Regression model to predict pain at T4. 

Variables B SE Wald df p Odds 

Ratio 

95% CI for Odds 

Ratio 

       Lower Upper 

Age .057 .028 4.077 1 .144 1.059 1.002 1.119 

TSK_T1 .036 .061 .347 1 .556 1.037 .920 1.168 

PSEQ_T1 .104 .194 .290 1 .590 1.110 .759 1.622 

PSQ-3_T1 .005 .005 .921 1 .337 1.005 .995 1.015 

SPADI_T_T1 -.001 .017 .007 1 .932 .999 .965 1.033 

Note: B = beta, SE = standard error, Wald = Wald statistic, df =degrees of freedom 

 

Variables that were excluded from analysis 

Some variables obtained from the intervention were not analysed. One variable that was 

excluded from data analysis was the SF-8 health survey. Data from the SF-8 health survey 

were not analysed, as local (New Zealand) normative data could not be obtained due to an 

inability to validate questionnaire formatting. Other variables that were excluded from 

analysis were: current work status, highest level of education achieved, previous injury to the 

shoulder, medication usage and a previous CSI in the involved shoulder. These variables 

were not analysed due to the responses being too low to yield enough power. 

  



55 

Discussion 
 
The aim of this study was to collate prognostic factors that have been previously identified in 

literature to predict change in shoulder pain and disability. This study then aimed to use 

prognostic factors to ascertain if they could predict changes following a SASD bursal CSI. 

The main finding was that the variables used (Age, TSK-11, PSEQ-2, PSQ-3) explained only 

18% of variance in SPADI scores. No factors were identified that could predict a response 

(improvement, worsening or the same) from shoulder pain and disability following CSI into 

the subacromial-subdeltoid bursa. Despite failing to identify predictors of change in shoulder 

pain and disability in SPADI and NRS scores, the clinical outcome in terms of magnitude of 

change was favorable. In a parallel analysis of the clinical outcome data from this study 

reported elsewhere (unpublished observations, L. Reumers), 84% of the participants 

improved significantly following the CSI, and although the magnitude of improvement was 

not stated, the results from that study suggest CSI was effective in the sample studied. 

However, this predictor study lacks capacity to explain factors associated with recovery. 

With the lack of significant findings and only 18% of the variance explained in SPADI 

scores, approximately 80% cannot be explained by the factors measured in this sample. To 

our knowledge, this is the first study to investigate predictors for successful clinical outcome 

(i.e. improvements in shoulder pain and disability) following a corticosteroid injection into 

the subacromial-subdeltoid bursa. 

 

Why the variables in this study may not have predicted significant change in SPADI 

scores 

There is previously published evidence for predictors of shoulder pain and disability, 

(Manuscript Supplementary Material) however, of the studies published, few studied the 

effects following a CSI into the SASD bursa. Prior to commencing this study no valid model 

was apparent for predicting the response to the CSI for shoulder pain, therefore, the aim was 

to identify known predictors for shoulder pain. The most commonly identified predictor in 

previous literature was the SPADI total score at baseline (Manuscript Supplementary 

Material). 

 

Many research studies have solely used SPADI as an outcome measure (14,30–38). Five 

other articles have used SPADI to investigate predictors of shoulder pain and disability 

(2,25,26,39,40). Four of these five studies found SPADI sub scores to be either associated 
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with (25), or a significant predictor of, shoulder pain and disability (2,26,39). All four studies 

reporting significant change in SPADI on follow up had sample sizes of exceeding 100, and 

three of those studies following up at 6 months or longer. The study of Ekeberg et al. (25) 

had a 6 week follow-up, but only showed a high SPADI score to be associated with success 

with the factors including decreasing age, male gender, high baseline pain and disability, 

being on sick leave and using regular pain medication. One recent abstract published by 

Smith (39) found little predictive value of the variables measured at 3-month follow up in a 

sample population of 76 participants. The original thesis from which the abstract by Smith 

was drawn from found that total SPADI and age accounted for only 15.7% of the variance in 

outcome change (40), a level of explained variance that is similar to the findings of the 

present study. 

 

The findings of this current thesis suggest that a person’s response to a CSI appears to occur 

independently of any of the factors measured here, although without a sham group, it is not 

possible to confidently conclude that the improvements recorded in the associated study 

(unpublished observations, L. Reumers) were solely attributable to the CSI. The apparent 

paucity of literature identifying predictors of CSI response in people with shoulder pain may 

suggest that it is possible there may be few factors which do predict recovery. It should be 

noted that this may simply be an absence of evidence, rather than pointing to a lack of ability 

to predict outcomes. Such speculation appears not to be entirely unfounded given authors 

such as Contreras (41) have suggested that outcomes following CSI are not easy to predict. 

These findings underscore the need for further larger scale research to elucidate whether 

predictors may exist. 

 

A further explanation may be related to publication bias in the biomedical field. It is well 

known that positive results are more likely to be published than negative or null results (42). 

For example, in 2007, 86% of all published research contained positive results, compared to 

70% in 1990 and 1991 (42). Hopewell (43) found that if 41% of negative trials are published, 

they would expect that 73% of positive trials to be published also. Due to the proportion of 

publication of negative results decreasing, it is becoming more difficult to identify studies 

similar to the present work with which to compare findings of this sort. 
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Clinical prediction rules 

There are two salient discussion points related to clinical prediction rules. The first pertains to 

the conditions that are needed to develop a clinical prediction rule and how this study aligns 

with those conditions. The second outlines reasons that could contribute toward a finding of 

no significant predictors or outcome. 

 

The conditions that must be satisfied to develop a clinical prediction rule 

Although it was not the aim of this work to formulate a CPR, it is important to discuss the 

necessary steps to develop a successful prediction study to show how well the methods 

employed here align with research guidelines for prediction studies. While there are many 

important steps necessary to develop a successful prediction study, as captured by the work 

of Cowley et al. (44), Childs and Cleland (45), Cook (46) and Adams (47), the following two 

points are of interest relative to the current thesis. Firstly, sample size should be considered 

carefully, by calculating the minimum number of participants needed for a successful 

outcome to occur (46), with recommendations of 10-20 participants per variable to limit bias 

in the CPR (47,48). Secondly, historical data dictates that the study site needs to be described 

to allow the researchers and readers to generalise the results appropriately (49). 

 

How these conditions align with our study 

During the development of this study, a sample size of 52 was calculated to be necessary in 

order to detect a small-to-medium effect size for symptomatic change, and an additional 25 

participants were recruited to account for loss to follow up and drop-out. Although 

compromised sample size is a common failing of clinical trials, the fact that our study 

explained only 18% of the variance in Age, TSK-11, PSEQ-2, and PSQ-2, may not be due to 

a sample size problem. A larger sample size may have generated a statistically significant 

regression model, however increased sample size alone is unlikely to have improved the 

variance explained or the magnitude of correlations. Although a significant result would 

allow more certainty in interpreting results (50), the magnitude of the correlation indicates 

how strongly associated the variables are (51,52), which are arguably more important in 

prediction studies of this type (46). 

 

This study had 12-16 participants per variable, satisfying the criteria outlined in Cook and 

Ogundimu’s recommendations (46,48). Interestingly, a prominent recent study by Laslett et 

al. (2) would have needed 99 more participants to reach the guideline of 10 participants per 
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variable, yet that study found six factors that predicted excellent change in SPADI scores at 3 

months. This is an interesting finding as studies commenting on the conditions required for a 

successful CPR state that if a study is under the recommended events-per-variable, the results 

are likely to be underpowered (46) and have biased estimates of regression coefficients (48). 

 

It has been recommended that a CPR should apply to a specific homogeneous sample, in 

order to develop a clinically useful tool that is relevant to the most specific diagnosis possible 

(46). The current study elected to examine a sample that was homogeneous, analysing data 

only from participants with diagnosed SASD bursitis receiving a CSI injection into the bursa. 

Many studies (2,26,39,53) investigate predictors of shoulder pain, however, those studies 

investigate heterogenous causes or diagnoses of non-specific shoulder pain, excluding 

research on adhesive capsulitis. For example, Laslett et al.’s (2) prediction study 

demonstrated significant predictors of change in SPADI over 3 months. However, it appears 

that the results from Laslett et al.’s previous outcome study (53) were combined and reported 

as a heterogeneous group for the prediction study, reported as “predictor variables and 

models … for primary care shoulder pain patients…”(2). Because Laslett et al. (2) predicted 

shoulder pain outcomes for a heterogeneous group, this may have led to a stronger ability to 

identify predictors of change in shoulder pain and disability. 

 

Limitations 

Due to the predictor variables showing little explanation for the variance in SPADI, the 

limitations will be discussed before the strengths, as they may intuitively relate to the 

findings of the study, however, the strengths that are discussed in the next section are also of 

importance. The extent to which the results can be generalised is limited for two main 

reasons. The study was conducted in two clinics and involved just two sonographers and one 

radiologist who routinely work closely together. While this study cannot generalise beyond 

either clinic, it is highly representative of the population of the two clinics where it took 

place. Performing it on a larger scale, perhaps involving nationwide study locations, would 

have enabled a strong representation of the population in New Zealand, although the 

logistical demands on doing so were beyond the scope and availability of funding for this 

study. 
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Study weaknesses and strengths 

The current design had some obvious weaknesses, such as the non-controlled nature of the 

intervention, and the non-random basis for participant sampling. The study design was 

chosen because of the lack of research in homogeneous groups of shoulder pain, but also 

because many authors use cohort design for prediction studies (39,41,53–56). This particular 

cohort study, while possibly the first of its kind in New Zealand, was not intended to include 

a control group. The absence of a control group is a limitation of internal validity in the 

study, where having a control group would have allowed analysis of inter-group significance 

and comparison of predictors of outcome. However, it was the researchers’ choice not to 

deprive a symptomatic group of the likely benefit of the intervention given the former points 

made. Moreover, the observational design (i.e. embedded within the routine practice of the 

clinic) also limited the ability to blind the researchers and practitioners. 

 

This study did not use random sampling. Random sampling would have minimised 

recruitment bias at two levels; by random sampling of people attending the clinics, and of the 

clinics chosen in New Zealand. However, this study recruited participants using convenience 

sampling from only two clinics in Auckland, both of which employed the same two 

sonographers and interventionist. Convenience sampling allowed the study to capture a group 

of people predominantly in the 40 to 60-year age bracket, including an even split between 

males and females, and the results were likely to be strongly representative of the patients 

attending these two clinics. Further, the use of convenience sampling allowed the study to be 

performed within the practical constraints of routine clinical practice, which enhanced 

ecological validity (41) and minimised inconvenience for participants and clinic staff. 

 

Within interventional study designs it is desirable to establish reliability of the practitioners 

required to make clinical decisions within a clinical trial. This allows researchers to know 

that each practitioner is likely to make an accurate diagnosis within the study, and each 

practitioner is in the same reliability range as the others within the study (31). Reliability 

testing was not performed on the two sonographers within this study. However, given they 

work within the same organisation, and use common scanning protocols and reporting 

practices, it is unlikely that there would be any meaningful discrepancies in diagnostic 

reliability between the sonographers. 
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An apparent weakness of the study was the duration of follow up. Data collection time points 

were selected because three months aligns with a portion of the literature. Follow up time 

points in current literature range from three to six weeks (2,53), up to 12 months (2,26,36,42), 

with one study predicting variables over five years (56). However, the duration of the study 

may also be considered a strength. Although the majority of the studies use a 12 month 

follow up time period, current literature states that a CSI is more effective for short term 

discomfort, providing 1-3 months of pain relief (31, 57–60), thus offering a clear rationale for 

only observing the participants for 3 months. 

 

A strength of the study design is the reliability of the diagnostic process and the rigorous 

inclusion criteria. All of the diagnoses were made by the same two practitioners who employ 

the same clinical processes. If a patient had a diagnosis from another imaging practice 

elsewhere but attended for injection, that person was excluded from the study, enhancing 

internal validity within the study. Further, the only diagnosis included in the research was 

SASD bursitis followed by a bursal injection. This is a strength of the current study compared 

to many other prediction studies, where others choose to predict outcomes in general 

shoulder pain groups, without identifying the specific pathological structures. Furthermore, 

few previous studies have focused on outcomes following CSI into the bursa for a bursitis 

diagnosis. 

 

Future considerations 

More research is required in the field of shoulder pain predictors, and the research performed 

needs to specify the diagnosis a priori in order to better test a clinical prediction model. This 

current study was one of few that employed both homogeneous diagnosis (i.e. all participants 

had a diagnosis of SASD bursitis) and intervention (i.e. all participants received CSI injection 

into the SASD bursa). Future studies need to take into consideration how the trade-off 

between generalisability and internal validity may be best achieved. Recruitment from clinics 

nationwide would allow for greater generalisability, but would require quality control 

systems to ensure consistent procedures by sonographers and injecting therapists to aide 

internal validity. 
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Conclusions 
 
The variables that were measured (TSK-11, PSEQ, PSQ-3, SPADI at T1 and age) were not 

found to be predictors of change in SPADI following a CSI into the SASD bursa of the GH 

joint. Although there have been previous studies investigating predictors of shoulder pain and 

reporting significant predictors of outcome, there are few studies which have investigated 

predictors of outcome following a CSI into the SASD bursa in a homogeneous group of 

people with SASD bursitis. 
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Manuscript supplementary materials 
 
Table 1 - Prognostic factors and outcome measures that have shown to predict outcomes of shoulder pain and disability 
 
Table 1 - Key factors that have been shown to predict outcomes of shoulder pain and disability  
Significant predictors References that found this Measurement Selected Description 

SPADI score baseline* (Rachel Chester, Jerosch-Herold, Lewis, & 
Shepstone, 2018; Ekeberg et al., 2010; 
Engebretsen et al., 2010; Hopewell et al., 2017; 
Laslett et al., 2015; Rhon et al., 2014; Smith, 
2018) 

SPADI questionnaire 13 items, 5 related to pain severity, 8 
related to disability. 

Pain best or eased when at rest (Laslett et al., 2014, 2015)   

SF-8 scores (Laslett et al., 2014, 2015) SF-8 questionnaire 8 items 

Pain disturbs sleep* (Hopewell et al., 2017; Laslett et al., 2015) Pain and Sleep Questionnaire 
three-item index (PSQ-3) 

1 = How often have you had trouble falling 
asleep because of pain? 2 = How often 
have you been awakened by pain during 
the night? 3 = How often have you been 
awakened by pain in the morning? 

FABQ baseline  (Laslett et al., 2014, 2015)   

Education level * (Engebretsen et al., 2010; Fernandes, 2017) WHO Heath Survey, derived from 
Pincus, 2008. 
 
 

What is the highest level of education that 
you have completed? 1 = no formal 
schooling, 2 = Less than primary school, 3 
= Primary school completed, 4 = 
secondary school completed, 5 = high 
school (or equivalent) completed, 6 = 
college/ pre-university, university 
completed, 7 = post graduate completed  

Gender* (Ekeberg et al., 2010; Laslett et al., 2015; Struyf 
et al., 2016) 

- Male/Female 
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Diabetes* (Donatelli, Ruivo, Thurner, & Ibrahim, 2013; 
Kingston, Curry, Galvin, & Li, 2018; Laslett et 
al., 2014; Wang et al., 2013) 

WHO health survey: Have you 
ever been diagnosed with 
diabetes? 

Yes/ No 

Age* (R Chester et al., 2013; Ekeberg et al., 2010; 
Fernandes, 2017; Kingston et al., 2018; Laslett et 
al., 2014; Struyf et al., 2016) 

WHO Health survey How old are you? (Years)  
- Under 18 
- 18-24 
- 25-34 
- 45-54 
- 55-64 
- 65+ 

VAS/VRS baseline score* (R Chester et al., 2013; Desmeules, Braën, 
Lamontagne, Dionne, & Roy, 2016; Ekeberg et 
al., 2010; Kuijpers et al., 2006; Laslett et al., 
2014; Struyf et al., 2016) 

SPADI sub-score How severe is your pain at its worst? 

Global disability/pain rating 
scale 

(Hopewell et al., 2017; Laslett et al., 2014; Rhon 
et al., 2014, 2011) 

  

Work status* (Desmeules et al., 2016; Ekeberg et al., 2010; 
Engebretsen et al., 2010; Hopewell et al., 2017; 
Kingston et al., 2018; Struyf et al., 2016) 

Derived from (Engebretsen et al., 
2010) 

Work status:  
1 = Working, 2 = not working, 3 = Retired 

History of trauma (same 
shoulder) * 

(Donatelli et al., 2013; Engebretsen et al., 2010)  Have you ever had an injury to 
the involved shoulder? 

Yes/No 

Poor self-reported health status* (Engebretsen et al., 2010; Hopewell et al., 2017; 
Struyf et al., 2016)  

SF-8 Overall, how would you rate your health 
during the past 4 weeks? 
1 = Excellent, 2 = very good, 3 = good, 4 = 
fair, 5 = poor, 6 = very poor 

Medication* (Ekeberg et al., 2010; Tveitå, Tariq, Sesseng, Juel, 
& Bautz-Holter, 2008) 

WHO health survey Have you been taking any medications for 
it during the last 2 weeks? – Yes/No 

Total number of corticosteroid 
injections* 

(Cummins, Sasso, & Nicholson, 2009; Ekeberg et 
al., 2010) 

1 = Have you had a 
corticosteroid injection in the 
involved shoulder before? 

1 = Yes/No 
2 = 1,2,3. 
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2 – If “Yes”, How many before 
this one 

Duration of shoulder symptoms (R Chester et al., 2013; Kuijpers et al., 2006; 
Struyf et al., 2016) 

  

Gradual onset of shoulder 
symptoms 

(Desmeules et al., 2016; Kuijpers et al., 2006; 
Struyf et al., 2016) 

  

Psychological/ psychosocial 
complaints* 

(Bagheri, Ebrahimzadeh, Moradi, & Bidgoli, 
2016; Desmeules et al., 2016; Kuijpers et al., 
2006; Struyf et al., 2016) 

SF-8 Sub-score 

Occupational stressors (Herin et al., 2012; Struyf et al., 2016)   

 
 
 
 
 
 



70 

Chapter III – Thesis Appendices 
 

Appendix A: Search process 

Appendix B: Ethics approval 

Appendix C: Participant information sheet 

Appendix D: Participant consent form 

Appendix E: Baseline survey 

Appendix F: Follow up 1 survey 

Appendix G: Follow up 2 survey 

Appendix H: Follow up 3 survey 
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Appendix A: Search process 
 
The bibliographic databases Medline (PubMed), Google Scholar and the Cochrane library 

were searched using initial keywords including “subacromial”, “steroid injection”, “shoulder 

pain” and “predict*”. Search results varied from 2 to 18,200 depending on the search engine 

and combination of keywords used. The search was refined by adding keywords “clinical 

outcomes”, “bursitis”, and/ or “prediction rule” “adhesive capsulitis”. The search was further 

refined when necessary to exclude terms such as “osteoarthritis” and “plasma”. Titles of 

shown articles were screened for relevance. Articles were selected based on the criteria of 

date of publication including and after the year 2008, unless original articles needed to be 

referenced, and the full text was available. The reference lists of articles were screened for a 

comprehensive inclusion of relevant research where necessary. The search process was 

successful as it allowed for a wide variety of literature to be reviewed, whilst being specific 

enough to identify articles relevant to the topic.  
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Appendix B: Ethics approval  
 
 

 
 
 
 
 
  

                 26th November 2018 

Dear Brooke, 

Ethics Application 2018-1065 Wells “ A Clinical audit of guided shoulder pain injection” 

Thank you for expanding justification/rationale as discussed 

As the Primary Reader of your application and under delegated authority from the Unitec 

Research Ethics Committee (UREC) I can now authorise you to begin your research.  

Please send an updated clean copy of all documents to Asher- Secretary- of UREC (Ethics 

committee) 

You will receive a formal letter of approval after the next UREC meeting.   

The following dates must be referred to on the Information Sheet AND Consent Forms given 

to all participants and to appear on all your documents: 

Start date: 26th Nov 2018                         Finish date: 26th Nov 2019 

 

Best wishes for your project.   

 

 

NB: you must inform UREC, in advance of any ethically-relevant modification in the project 

as this may require additional approval. 
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Appendix C: Participant information sheet 
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Appendix D: Participant consent form 
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Appendix E: Baseline questionnaire 
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Appendix G: Follow up 1 questionnaire 
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Appendix H: Follow up 2 questionnaire 
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Appendix I: Follow up 3 questionnaire 
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