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Abstract 

Proximal humerus fractures represent a significant burden to society in terms of disability to 

patients and healthcare costs. This thesis investigates the costs, health outcomes and cost-

effectiveness of treatment strategies for the management of complex proximal humerus 

fractures in elderly patients. 

A meta-analysis of randomised trials comparing treatment strategies was performed. A 

qualitative clinical study was conducted exploring patient perceptions of their injury and 

recovery. A cost-analysis based on the principles of time-driven activity base costing was 

conducted to investigate the institutional burden of treatment costs relative to the national 

tariff. Finally, two separate health economic evaluations (HEEs) were performed which 

investigated the cost-effectiveness of existing treatment strategies over a 2-year and a 20-year 

time horizon. 

Sub-group and sensitivity meta-analysis demonstrated that clinical outcomes were improved 

for patients undergoing hemiarthroplasty for 4-part fractures. Qualitative analysis revealed 

that patients perceived the following themes as important in their recovery; pain, sleep, 

shoulder function, emotional state, support networks, relationship with health professionals 

and experience of healthcare institution. The cost analysis found that there were wide 

variations in treatment costs and large institutional losses were incurred if hemiarthroplasty 

was performed. The HEEs found that hemiarthroplasty was the most cost-effective treatment 

strategy, however the 20-year model was less prone to uncertainty based on sensitivity 

analysis. 

Despite a quantifiable benefit to health outcomes when hemiarthroplasty is performed in an 

elderly population with complex fractures, the national tariff in the English NHS may not 

adequately reimburse hospitals that perform this procedure. Furthermore, this inequity in 
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financial reimbursement extends beyond the penalisation of clinically effective treatment; 

hemiarthroplasty also represents the most cost-effective treatment strategy for complex 

proximal humerus fractures in the English NHS. Finally, the measures of health outcomes 

within this field need further development so that they better represent the perceptions of the 

target population. 
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Chapter 1 

Introduction 

1.1 Epidemiology of Proximal Humerus Fractures 

In 2008 there were 184,000 fractures of the proximal humerus in the United States1. Global 

estimates of annual injury prevalence are as high as approximately 700,0002 and 

epidemiological analysis suggests that over the next three decades, the number of these 

fractures in an elderly population will triple3. This projection is of particular importance 

because the vast majority of these injuries occur in an elderly population1,4. Although almost 

77% of these injuries occur in women5 the age-specific incidence for patients over the age of 

60 years is increasing at a faster rate within the male population3. 

The absence of a national registry specific to these injuries makes epidemiological reporting 

of fracture sub-groups, based on morphology or complexity, limited to observational studies 

conducted at an institutional level. In the United Kingdom (UK), the largest such study was 

conducted in Edinburgh and found that over an 8-year time horizon, amongst patients over 

the age of 65, Neer type 3 and 4 fractures6 accounted for 17% of all proximal humerus 

fractures7. While conservative management of minimally displaced and 2-part fractures in 

older patients is considered the norm in patient care8, the management of more complex 

fractures remains controversial9, and therefore an epidemiological description of these 

injuries at a national level is relevant to the development of clinical research and health 

policy. 

In the UK the burden of these injuries can be extrapolated from Hospital Episode Statistic 

data which is commonly used to measure surgical activity in the English National Health 

Service (NHS)10. Patient-level data is not publically available, however estimates of the 

number of inpatient admissions demonstrate an upward trend in the number of cases between 
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2003 and 201211 (Figure 1.1). These figures which range from approximately 7,000 to 

15,000 cases per year are likely to grossly underestimate the number of cases because they do 

not include the large number of patients that suffer a fracture but do not require inpatient 

management. 

 

Figure 1.1. Year-on-year increases in admissions to hospitals in the English NHS with a proximal 

humerus fracture. 

Existing research also suggests patients that sustain a proximal humerus fracture have an 

increased age-specific mortality12. The 1-year mortality rate in a British population has been 

reported to be approximately 10%7. Female gender, advanced age and the presence of 

concurrent medical illness have been found to significantly increase risk of death at 1-year13, 

however there is a paucity of epidemiological data that quantifies the effect of fracture 

morphology or modality of treatment on patient mortality. 

Risk factors for proximal humerus fractures include osteoporosis and a history of frequent 

falls14. A history of previous fractures elsewhere in the body and low dietary calcium intake 
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are also predictors of injury, whilst menopausal hormone replacement therapy and calcium 

supplementation have been found to have a protective effect14. Specifically within a 

population over the age of 65, a prospective cohort study in the United States (US) that 

included 9,704 patients found that factors that independently predicted a proximal humerus 

fracture included a recent decline in health status, type I diabetes mellitus, infrequent walking 

and indicators of neuromuscular weakness15. Ethnicity has also been found to have an effect 

on global variation in the incidence of these fractures; Japanese populations have less 

proximal humerus fractures than Caucasian populations16. Increased risk in Japanese 

populations has been rationalised by lower bone mass, however this hypothesis remains 

controversial primarily because population differences in bone mass have been reported to be 

small to moderate17. 

The management of proximal humerus fractures is also subject to regional variations. A study 

of the National Emergency Department Sample in the US for 2010 to 2011 found that 

admissions to hospital were related to a number of non-medical factors including insurance 

status and geographic region18. Furthermore, examination of Medicare data in the States has 

also demonstrated that the rates of surgical treatment are also subject to regional variation19. 

1.2 Patho-mechanics of injury 

The earliest description of fracture mechanics has been attributed to Dr Ernest Codman, who 

in 1934 proposed that adult proximal humerus fractures occurred as a result of retained 

epiphyseal lines that acted as cleavage lines across which the humeral head could divide into 

4 main fragments20. Codman suggested that fracture displacement occurred as a result of 

impaction of the articular head on the superior glenoid, however the tuberosity fragments 

were only partially separated because of the surrounding periosteum and rotator cuff. 
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In 1970, Charles Neer proposed that fracture position was largely dependent on the forces of 

muscular attachments on the fracture fragments6, however the evolution and development of 

Neer’s work in more recent biomechanical research has described the majority of fractures 

occurring as a result of a “parachute reflex” 21. The outstretched arm is instinctively held in a 

flexed, abducted and internally rotated position which results in the head of the humerus to 

impact on the hard anvil of the glenoid and fracture. 

Observational analysis of patients that have sustained a proximal humerus fracture was 

performed in 2000 by Palvanen et al 22. In this study. 112 patients who had sustained a 

proximal humerus fracture were evaluated. The majority of patients reported falling to the 

side and obliquely forward and experienced a direct impact onto their shoulder. As such, the 

two main mechanisms reported in the evidence based literature are a “parachute reflex” fall 

with an outstretched arm and a direct impact injury to the lateral aspect of the proximal 

humerus. Comparative patho-mechanics of these two injuries and their effect on fracture 

morphology has yet to be described. 

1.3 Fracture Classification 

The study and proposals of classification systems for proximal humerus fractures can be 

traced back to ancient Greece and Rome23. The Hippocratic Corpus which is a collection of 

Greek work on medicine written between 440 and 340 BC, provided very rudimentary 

descriptions of proximal humerus fractures along with the manoeuvres required for fracture 

reduction23. More descriptive classification systems that reflected existing methods of 

classification emerged in the 19th century. Johann Ludwig Wilhelm Thudichum was a 

German physician whose 1851 doctoral dissertation entitled “On the Fractures Appearing at 

the Upper End of the Humerus”, provided a detailed classification system based on the 

anatomic level of fracture lines24 (Table 1.1).  
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Table 1.1. Adapted Thudichum Classification as described by Dr Stig Broroson25. 

Classification I -V 

I. Anatomic neck fracture 

A. Intracapsular without impaction 

1. Intracapsular fracture 

2. Intracapsular fracture dislocation 

B. Intracapsular fracture with impaction 

1. Intracapsular with impaction 

2. Intracapsular with impaction and tuberosity fracture 

II. Fracture of greater tuberosity 

III. Fracture of lesser tuberosity 

IV. Epiphysiolysis  

A. Epiphysiolysis 

B. Fracture involving epiphyseal line 

V. Surgical neck fracture 

A. Extracapsular without impaction 

B. Extracapsular fracture with impaction 

 

Towards the late 19th century, Kocher and Böhler developed their own classification system, 

which was also based on anatomic levels of the fracture26. Fractures were either at the level 

of the anatomic neck, the epiphyseal line or the surgical neck. This classification system, like 

Thudichum’s was limited by a lack of appreciation of fracture or fragment displacement. 

In 1934 Codman proposed the 4 segment classification system20. Codman’s system was 

based on the recognition that fractures of the proximal humerus typically occurred as a result 

of cleavage across the epiphyseal scars. The result of this pattern of injury was proposed to be 

a fracture pattern based on a combination of 4 possible fragments; the articular surface, the 

shaft and the 2 tuberosities. Codman’s work is well recognised in informing the classification 

system developed by Charles Neer that is commonly applied to modern day clinical 

practice27. Between 1953 and 1967, Neer analysed radiographs and the surgical findings of 

300 patients that had sustained a proximal humerus fracture and were treated at New York 
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Orthopaedic Hospital-Columbia Presbyterian Medical Center6. Neer also recognised the 4-

segment pattern, but added categories that included articular surface fractures and 

dislocations, which he considered important prognostic factors (Figure 1.2). Neer’s 

classification was considered comprehensive and evolutionary because it linked the patho-

mechanics of injury with the characteristics of fracture displacement27. Although it has been 

over 45 years since Neer first introduced this classification system, with the exception of the 

introduction of the valgus impacted 4 part fracture in 200228, it has had few modifications to 

it, and it remains a commonly applied framework for classifying proximal humerus 

fractures29,30. An interesting aspect of the displacement criteria, > 45° angulation and >1-cm 

separation, was that this was introduced because of the insistence of the journal editor27 at the 

time the classification system was first published6. Although universally applied, Neer has 

acknowledged that these thresholds were arbitrary and not developed in his research27. 
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Figure 1.2. The Neer four fragment classification for proximal humerus fractures6. Image used 

with permissions from Wolters Kluwer (Reference 160119-000702). 
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In the early 1980s, the AO organisation proposed an alternative classification system that was 

based on their position that the patency of the vascular supply of the articular head, as 

determined by the number of fragments and degree of displacement, was central to fracture 

prognosis and classification31. Fractures are classified as Type A.B or C. Type A fractures are 

extra-articular unifocal fractures, with no vascular insult and the smallest risk of avascular 

necrosis (AVN). Type B fractures are extra-articular bifocal fractures with partial vascular 

isolation of the articular segment and a slightly higher risk of AVN. Type C fractures are 

articular fractures that have total isolation of the vascular fragment and a high risk of AVN. 

Despite the descriptive nature of the AO classification it has not enjoyed the popularity and 

widespread application of the Neer classification, and this has been suggested to be secondary 

to its complexity and poor reproducibility32. 

More recently, Hertel et al proposed the Binary (Lego) classification system in 200433. This 

system was based on the intra-operative examination of 100 intracapsular proximal humerus 

fractures. Blood flow to the humeral head was measured and poor perfusion was found to 

correlate with a disrupted medial cortical hinge and metaphyseal head extension of less than 

8mm. By combining these positive findings with their Binary fracture configuration (Figure 

1.3), the authors concluded that they were able to better inform decision making on 

management of these fractures. Specifically, their system was predictive of head ischaemia 

and therefore was indicative of the success of internal fixation. Interestingly in contrast to 

Neer’s classification6, displacement was less important in prognosis and the Binary 

classification system has yet to be correlated with AVN. As a result of the limitations of 

existing classification systems, there is an increasing interest in developing improved 

methods of classification and a number of newer systems have been put forward over the last 

10 years34-36. Despite this, an overview of the literature makes it clear that Neer’s system 

remains popular, and this is perhaps underpinned by its simplicity. 
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Figure 1.3. The Binary (Lego) description as proposed by Hertel et al33. There are 6 possible 

fractures dividing the humerus into 2 fragments (1-6). There are 5 possible fractures dividing the 

humerus into 3 fragments (7-11). There is 1 fracture pattern dividing the humerus into 4 fragments. 

Image used with permission from Elsevier and Copyright Clearance Centre (License 

3792510310271). 

1.4 Limitations of fracture classification systems 

The Neer classification system which is recognised to be the most commonly used for 

proximal humerus fractures has been reported to suffer from poor inter and intra-observer 

reliability in research that dates back over 20 years37,38. Furthermore, a 2008 systematic 

review of reliability studies of the Neer classification system for fractures of the proximal 

humerus reported that existing research suggested that inter and intra-observer agreement 

levels were unsatisfactory39. The review also suggested that agreement was not improved if 
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tested amongst more senior orthopaedic surgeons, and fracture assessment by Computerised 

Tomography (CT) scan did not improve classification despite several studies suggesting that 

the poor quality of radiographs contributed to poor agreement levels. 

The AO classification system has also been subjected to research evaluating both 2 and 3-

dimensional imaging to determine the reliability of inter-observer agreement40. The study 

authors reported that both plain radiograph and CT evaluation by senior orthopaedic surgeons 

resulted in poor inter-observer agreement of classification. More recent comparative research 

that has examined the AO, Neer and the Binary (also called the HGLS) classification systems 

found that the Binary system had the highest inter and intra-observer reliability scores when 

classification was performed on the basis of plain radiographs41. Evaluation of rapid sequence 

prototype models of proximal humerus fractures has also found that the Binary system offers 

better inter-observer reliability than the AO, Neer and a novel classification system 

developed by Herbert Resch42. The importance of these findings is underlined by fact that the 

majority of published clinical studies have adopted Neer’s classification system. The 

implications of this are that the strength of existing research is degraded by the uncertainty 

that included patients have not been reliably categorised in relation to their fracture 

morphology. 

1.5 Quantitative Outcome Measures 

The interest in outcome measures, or the “End Result” as they were historically termed, has 

prevailed in orthopaedic practice for over 100 years. In 1904, Codman wrote “The common 

sense idea that every hospital should follow every patient it treats, long enough to determine 

whether or not the treatment has been successful, and then to inquire, ‘If not, why not?’ with 

a view to prevent similar failures in the future”43. While early measures of healthcare 

outcome were disease centred clinical outcomes, in recent years the pendulum has swung 
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towards patient centres measures based on the recognition that these two endpoints are not 

necessarily aligned, and the latter approach more appropriately informs decision making 

based on patients’ needs and perceptions44. This paradigm is seen in research evaluating 

treatment interventions for proximal humerus fractures, with more recent studies favouring 

the use of patient reported outcome measures (PROMS). 

1.5.1 Outcome measures in early research 

Ironically one of the earliest published case reports on the management of proximal humerus 

fractures reported their outcomes using an entirely patient centred approach. Writing in the 

Annals of Surgery, Dr Charles Brigham from San Francisco stated “The patient writes, 

January 12, I900, ‘ For the last ten days I have not experienced any pain whatever; the limits 

of motion are very much more than before the operation, and the manipulation of the arm 

does not cause pain as before. I can also sleep on the side without any inconvenience, which I 

could not do before. I feel satisfied that I shall get at least 75 per cent. of the normal function 

of the arm’” 45. Studies published in the 1940s and 1950s provided succinct and subjective 

observations on range of movement and function46-48. The first comprehensive system to 

evaluate outcomes for patients with a proximal humerus fracture was proposed by Neer in 

19706. His rationale for the proposed outcome measure was that the assessment of outcomes 

extended beyond accurate description of the lesion under discussion, but required a specific 

objective measurement of functional recovery. Neer included four domains in his assessment 

system; pain, functional range, strength and anatomy. Neer’s system for assessing patient 

outcomes was still applied 30 years after it was proposed8, however over the last 10 years 

proximal humerus fracture studies has adopted more recently developed functional 

assessment tool, patient reported outcome and health utility measures. 
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1.5.2 Constant Murley Score 

Christopher Constant and Alan Murley developed the Constant Murley Score (CMS) between 

1981 and 1986, and their final assessment measure formed part of Constant’s Master of 

Surgery thesis submitted to the University College Cork in 198649. The first publication of 

the CMS in 198750, described the assessment of shoulder function based on 4 components; 

pain, activities of daily living, range of movement and power (Table 1.2). 

Table 1.2. Components of the Constant-Murley Score and scoring for individual parameters. 

Adapted from Constant et al50. 

Scoring for individual domains 

Pain 15 

Activities of daily living 20 

Range of movement 40 

Power 25 

Total 100 

 

Overall, content validity analysis of the CMS score has showed that if distinguishes well 

between different populations and their disability in relation to shoulder function, however 

there is an absence of published analysis in patients with a proximal humerus fracture51. Inter 

and intra-rater reliability have also been shown to be strong, and the overall strength of the 

CMS as an outcome measure appears to have been recognised within shoulder research 

networks, as it has been widely adopted in clinical research51. Furthermore, it has been 

endorsed by the Société Européenne pour la Chiurgie de l’Épaule et du Coude (SECEC), who 

in 1991 proposed that it should form part of outcome assessments submitted to their society 

and the Journal of Shoulder and Elbow Surgery49. A key limitation of the CMS has been 

variation in the methods adopted for measuring strength49. Updated guidelines for use of the 

CMS published in 200849 are likely to have standardised this aspect of the assessment, 
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however historical variation in practices does add to the limitations of earlier clinical research 

that adopted these measures. 

1.5.3 The Oxford Shoulder Score 

The Oxford Shoulder Score (OSS) was first described in a study published in 1996 by 

researchers in Oxford who developed a 12-item questionnaire based on patients’ perceptions 

of their shoulder related pathology52. The patient population studied included those with a 

“degenerative or inflammatory condition” of the shoulder, who presented to an elective 

orthopaedic clinic. Although the development of the OSS was based on a population that 

excluded patients with proximal humerus fractures, subsequent research was performed to 

test its correlation with the CMS in the assessment of patients with this injury53. The OSS 

correlated well with the CMS for this group of patients, however an important caveat to these 

findings was that there is an absence of published research that describes the construct 

validity of the CMS in relation to patients with a proximal humerus fracture51. 

The uptake of the OSS in recent years has been substantial in upper limb and specifically 

proximal humerus fracture research, perhaps owing to an increased popularity of PROMs, but 

also because it addresses the potential reporting bias that non-patient reported measures are 

inherently vulnerable to54. An additional benefit of the use of the OSS is its validity in 

retrospective application55. This is particularly important in the assessment of proximal 

humerus fractures because it is not possible to capture pre-injury scores if the outcome 

measure is prone to recall bias. A 2012 review of national shoulder and elbow joint registries 

found that it was used by 3 out of the 7 national joint replacement registries as an outcome 

measure56. A large number of recently published randomised trials (RCTs) in upper limb 

orthopaedics have used the OSS as a primary or secondary outcome measure57-60, and notably 

the Proximal Fracture of the Humerus: Evaluation by Randomisation (PROFHER) trial, a 
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pragmatic multicentre RCT comparing surgical and non-operative management of proximal 

humerus fractures, used the OSS as a primary outcome measure29. The OSS has also been 

validated for use across a vast number of cultures, with published validation studies 

stretching from China61, to the Middle East62, Europe63 and South America64. The prevalence 

of its application and validation in recent years strongly suggest that it will be adopted in 

clinical research evaluating proximal humerus fractures in the coming years. 

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

The DASH score is 30 point self administered questionnaire that was developed by the 

American Academy of Orthopaedic Surgeons (AAOS) in 199665. The rationale for 

assessment of the entire upper limb rather than the shoulder in isolation is that the upper limb 

us a single functional unit66. Construct validity has been established for a number of elective 

upper limb musculoskeletal conditions67, as well as upper limb fractures68. The DASH score 

has also been adopted as a secondary outcome measure in RCTs evaluating interventions for 

proximal humerus fractures30,69. 

1.5.5 Health Utility Measures 

Health utilities are a means of measuring health-related quality of life based on estimates of 

an individual’s health state70. The components that define the value of a health state are 

specific to the rating scale adopted, but generally consist of health attributes such as physical 

function, social function, psychological well-being and bodily pain. The measure of health 

utilities is based on a scale from 1 to 0, where 1 is perfect health and 0 is death. The 

importance of health utilities is that they can be transformed into quality adjusted life years 

(QALYs) which are a universal endpoint used in health economic analysis71. Furthermore 

they offer clinicians and policy makers an opportunity to compare the treatments benefits 

across specialties which may help inform decisions on appropriate resource allocation. 
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Health utilities are generally adopted in combination with shoulder-specific functional 

measures and this is likely to be because they are unable to evaluate condition-specific 

dysfunction in isolation72. Paradoxically, shoulder-specific outcome measures do not reflect 

health-related quality of life well enough and therefore their use in isolation is not sufficient 

to fully draw conclusions on patients’ general health state73,74. Recent research in the field of 

proximal humerus fractures has consistently adopted health utility measures29,30,74 and the 

published protocols of ongoing RCTs75,76 also describe the use of these measures in 

evaluating patient outcomes. The availability of these measures provide health economists 

with a wider pool of data to conduct cost-effectiveness research, which is often limited when 

it arises from a single-centre because of a lack of external validity of the data77. Furthermore, 

as the need for health economic research increases because of growing financial pressures on 

health services, health utilities derived from clinical trials may offer the opportunity to 

perform less costly and time consuming health economic analyses. 

1.6 Qualitative Outcomes 

Qualitative analysis in the study of patient outcomes after a proximal humerus is absent from 

the existing evidence based literature. Commonly overlooked in orthopaedic research78, 

qualitative analysis involves research that attempts to uncover or interpret phenomena based 

on the perceptions of people79. The Cochrane Collaboration have described it as involving 

“an interpretive, naturalistic approach to its subject matter” and giving “priority to what the 

data contribute to important research questions or existing information”80. An example of 

how qualitative research could be applied might be in an attempt to understand why patients 

choose to have conservative management rather than surgical treatment after a proximal 

humerus fracture. The traditional model of quantitative research is too restrictive and rather 

than testing a priori hypothesis the most suitable means of generating an understanding of the 
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patient perspective is from the exploratory and interpretive approach offer by a qualitative 

methodology. 

Another key application for qualitative research is in the early stages of developing 

PROMs81. In this area of research, qualitative analysis is used to identify the aspects of 

patients’ health states that are important to them, and subsequently introduced into 

psychometric evaluation in the final development and validation of PROMs82. Such work is 

limited in orthopaedics and the development of existing PROMs in the upper limb have either 

been based on aspects of outcome viewed to be important by clinicians65, or patient 

perspectives obtained in methods that haven’t met the clearly defined and recognised 

framework of qualitative analysis52 (Figure 1.4). The use of qualitative analysis in elderly 

patients’ perceptions of outcomes after a proximal humerus fracture is particularly relevant, 

because the suitability of existing quantitative measures may be lacking. This is because the 

construct validity of commonly used outcome measures such as DASH and the OSS are not 

based on analysis of a population of elderly patients with proximal humerus fractures. 

Furthermore, the methods used to generate items that form the basis of these scores might not 

accurately reflect aspects of well-being that these patients value. 

Another important aspect of qualitative research is when it is performed in parallel with 

RCTs. A systematic review of the literature found that between 2008 and 2010, there were 

296 published RCTs that reported qualitative research was performed alongside their trials83. 

The rationale for performing parallel research is that policy makers believe that qualitative 

work adds value to the findings of clinical trials why providing a context to the findings that 

make them more easily translatable into health policy84. 
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Figure 1.4. Structured framework of thematic analysis as described by Braun and Clarke85. 

Permissions for use of image obtained from Taylor & Francis Group. 

1.7 An Overview of Treatment Modalities 

The management of proximal humerus fracture has been recorded in surgical texts throughout 

the last 3 millennia23. Modern-day management is either based on non-operative or surgical 

treatment, with the latter intervention encompassing a wide range of different techniques. 

Despite a large volume of basic science and clinical research that has investigated the various 

treatment modalities, they remains substantial controversy and contradiction regarding what 

is the most appropriate treatment based on different patient populations or fracture types86-88. 
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1.7.1 Conservative Management 

The vast majority of proximal humerus fractures are undisplaced or minimally displaced and 

are successfully managed with non operative treatment89. This usually consists of a period of 

shoulder immobilisation in a sling, with concomitant supervised rehabilitation. Some research 

has indicated that physiotherapy commencing within 2 weeks of injury results in better 

patient outcomes90 however adopted practices are largely variable91 and there is an absence of 

national or organisational guidance to standardise the non-operative patient pathway. 

Decision-making that informs clinician choice of conservative management is based on a 

myriad of factors. Okike et al performed a retrospective analysis of 229 patients who 

presented to 2 hospitals in the US with displaced proximal humerus fractures92. The authors 

reported that multivariate analysis found that patients were more likely to be managed 

conservatively if they were over the age of 70 years and there was an absence of other 

orthopaedic injuries. Furthermore patients were less likely to undergo surgical treatment if 

their fracture severity based on the AO classification was lower, there was less displacement 

of fracture fragments and there had not been an associated dislocation of the glenohumeral 

joint. The study also found that patients were less likely to undergo surgical treatment if they 

were under the care of a generalist orthopaedic trauma surgeon, rather than a specialist in 

shoulder surgery. 

Although conservative management does not carry the overt risks such as infection and 

iatrogenic neurovascular injury that may occur with surgery, complications can occur 

including malunion, AVN, post-traumatic osteoarthritis, subacromial impingement, rotator 

cuff deficiency and chronic pain93. A number of these patients also go on to require surgical 

management of the sequelae of their injury; Pascal Boileau reported on the late management 

of sequelae of proximal humerus fractures94. Of the 70 patients that underwent shoulder 
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arthroplasty at his institution over a 4-year period, 73% had been managed conservatively and 

27% had received operative treatment to fix the initial fracture. 

1.7.2 Surgical Management 

Many of the indications for surgical management are consensus driven or based on expert 

opinion because the volume of Level I evidence that informs practice remains relatively small 

with no statistically significant treatment effect seen from surgical intervention95. Murray et 

al provided a framework for treatment and described factors that contributed to how decision-

making in the management of patients was informed96 (Figure 1.5). The authors proposed 

that fractures that may benefit from internal fixation include: 

1. Fractures with tuberosity displacement > 1cm 

2. Fractures with a displaced fragment of the articular surface of the head attached to a 

displaced tuberosity fragment 

3. Unstable 2-part surgical neck fractures where there is disengagement of the shaft from 

the humeral head 

4. 2,3 or 4-part fractures with varus or valgus deformity of the humeral head to the shaft 

>30° from the normal head-shaft inclination of 130° 

5. 3 or 4-part anterior fracture dislocations caused by propagation of a Hill-Sachs lesion and 

with retained soft tissue attachments of the humeral head at surgery 

6. 3 or 4-part posterior dislocations caused by propagation of a Hill-Sachs lesion and with 

retained soft tissue attachments of the humeral head at surgery 
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Figure 1.5. Flowchart by Murray et al96 depicting factors that influence decision-making in the 

management of patients with a proximal humerus fracture. Permissions obtained from the Bone and 

Joint Journal. 

Although recommendations for treatment such as those described for internal fixation are 

useful in informing clinical practice, there is a lack of consistency or clinical evidence to 

support many of the recommendations. For instance in contradiction of some of the 

recommendations made by Murray et al96, Voos et al recommended hemiarthroplasty for 

patients over the age of 70 with displaced 3 or 4 part fractures97. Some of contradiction in 

recommendations of care are likely to occur because of the myriad of fracture classification 

systems that are adopted in clinical research. It is also possible that performance variability 

between shoulder surgeons also leads to different surgical techniques being recommended for 

the same fracture. A further limitation within the literature is that amongst the existing RCTs 

comparing surgical and conservative management, the sample sizes are not sufficient large 

enough to produce conclusions on the indications for surgical treatment95. One way of 

overcoming this obstacle is by performing meta-regression or sub-group and sensitivity meta-
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analysis to evaluate how fracture morphology or specific treatment interventions affect 

patient outcomes. To-date no meta-analytical study based on RCTs has adopted these 

techniques95. Another approach in better understanding the outcomes of surgical treatment 

would be the study of registry data. Large samples of patient data that include clear and 

descriptive information on patient and fracture characteristics are currently not available for 

proximal humerus fractures, however their potential importance and application is well 

recognised by other researchers in this field29. 

A number of surgical techniques are used in the management of proximal humerus fractures 

including minimally invasive reduction and percutaneous fixation, intramedullary nailing, 

open reduction and internal fixation (ORIF) and arthroplasty98. Generally, 3 or 4-part 

fractures that undergo surgery are preferentially managed with ORIF or arthroplasty99. ORIF 

is commonly performed using locking plates. These plates have gained popularity over the 

last 15 years and underpinned an increase in ORIF because of consensus that they represent a 

more reliable construct than a standard plate, and they offer an opportunity to salvage the 

humeral head100. Hemiarthroplasty is commonly used for elderly patients with fracture 

comminution or a humeral head split, however their application in the setting of associated 

rotator cuff injury is challenging and has led to an increased use of reverse shoulder 

arthroplasty in a trauma setting98. The evidence base that informs choice of procedure for 

more complex fractures has not led to recommendations or treatment criteria that are widely 

recognised or applied, however the growth of research in this area is indicative that evidence-

based guidance may be available in the not too distant future (Figure 1.6). 
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Figure 1.6. Publication of research on the management of proximal humerus fractures by 

modality of surgical treatment since 1975. Data obtained from Scopus ® document search. 

1.8 Health Economics Considerations 

Health services around the world face growing pressure to deliver high quality patient 

care on a finite budget101. As the global population expands and the proportion of frail 

older people with a myriad of treatable medical illnesses grows, the finite financial 

resources that are available are increasingly stretched102. Although it may seem preferable 

to deliver healthcare that only focuses on patient experiences and outcomes, ‘scarcity’, 

the economic principle that that there are insufficient resources to satisfy all human 

needs103, underpins why health professionals and policy makers need to be mindful of the 

cost of treatment. 

In the United Kingdom the pressure on health services has been widely recognised in recent 

years104. Although nominal investment in the NHS has been increasing, real term 

investment which represents investment in relation to inflation, has fallen105. A large 
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number of hospitals report growing deficits and their ability to deliver safe and high quality 

healthcare is challenged by these financial pressures106. There have been various narratives 

regarding how to overcome these problems, however the concept of value in healthcare is 

one that is readily recognised by health economists, clinicians and policy makers as being 

fundamental to delivering high quality health care at the lowest possible cost107,108. In 

health economics value is commonly measured by examination of health outcomes in 

relation to cost. Health outcomes are quantified by QALYs in the UK and the cost of 

treatment is either estimated based on the cost of medical treatment, or the overall cost of 

treatment, social care and loss of opportunity costs which is defined as a societal cost. 

Acceptable value for medical interventions in the NHS have been set by the National 

Institute of Health and Care Excellence (NICE) at a willingness to pay (WTP) threshold of 

£20,000/QALY109. 

1.8.1 Health economic nomenclature 

Health economic evaluations (HEEs) consist of a number of different types of analyses, each 

with its own utility. Cost-analysis studies, where only the cost of two or more interventions 

are investigated, are not considered HEEs. A HEE is defined as the comparative analysis of 

alternative courses of action in terms of both their costs and consequences110. The types of 

health economic evaluations are summarised in Table 1.3.  
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Table 1.3. Summary of types of HEEs. Adapted from Kernick103 with Permissions from the BMJ 

(license 3794190641446). 

Form of evaluation Measures and valuation of outcomes 

1. Cost minimisation analysis (CMA) Outcomes must be equivalent and the focus is on measurement 

of costs. 

2. Cost effectiveness analysis (CEA) Natural units (for example life years gained, Oxford Shoulder 

Score) that are common to competing interventions and costs are 

combined to determine the incremental net benefit of one 

intervention over another. 

3. Cost utility analysis (CUA) Health outcomes are based on health utilities represented as 

QALYs. In combination with the cost of each intervention, an 

incremental benefit of QALYs and costs between interventions 

is calculated. This methodology is important because national 

health policy decisions are based on QALYs. Often used 

interchangeably with CEA, but if unit of effectiveness is not a 

utility cannot be called a CUA.  

 

1.8.2 Existing economic research on proximal humerus fractures 

Based on the knowledge that proximal humerus fractures are commonly occurring 

musculoskeletal injuries4, the economic burden of disease and treatment requires 

consideration. Cost analysis research within this field has only been conducted in the US, and 

it is probable that their interest has stemmed from the heated debate on treatment costs that 

has developed around the implementation of the Affordable Care Act, a law which attempts 

to enable universal healthcare for all US citizens111. A 2013 study performed by Harvard 

Medical School found that higher surgeon volume was associated with lower hospital costs 

for proximal humerus fractures112. The authors suggested that hospital policy on minimum 

volume requirements by hospitals could results in substantial financial savings. A 2015 cost 

analysis performed by the University of Rochester examined cost drivers in the treatment of 

patients with a proximal humerus fracture and quantified the financial impact of 

complications of treatment113. Such research has an important role in shaping health policy, 

however these studies like many other cost analyses in medical research rely on hospital or 

insurance charges rather than actual treatment costs114. The distinction is an important one to 
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make because top-down estimates of treatment cost, which are often adopted when setting 

charges are viewed to be less accurate than bottom-up estimates110. Furthermore, the 

discrepancy between treatment costs derived by these differing methods is seen across 

healthcare, and importantly it is seen in orthopaedic surgery115. 

In the United Kingdom cost analysis research on proximal humerus fracture management is 

limited in the published literature95. However, cost-analysis research has generally been of 

interest to policy makers and clinicians because of the framework through which the NHS 

reimburses hospitals for healthcare; a system called payment by result (PbR)116. This system 

involves hospital submitting annual estimates of treatment costs to the UK’s Department of 

Health, who then calculate an average tariff for each treatment and reimburse hospitals based 

on this tariff. A number of studies have found that reimbursement grossly underestimates 

treatment costs and as a result hospitals are unfairly financially penalised117,118. The main 

problem that hospital managers or clinicians have faced when attempting to estimate true 

treatment costs has been a lack of robust methodology. In the last few years there has been a 

rapid increase in the application of a new costing methodology called time driven activity 

based costing (TDABC)119. Developed at Harvard Business School, this bottom-up approach 

considers the unit cost of all the staff in a treatment pathway, as well as the medical 

consumables involved in patient care. Although it is time consuming in its design, TDABC is 

viewed to be the most accurate tool for healthcare costing that is currently available114. The 

importance of such tools in relation to proximal humerus fracture management, is that that 

they provide an opportunity to accurately understand the financial burden of treatment in 

relation to national tariffs, they identify cost-drivers that can be subjected to cost-

minimisation practices, and they can more accurately inform the costing parameters in HEEs. 
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To date there have only been 2 health economic evaluations based on interventions for the 

management of proximal humerus fractures11,120. Fjalestad et al120 published their analysis in 

2009 based on a HEE performed in parallel with an RCT they conducted in Norway between 

2003 and 2008. This study included 50 elderly patients (>60 years) with complex fractures (3 

and 4-part). The authors concluded that there was no significant difference between surgical 

treatment, with a locking plate, and conservative management. This study does not meet the 

formal definition of a HEE because it did not aggregate health utilities and costs as an 

incremental cost effectiveness ratio (ICER), rather the study presented incremental costs and 

utilities as separate entities. Such research is termed cost-consequence analysis (CCA)121. 

Although CCA has an important role in developing health policy, there are some limitations 

in the applicability of Fjalestad’s study. Firstly, because this analysis was performed in 

parallel to a single centre RCT it lacks external validity122. Surgical practices and costing in 

different hospitals and countries are likely to vary123. As such, informing practices in a 

clinical setting where this research was not conducted is not appropriate. Furthermore 

Norwegian and UK health services have recognised differences in health delivery and 

costing124,125 which makes application of these findings to the NHS particularly challenging. 

Another important consideration in the interpretation of this study is that although the mean 

health utilities in surgically managed patients were higher, costs between the two treatment 

groups was similar. The high cost of conservative management was driven by a prolonged 

inpatient stay for patients and the associated inpatient rehabilitation costs. Outpatient care for 

conservatively managed proximal humerus fractures is generally considered the norm for 

most patients126 and therefore the costs that informed Fjalestad et al’s conclusions appear 

inflated for this group of patients. Overall, although this study is an important part of the 

limited economic literature available in this field, its ability to inform practice based on the 

economic framework in the NHS is limited. 
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The 2015 HEE performed alongside the PROFHER trial is the second economic study 

performed within his field95. The strengths of this study are that data was derived from a large 

multicentre RCT in the UK, and therefore this study has increased external validity and 

applicability to practice within the NHS. However, the pragmatic design of the PROFHER 

trial meant that approximately 50% of included patients had a 2-part fracture and the surgical 

interventions included were broad. The study found that surgical practice was not cost 

effective in the UK. In the context of evaluating individual interventions in the management 

of 3 or 4-part fractures in elderly patients a more specific research design is required. To 

better understand the health economics of commonly adopted management principles for 

complex proximal humerus fractures in elderly patients, there are 2 potential options that 

could deliver conclusions to inform clinical practice and health policy. Firstly, the design and 

implementation of large RCTs like PROFHER, but with more specific inclusion criteria 

based on fracture complexity, and the segregation of specific surgical interventions would be 

an ideal basis for a HEE in this field. Secondly the application of decision analytical 

modelling to data derived from a national registry, or existing RCTs is a method advocated 

and commonly used by health economists77. By comparing the costs and health consequences 

from multiple data sources, conclusions can be generated with more external validity, and the 

sensitivity analysis performed in conjunction with the primary analysis offers valuable insight 

into the uncertainty of conclusions derived from existing research. Decision analytical 

modelling commonly informs the conclusions of National Institute for Health Research 

recommendations on cost-effective practices127-129 (Figure 1.7), and its potential application 

to existing proximal humerus fracture research requires closer examination. 
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Figure 1.7. Decision analytical model applied to determining large NHS cost-effectiveness study 

of cemented, cementless and hybrid hip replacement130. Data was input to the model from national 

registry data. Permissions for image use obtained from BMJ (License 3795880171673). 

1.9 Scope of the Thesis 

This thesis is concerned with evaluating and comparing the health and economic outcomes of 

different management strategies for elderly patients with 3 and 4-part proximal humerus 

fractures. An evaluation of health outcomes will be performed using both qualitative and 

quantitative methodologies. Economic outcomes will be studied using recognised principles 

for cost analysis and health economic evaluations. 

1.10 Rationale for the Thesis 

Although the conclusions of existing meta-analyses have indicated that there is no difference 

in health outcomes between surgical and non-operative of proximal humerus fractures, 

heterogeneity between the included studies based on fracture complexity and surgical 

interventions employed makes the conclusions of such research limited in their clinical 

application. There is a need for the use of meta-analytical methods such as sub-group and 
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sensitivity analysis which may provide an opportunity to better understand the treatment 

effects in more complex fractures and for specific treatment interventions in elderly patients. 

An absence of published qualitative research that has evaluated elderly patients’ perceptions 

of their health outcomes after sustaining a complex proximal humerus fracture has limited the 

understanding of whether existing quantitative outcome measures are truly patient-centred. 

As evidence based medicine moves towards a patient-centred model of care, qualitative 

analysis in this field may provide better insight into what aspects of recovery elderly patients’ 

value and should be subjected to quantitative measurement. 

The true cost of treatment is often inaccurately estimated in health care due to poorly 

developed tools for accounting for treatment costs. Micro-costing approaches such as 

TDABC are recognised to be more accurate and are increasingly adopted in healthcare cost 

analyses in. Using such methodology to estimate the cost of management of proximal 

humerus fracture treatment is important in the English NHS because it more accurately 

represents the monetary benefits or losses of individual treatments in relation to national 

reimbursement. 

Health economic evaluations are valuable research tools to inform clinicians and policy 

makers about how to best inform clinical practice based on scare healthcare resources. Such 

evaluations for complex fractures in an elderly population are absent within the evidence-

based literature. The use of decision analytical modelling can allow the outcomes of existing 

research to be integrated into an economic analysis with external validity. Such methods 

inform national recommendations in the NHS yet have not been used for elderly patients with 

a proximal humerus fracture who represent a sizeable burden amongst musculoskeletal 

injuries occurring in the UK. 
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Finally, the rationale for a focus on elderly patients was based on a recognition that these 

patients represent the largest sub-group of individuals that sustain proximal humerus 

fractures3 and the health and economic outcomes of their management may be distinct from a 

young adult population131,132. Elderly age is commonly defined by chronological measures in 

orthopaedic research as patients ≥ 65 years133. As such this was the definition adopted in this 

thesis. Complex fractures of the proximal humerus can be defined in accordance with specific 

classification systems. As the Neer system is the most common classification system 

currently applied to research in this field134, complex fractures were defined as Neer type 3 or 

4 fractures. These fractures are the subject of most the debate that surrounds the management 

of proximal humerus fractures87 and therefore a better understanding of their health and 

economic outcomes is of great value to decision making in clinical practice and guiding 

health policy. 

1.11 Thesis Aims  

The overall aim of this thesis is to improve the understanding of health and economic 

outcomes of treatment strategies for elderly patients (>65 years), with complex proximal 

humerus fractures (Neer type 3 or 4). More specific objectives are to: 

1. Perform a meta-analysis, including sub-group and sensitivity analysis, to evaluate the 

differences in quantitative health outcomes within existing RCTs that evaluated treatment 

interventions for elderly patients with a complex proximal humerus fracture. 

2. Use a qualitative analytical approach to better understand the experiences of elderly 

patients who had sustained a complex proximal humerus fracture. 

3. Estimate the cost of surgical treatment of fractures of the proximal humerus using a 

micro-costing methodology, contrast this cost with the national reimbursement tariff and 

establish the major determinants of cost. 
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4. Perform a HEE using a decision analytical tree modelled on existing published evidence, 

and to identify what is the most cost effective treatment option for complex proximal 

humerus fractures within an English NHS setting over a 2-year time horizon. 

5. Perform a HEE using a Markov chain model to determine the most cost-effective 

treatment intervention for complex proximal humerus fractures in an elderly population 

within an English NHS setting over a 20-year time horizon. 
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Chapter 2 

Meta-analysis evaluating the effect of fracture complexity  

and choice of surgical intervention on treatment effects  

in the management of proximal humerus fractures 

2.1 Introduction 

Proximal humerus fractures account for almost 10% of all fractures in patients over the age of 

65135. Epidemiological research has shown an increase in the incidence of this injury, and this is 

widely regarded to be the result of the growth of an ageing population136. A number of 

classification systems have been proposed over the last 40 years to describe fracture morphology 

and guide management42. Interestingly, there is a recognised upward trend in the incidence of 

surgical management19 despite a lack of expert consensus or clinical evidence to support the 

choice of surgical intervention over non-operative management91. Since the 2012 Cochrane 

Review that concluded that there was insufficient evidence to inform on the management of 

these fractures 91 there has been emerging Level I evidence137 within the field. The most recently 

published of such studies to be published was the PROFHER trial, a multicentre randomised 

controlled trial (RCT) 29. Like other RCTs that have previously investigated treatment 

interventions for proximal humerus fractures138,139, a variety of fracture types classified 

according to the Neer’s system6 were included within their study population. Following the 

publication of the PROFHER trial, updated meta-analysis have been published95,140, however 

these have lacked a comprehensive application of sub-group and sensitivity analyses to better 

understand the effects of fracture complexity or type of surgical intervention. 

Heterogeneity amongst RCTs investigating a treatment effect for different interventions in 

the management of disease and injury is an important and occasionally overlooked research 

concept141. When clinical heterogeneity between RCTs is associated with statistical 

heterogeneity amongst their treatment effects, decision-making on how to apply research 
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findings to clinical practice may be affected by the relevant patient or disease related 

factor142. In the case of meta-analysis, pooling data from such trials may also be 

questionable142. Identifying the clinical characteristics that underpin statistical differences in 

treatment effects provides an opportunity for the design of future RCTs. By conducting RCTs 

that have inclusion criteria that avoid the clinical heterogeneity identified in previous trials 

there is a perception that the treatment effects are more clinically applicable and 

informative143. This is particularly relevant to the management of proximal humerus 

fractures, where the variability in proximal humerus fracture morphology as well as the 

different surgical treatments available may be a reason for the lack of clinical implementation 

of findings from pragmatically designed RCTs or meta-analyses. 

The aim of this meta-analysis is to provide an updated summary of outcomes of RCTs comparing 

surgical and non-surgical treatment of elderly patients with displaced proximal humerus fractures, 

and more specifically to establish whether increasing fracture complexity or type of surgical 

intervention produce treatment effects that are distinct from the overall meta-analysis. 

2.2 Methods 

2.2.1 Review protocol 

This study was performed in accordance with the guidelines from the preferred reporting 

items for systematic reviews and meta-analyses (PRISMA)144. 

2.2.2 Search Strategy 

A systematic search was performed in PubMed, EMBASE and Cochrane databases (January 

1st 1975 – May 1st 2015) using the search term “proximal humerus”. Studies were selected for 

further analysis after reading the individual abstracts. Additional citation review was 

performed using PubMed’s related articles search to identify other studies that may be 

suitable for analysis. 
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2.2.3 Inclusion and Exclusion criteria 

All randomised controlled trials that compared surgical and non-surgical management of 

proximal humerus factures were included. Study inclusion was not restricted by the type of 

surgical repair performed or the fracture-types included. Studies that described conservative 

treatment that involved a closed reduction under general anaesthesia were excluded. RCTs 

were only included if the mean age of patients was 65 or above. Only English language 

studies were included within the analysis and studies that did not include patient follow-up 

for at least 1 year were excluded. Two reviewers independently selected the relevant articles 

and reviewed their full texts to assess their eligibility. Discrepancies were resolved following 

assessment by a third reviewer. 

2.2.4 Outcomes of Interest and Data Extraction 

The following information was extracted from each study: authorship, year of publication, 

sample size, single/multicentre status, mean population age, fracture classification system 

used, fracture types included, surgical procedure performed, non-operative protocol, 

rehabilitation protocol, duration of follow up and patient outcomes. 

Four outcomes of interest were extracted to compare surgical treatment with conservative 

management: 

1. Functional outcome based on the Constant Score (CS). 

2. Quality of Life Assessment (QLA) based on the EuroQol or 15-D instrument. 

3. Additional surgery (secondary surgery following a complication of primary treatment). 

4. Adverse events or complications: avascular necrosis (AVN), post-traumatic osteoarthritis 

(OA) and non/malunion. 
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2.2.5 Risk of bias in individual studies 

The Cochrane Collaboration’s tool for assessing risk of bias in randomized controlled trials145 

was used by two reviewers who independently assessed each domain of every study. A third 

reviewer was used to resolve potential discrepancies. Sensitivity analysis was performed to 

investigate whether risk of bias within the studies effected meta-analysis results for the pre-

determined outcomes of interest. 

2.2.6 Statistical analysis 

Meta-analysis was conducted in line with recommendations from the Cochrane Collaboration 

and PRISMA144. Analysis was performed in Review Manager® Version 5.3. The summary 

statistics for dichotomous data (secondary surgery and adverse events) were odds ratio (OR), 

whereas the effect measure for continuous data (Constant Score and Quality of life 

assessment) was mean difference (MD), both reported with 95% confidence intervals (CI). 

The point estimate of the MD was considered statistically significant at p <0.05 if the 95% CI 

did not include the value 0. An odds ratio was considered statistically significant at p < 0.05 

if the 95% CI did not include the value 1. Data was analyzed using a random effects Mantel-

Haenszel model. 

Publication bias was assessed by graphical exploration with funnel plots. Heterogeneity was 

assessed using the I2 statistic. This represents the proportion of total variation between 

included studies attributable to differences between studies rather than sampling error 

(chance). The degree of heterogeneity was graded as low (I2<25%), moderate (I2 =25-75%) or 

high (I2>75%). 

Three strategies were used to investigate potential causes of statistical heterogeneity within 

the included studies: (1) subgroup analysis of RCTs based on the predominant fracture-type 

within the study (>50% are 2-part, >50 are 3-part and >50% are 4-part; (2) sensitivity 
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analysis by meta-analysis of studies based on their risk of bias; (3) sensitivity analysis by 

meta-analysis of studies based on whether arthroplasty or internal fixation was performed for 

more than 80% of included cases. For sensitivity analysis, both fixed and random effects 

models were adopted and outcome measures were reported for each. Meta-regression was not 

performed due to the limited number of RCTs identified. 

2.3 Results 

Seven studies29,30,69,138,139,146,147 published between 1975 and 2015 met the inclusion criteria 

for comparing surgical and non-surgical treatment of displaced proximal humerus fractures 

(Figure 2.1). These included a total of 528 patients; 50% underwent surgical treatment and 

50% were managed conservatively. The results from one study group investigating the same 

group of patients were published as three separate studies that reported on different outcomes 

as well as outcomes at different follow up periods120,138,148. For the purpose of the analysis, 

these are reported as a single study. Six studies adopted the Neer classification system, with 

the one study that used the AO/OTA classification system stating that only 3 or 4 part 

fractures were included. Amongst the 7 studies, there were 3 studies that included only 4 part 

fractures, 2 studies that included 3 and 4 part fractures, 1 study that included only 3 part 

fractures and 1 study that included all fracture types (Table 2.1). 

2.3.1 Outcomes of interest 

2.3.1.1 Constant score 

Four studies30,69,138,146 reported a CS at 12 month follow up, of which there were 2 subgroups; 

1 that included 2 studies with >50% 3-part fractures and another that included 2 studies with 

> 50% 4-part fractures. Meta-analysis of these studies showed comparable functional 

outcomes at 12 month follow up based on the CS (MD 2.82, 95% CI -2.17 to 7.82; p = 0.27), 

with no overall heterogeneity or heterogeneity between the subgroups. 
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Three studies30,69,148 reported a CS at 24-month follow up, of which there were 2 subgroups; 1 

that included 2 studies with >50% 3-part fractures and another with 1 study with >50% 4 part 

fractures. Meta-analysis of these studies showed comparable functional outcomes at 24 

month follow up based on the CS (MD -0.20, 95% CI -6.68 to 6.39; p = 0.95), with no overall 

heterogeneity (I2 = 0%) or heterogeneity between the subgroups (I2 = 0%). One study with 

>50% 3-part fractures reported a CS at 50-month follow up and when included in the meta-

analysis of 24-month follow up studies there was no statistically significant difference in 

outcome (MD -1.24, 95% CI -7.07 to 4.59; p = 0.68). 

2.3.1.2 Quality of Life Assessment 

Four studies29,30,69,148 included quality of life outcomes or health utilities at 12 month follow 

up. Meta-analysis of these studies revealed that overall there were comparable health utilities 

at 12 month follow up for surgically and conservatively managed patients (MD 0.02, 95% CI 

-0.02 to 0.06; p =0.38), with low overall heterogeneity (I2 = 6%) and low heterogeneity 

between subgroups (I2 = 16.4%). These studies also reported health utilities at 24 month 

follow up and there was also no significant difference between patients treated surgically or 

conservatively (MD 0.06, 95% CI -0.04 to 0.16; p = 0.22), with moderate overall 

heterogeneity (I2 = 55%) and moderate heterogeneity between subgroups (I2 = 68.2%). There 

was an observable trend towards favorable outcomes for patients treated surgically as fracture 

complexity within the studies increased and the single study that included 4-part fractures had 

a significantly improved health utility score for patients managed surgically at 24 months 

follow-up (Figure 2.2 and 2.3). 

2.3.1.3 Additional surgery 

All seven studies reported on additional surgery following a failure or complication of the 

primary treatment. Overall, meta-analysis of all the studies (Figure 2.4) showed no 

statistically significant difference between patients who were initially managed surgically 
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compared to those managed conservatively (OR 1.88, 95% CI 0.92 to 3.85, p = 0.08). 

Although there was minor heterogeneity (I2 = 4%) between the 7 studies, sub-group analysis 

between studies with >50% 2-part fractures, studies with >50% 3-part fractures and studies 

with > 50% 4-part fractures revealed moderate heterogeneity (I2 = 60%). Furthermore, sub-

group analysis of studies with > 50% 3-part fractures produced a statistically significant OR 

favoring conservative management (OR 6.47, 95% CI 1.59 to 26.38; p = 0.009). 

2.3.1.4 Adverse events or complications 

All seven studies reported on complications or adverse events occurring as a result of surgical 

or conservative treatment. Overall, meta-analysis of the studies (Figure 2.5) showed no 

statistically significant difference in the incidence of AVN, post-traumatic OA and 

mal/nonunion between the two groups (OR 0.51, 95% CI 0.25 to 1.05; p = 0.07). There was 

moderate overall heterogeneity (I2= 34%), which was increased when heterogeneity between 

sub-groups was assessed (I2= 60.80%). Furthermore, only sub-group analysis of studies with 

>50% 4-part fractures demonstrated a statistically significant difference in treatment 

outcomes with less adverse events likely in patients undergoing surgical treatment (OR 0.14, 

95% CI 0.25 to 1.05; p=0.003; I2 = 0%). 

2.3.2 Assessment of bias 

Using the Cochrane Collaboration’s tool for assessment of bias, 5 studies were rated as ‘low 

risk’ of bias29,30,69,146,148, 1 was rated as ‘high risk’ of bias147 and 1 was found to have an 

‘unclear risk’ of bias139 (Figure 2.6). Studies that were rated as low risk all had clearly 

defined randomization methods, however across all 7 studies there a lack of blinding of 

participants and clinicians noted. These were rated as ‘unclear risk’ instead of ‘high risk’ 

because of a perceived impracticality of blinding patients and clinicians when comparing 

surgical and non-operative treatment. Selective reporting was difficult to assess across most 
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the trials, however one study had a published protocol29 in which the stated outcomes of 

interest matched those within the final publication and this was judged to be at ‘low risk’ of 

bias. 

Funnel plots (Figure 2.6) based on re-operation and adverse events as outcomes of interest 

were created to evaluate publication bias. For both evaluations, all the studies were found to 

lie within a 95% CI as represented by the inverted funnel, suggesting an absence of 

publication bias. 

2.3.3 Sensitivity analysis 

Sensitivity analysis was performed on studies based on their risk of bias in order to determine 

whether methodological heterogeneity influenced statistical heterogeneity of outcome 

measures, and also to evaluate the effect of type of surgical treatment on outcomes (Table 2.2 

– Table 2.5). Studies at ‘low risk of bias’ were subjected to meta-analysis separately from the 

2 studies where the risk of bias was ‘unclear’ or ‘high risk’. 

When sensitivity analysis was performed on studies based on the predominant surgical 

procedure carried out, a significant treatment effect in QLA at 24 months was found for the 

single study that performed hemiarthroplasty (MD, 95% CI 0.04 to 0.28; p = 0.007). 

Hemiarthroplasty studies were also less likely to result in the pre-defined adverse events (OR 

0.14, 95% CI 0.04 to 0.51; p = 0.03). For a fixed effects model, re-operation rates were 

higher in studies where the predominant surgical treatment was internal fixation (OR 1.98, 

95% CI 1 to 3.93). Hemiarthroplasty studies included only 4-part fractures. Internal fixation 

studies included all fracture types. There was moderate heterogeneity within the internal 

fixation studies when evaluating re-operation as an outcome of interest (I2 = 47%). There was 

no heterogeneity found in any of the meta-analysis performed for hemiarthroplasty studies. 
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Figure 2.1. PRISMA Flow Diagram showing search strategy 
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Table 2.1. Characteristics of studies included in the meta-analysis 

Author (Year) Country 

Single-centre/ 

Multicentre  Sample size 

Mean age 

surgical group 

Mean age 

conservative group Surgical procedure 

Fracture type 

(Neer classification) 

Rangan et al. (2015)29  United Kingdom Multicentre 250 66.6 65.4 Plate fixation (82.6%) 

Hemiarthroplasty (9.2%) 

Other (8.2%)  

2 part (51.2%) 

3 part (37.2%) 

4 part (4.4%) 

1 part (7.2%) 

Boons et al. (2012)146 Netherlands Single centre 50 76.4 79.9 Hemiarthroplasty 4 part 

Fjalestad et al. (2012) 

*120,138,148 

Norway Single centre 50 72.2 73.1 Plate fixation  3 part (52%) 

4 part (48%) 

Olreud et al. (2011) (H)30 Sweden Single centre 55 75.8 77.5 Hemiarthroplasty 4 part 

Olreud et al. (2011) (F)30 Sweden Single centre 60 72.9 74.9 Plate fixation  3 part 

Zyto et al. (1997)139 Sweden Single centre 40 73 75 Tension band fixation 3 part (92.5%) 

4 part (7.5%) 

Stableforth (1984)147 United Kingdom Single centre 32 65.6 70.1 Hemiarthroplasty 4 part 
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Figure 2.2. Meta-analysis of health utilities reported at 12 months showing a non-significant trend towards improved outcomes for patients managed 

surgically as fracture complexity increases 
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Figure 2.3. Meta-analysis of health utilities reported at 24 months showing a non-significant trend towards improved outcomes for patients managed 

surgically as fracture complexity increases 
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Figure 2.4. Forest plot demonstrating that trials with predominantly 3 part fractures were less likely to undergo secondary surgery if managed 

conservatively 
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Figure 2.5. Forest plot demonstrating that trials with predominantly 4 part fractures favoured surgery when adverse events were evaluated at a minimum 

of 1 year follow up 
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Figure 2.6. Cochrane risk of bias summary for 7 included studies (+ represents low risk, ? 

represents unclear risk, - represents high risk) 
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Figure 2.7. Funnel plot demonstrating risk of publication bias based on A re-operation as an outcome measure and B adverse events as an outcome 

measure 
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Table 2.2. Sensitivity analysis of Constant Scores based on choice of surgical intervention and risk of bias showing no significant effect on treatment 

effect or heterogeneity between trials 

 

Studies where surgery was 

arthroplasty for >80% cases 

Studies where surgery was 

fixation for >80% cases Studies with low risk of bias 

Studies with unclear  

or high risk of bias 

Outcome of 

interest 

Fixed effects 

model 

Random effects 

model 

Fixed effects 

model 

Random effects 

model 

Fixed effects 

model 

Random effects 

model 

Fixed effects 

model 

Random effects 

model 

Constant score at 24 months 

Number of studies 1 2 3 0 

Number of patients 49 95 144 - - 

MD -1.30 -1.30 0.55 0.55 -0.20 -0.20 - - 

95% CI -11.67, 9.07 -11.67, 9.07 -7.98, 9.07 -7.98, 9.07 -6.78, 6.39 -6.78, 6.39 - - 

P value 0.81 0.81 0.90 0.90 0.95 0.95 - - 

Heterogeneity 

within group  
- - I2 = 0% I2 = 0% I2 = 0% I2 = 0% - - 

Heterogeneity 

between groups 

(fixed effects, 

random effects) 

I2 = 0%, I2 = 0%, - 
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Table 2.3. Sensitivity analysis of QALYs based on choice of surgical intervention and risk of bias showing a significant improvement for the study 

where >80% of cases where treated with hemiarthroplasty compared to conservative management. Moderate heterogeneity was also found within studies with 

low risk of bias. 

 Studies where surgery was 

arthroplasty for >80% cases 

Studies where surgery was 

fixation for >80% cases Studies with low risk of bias 

Studies with unclear  

or high risk of bias 

Outcome of 

interest 

Fixed effects 

model 

Random effects 

model 

Fixed effects 

model 

Random effects 

model 

Fixed effects 

model 

Random effects 

model 

Fixed effects 

model 

Random effects 

model 

Quality of life assessment at 24 months 

Number of studies 1 3 4 - 

Number of patients 49 294 357 - 

MD 0.16 0.16 0 0 0.05 0.06 - - 

95% CI 0.04,0.28 0.04,0.28 -0.07, 0.07 -0.07, 0.07 -0.01,0.11 -0.04, 0.17 - - 

P value 
0.007 (favours 

surgery) 

0.007 (favours 

surgery) 
0.92 0.92 0.14 0.22 - - 

Heterogeneity 

within group 
- - I2 = 0% I2 = 0% I2 = 55% I2 = 55% - - 

Heterogeneity 

between groups 

(fixed effects, 

random effects) 

I2 = 12.3%, I2 = 12.3% - 
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Table 2.4. Sensitivity analysis of secondary surgery rates based on choice of surgical intervention and risk of bias showing a significantly reduced risk of 

re-operation for patients managed conservatively compared to surgically in trials where >80% of cases were treated with a locking plate. Similar effect 

identified on evaluation of trials at low risk of bias. 

 Studies where surgery was 

arthroplasty for >80% cases 

Studies where surgery was 

fixation for >80% cases Studies with low risk of bias 

Studies with unclear  

or high risk of bias 

Outcome of 

interest 

Fixed effects 

model 

Random effects 

model 

Fixed effects 

model 

Random effects 

model 

Fixed effects 

model 

Random effects 

model 

Fixed effects 

model 

Random effects 

model 

Reoperation or secondary surgery 

Number of studies 3 4 5 2 

Number of patients 137 397 463 70 

OR 2.34 2.28 1.98 2.78 1.96 2.30 3.18 3.18 

95% CI 0.51, 10.82 0.47, 11.05 1, 3.93 0.74, 10.49 1.02, 3.76 0.82, 6.45 0.31, 32.06 0.31,32.06 

P value 
0.28 0.30 0.05 (favours 

conservative) 

0.13 0.04 (favours 

conservative) 

0.11 0.33 0.33 

Heterogeneity 

within group 

I2 = 0% I2 = 0% I2 = 47% I2 = 47% I2 = 33 I2 = 33 I2 = 0% I2 = 0% 

Heterogeneity 

between groups 

(fixed effects, 

random effects) 

I2 = 0%, I2 = 0% I2 = 0%, I2 = 0% 
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Table 2.5. Sensitivity analysis of adverse events rates based on choice of surgical intervention and risk of bias showing a significantly reduced risk of for 

patients managed surgically in trials where >80% of cases where hemiarthroplasty. High risk of heterogeneity detected between trials based on predominant 

type of surgical intervention. 

 Studies where surgery was 

arthroplasty for >80% cases 

Studies where surgery was 

fixation for >80% cases Studies with low risk of bias 

Studies with unclear  

or high risk of bias 

Outcome of 

interest 

Fixed effects 

model 

Random effects 

model 

Fixed effects 

model 

Random effects 

model 

Fixed effects 

model 

Random effects 

model 

Fixed effects 

model 

Random effects 

model 

Adverse events (AVN, Post-traumatic OA, non/malunion) 

Number of studies 3 4 5 2 

Number of patients 137 397 463 70 

OR 0.13 0.14 0.73 0.73 0.42 0.44 2.27 2.27 

95% CI 0.04, 0.48 0.04, 0.51 0.40,1.34 0.39,1.34 0.24,0.74 0.22,0.86 0.36,14.19 0.36,14.19 

P value 
0.002 (favour 

surgery) 

0.003 (favours 

surgery) 
0.31 0.31 

0.003 (favours 

surgery) 

0.02 ( favours 

surgery) 
0.38 0.38 

Heterogeneity I2 = 0% I2 = 0% I2 = 0% I2 = 0% I2 = 19% I2 = 19% * * 

Heterogeneity 

between groups 

(fixed effects, 

random effects) 

I2 = 82.2%. I2 = 80.4% I2 = 65.9, I2 = 63% 
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2.4 Discussion 

The overall meta-analysis suggests there is no significant difference in outcomes between 

surgical and conservative management. However, the results of the sub-group and sensitivity 

analysis demonstrated that 4 part fractures treated with hemiarthroplasty had specific health 

outcomes that were improved compared to when managed conservatively. There was also 

sub-group analysis which found that patients with 3-part fractures that were treated with 

locking plates were more likely to require secondary surgery than if managed conservatively. 

A key implication of the findings of this study is that the heterogeneity between sub-groups 

based on fracture complexity, and the distinct findings based on type of surgical intervention 

adopted, underline a need for future RCT design to adopt more specific inclusion criteria 

based on these clinical variables. 

Sub-group analysis of health utilities based on the predominant fracture types within each 

study demonstrated a trend towards improved outcomes as fracture complexity increased. 

The single study that included patients with 4-part fractures had significantly improved 

outcomes for patients managed surgically. Sensitivity analysis of this study demonstrated a 

statistically significant benefit in surgery over conservative treatment. Studies where the main 

type of fracture was 3 part had a significantly increased risk of additional surgery for patients 

who underwent surgical intervention as a primary treatment. Although not statistically 

significant, there was also an observable difference with an increased OR for additional 

surgery after surgical management of 4-part fractures compared to 2-part fractures. Within 

the subgroups separating trials by the fracture complexity there was no statistical 

heterogeneity, however there was moderate statistical heterogeneity between those subgroups 

(I2 = 60%). This heterogeneity was not eradicated, or reduced from moderate to low, when 

sensitivity analysis was performed based on risk of bias. This suggests that differences in 

methodology were not underpinning statistical heterogeneity of treatment effects when 
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considering additional surgery as an outcome of interest. The finding of the sub-group 

analysis suggest what is intuitive in clinical practice; more complex fractures are more 

difficult to manage surgically and hence they are likely to require additional surgery to 

manage failure or complications following the primary surgical procedure. 

When evaluating complications after surgical and conservative treatment the selection of type 

of adverse events was based on inclusion of events that plausible with either intervention. 

Post traumatic OA, AVN and mal/nonunion are significant indicators of future disability and 

have been previously been adopted as end-points to compare the incidence of adverse events 

between the two interventions groups42,149. Although the overall analysis suggests there is no 

statistical difference between surgical and non-operative treatment in relation to these events, 

sub group analysis of 4 part fractures results in a significant OR that favours surgery (OR 

0.14, 95% CI 0.04 to 0.51; p = 0.03) and there was moderate heterogeneity between the 

subgroups (I2 = 60.8%). This is likely to be cofounded by the fact that 4 part studies adopted 

hemiarthroplasty as the surgical intervention and therefore such complications were unlikely 

to occur when the humeral head was replaced. 

The implications of this meta-analysis for future RCT design are clear; homogeny of fracture 

complexity and the type of surgical procedure are likely to provide clinically applicable 

findings that aid decision making in this field. While the role of pragmatic trials in this field 

is greatly important for generating externally valid results that reflect the treatment needs of 

the wider population150, there is a potential for misguided interpretation and application; 

specifically there is potential for a view that outcomes for surgery and conservative 

management are identical for all displaced proximal humerus fractures151. The wide range of 

fracture patterns that numerous systems have attempted to classify are known to variably 



73 

predict clinical outcome152, and therefore the influence of fracture type on clinical outcome 

when hypothesizing whether surgical and conservative treatment are comparable is relevant. 

At the time the last search was performed within this study, there were 7 ongoing RCTs that 

included 947 patients, registered in the World Health Organization’s International Clinical 

Trials Registry Platform, that were investigating the difference between surgical and 

conservative management for proximal humerus fractures (Table 2.6). Amongst the 5 RCTs 

that used the Neer classification system, 2 include 2, 3 and 4 part fractures, 2 include 3 and 4 

part fractures and only 1 includes 4 part fractures. The other ongoing trials are investigating 

complex and displaced fractures based on the AO and Hertel’s classification system. While it 

has often been suggested that the reliability of the current classification systems are poor42, 

whichever system is adopted this meta-analysis has underlined that there is need for a more 

specific fracture type in the inclusion criteria. Within the research community in this field, 

there is also a need to recognise that appropriate study design has a large role to play in the 

feasibility of such research. Given that the PROFHER trial was the only study out of the 7 

within this meta-analysis that was performed at multiple sites, and it recruited almost 4 times 

as many patients as the next largest study within the shortest period of time, there is a clear 

need and benefit to collaboration between research institutions in future RCTs. This will 

allow appropriate sample size recruitment over 
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Table 2.6. Trials registered in the WHO International Clinical Trials Registry Portal investigating surgical versus conservative treatment of proximal 

humerus fractures (Search Performed on the 5th January 2016) 

Study name (ID)  Country 

Single centre or 

Multicentre Sample size Fracture type included Interventions 

Proximal Humerus Fracture Randomized Control 

Trial (NCT02362100) 
Canada Unknown 155 Neer types: 2,3 &4 

Locking plate versus 

conservative  

Treatment of Proximal Humeral Fractures (TPHF) 

(NCT01246167) 
Finland Multicentre 290 

Neer type: 2,3 &4 (low energy injuries 

with other specifications described)  

Hemiarthroplasty versus 

plate versus conservative  

Treatment of Comminuted Fractures of the Proximal 

Humerus (NCT00999193) 
Finland Unknown 90 

Neer type: 3,4 part with > 5mm 

dislocation of anatomical neck 

AO C1-2 for non-luxation fractures 

and C3 for luxation fractures 

Hemiarthroplasty versus 

plate versus conservative 

Primary hemiarthroplasty versus conservative 

treatment for comminuted fractures of the proximal 

humerus in the elderly (ProCon) (NTR2040) 

Netherlands Multicentre 80 

Selected Hertel types: 9-12, selected 

Hertel types 2, or head split fractures 

based on the judgement of the 

attending surgeon.  

Hemiarthroplasty versus 

conservative 

Comminuted Proximal Humerus Fractures. A 

Randomised study of Surgical Versus Conservative 

Treatment (NCT00863473) 

Norway Unknown 50 
AO B2 or C2 (with further 

specification on selected types)  

Locking plate versus 

conservative 

Effect of Osteosynthesis. Primary Hemiarthroplasty, 

and Non-surgical Management for Fractures of the 

Proximal Humerus (NCT00835562) 

Denmark Multicentre 162 Neer type 4 
Hemiarthroplasty versus 

plate versus conservative 

Operative Versus Non Operative Treatment of 

Proximal Humerus (Shoulder Joint) Fractures 

(NCT0818987) 

Canada Multicentre 120 Neer type 3 &4 
Internal fixation versus 

conservative  
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a shorter period of time to be conducted for specific fracture types, which represent smaller 

cohorts within the general population. Furthermore, conducting multicenter RCTs such as the 

PROFHER trial will increase the external validity of the research findings153, which is 

particularly important in orthopaedics where technical skill is variable and may be a source of 

performance bias154. 

Functional outcome measures that were adopted in the 7 RCTs included in this meta-analysis 

were found to vary substantially between trials. Although the majority of these functional 

assessment measures are valid52,155, interpretation and comparison of results between studies 

that have adopted different functional outcome measures is challenging. In hip fracture 

research, key opinion leaders have proposed core outcome measures for clinical trials in order 

to improve evidence synthesis within their field156. The COMET (Core Outcome Measures in 

Effectiveness Trials) Initiative brings researchers together from multiple fields to standardise 

outcomes in clinical research157. The database includes work to develop standardised core 

outcomes in upper limb orthopaedics. Consensus and evidence-based guidance on core 

outcome measures for future proximal humerus fracture trials that have been developed by 

recognized professional bodies in upper limb orthopaedics could improve the reporting of 

outcomes as well as the ability to interpret the overall evidence base. Similarly, by going 

even further and commissioning or sanctioning trials, such organizations can facilitate the 

multicentre collaboration and clinical trials networking that is required to produce well-

designed RCTs158 that are sufficiently powered to investigate treatment effects for more 

specific fracture types. 

2.4.1 Study Limitations 

Our study has 4 main limitations. Firstly, the number of studies included was less than 10. As 

such, our evaluation of publication bias should be treated with caution as funnel plot 
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asymmetry is most accurately performed when there are at least 10 studies159. Secondly, 

quantifying heterogeneity using I2 as a metric that has intervals of severity such as those 

defined in our methods has been subject to methodological debate160. Despite this, the 

definition of moderate heterogeneity that we used when reporting heterogeneity between 

fracture-type sub-groups, is based on values described in recognized standards for meta-

analysis research159. Thirdly, for the 3 studies selected and included in sensitivity analysis of 

internal fixation as a predominant treatment, 1 involved tension band wiring139 and the 

remaining 2 included locking plate fixation69,148. Locking plates are a newer technology that 

are often viewed to be advantageous for internal fixation and therefore some caution is 

required when considering the results of sensitivity analysis performed on this group, as there 

are potential differences in efficacy of these 2 variations of internal fixation. Finally, an 

absence of RCTs that compare reverse arthroplasty with conservative treatment limits the 

clinical applicability of meta-analysis of the current evidence base, particularly with the 

growing uptake of this procedure for fracture management161, and some evidence to suggest 

that it is superior to hemiarthroplasty for complex proximal humerus fractures in the 

elderly162. Despite this, our results have important implications for the design of future trials, 

which need to recognize the need for more specific inclusion criteria so that their conclusions 

can more accurately inform clinical decision-making. 

2.4.2 Conclusion 

Treatment effects in RCTs evaluating interventions for the management of proximal humerus 

fractures in elderly patients are likely to be distinct based on fracture complexity and surgical 

intervention adopted. Existing evidence indicates that patients with 4 part fractures managed 

with hemiarthroplasty will have health outcomes that are superior to conservatively managed 

patients. There is quantifiable statistical heterogeneity between current trials and this appears 

to be based on clinical heterogeneity such as inclusion of patients with different severity of 
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fracture. Future research within this field may produce more clinically applicable findings if 

their study design adopts an inclusion criteria based on a more homogenous fracture type or a 

single philosophy of treatment.  
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Chapter 3 

A qualitative study exploring elderly patients’ perceptions  

of their recovery after sustaining a complex proximal fracture 

3.1 Introduction 

Proximal humerus fractures are common musculoskeletal injuries and they have a significant 

effect on patient and healthcare resources3. A better understanding of their management is 

required to improve the health outcomes of patients that sustain these injuries. The volume of 

quantitative analysis evaluating interventions in the management of proximal humerus 

fractures has been increasing substantially over the last 30 years95. The conventional 

paradigm for research in orthopaedics has been a quantitative design78, and this is perhaps 

why there is an absence of any qualitative research in the evidence based literature that has 

evaluated patient experiences after sustaining a proximal humerus fracture. 

Qualitative research is increasingly viewed to be an important research tool to inform the 

decision-making of clinicians and health policy makers84. The exploratory nature of 

qualitative research allows researchers to develop an understanding of complex relationships, 

experiences and decision-making that quantitative work is often too restrictive to address78. 

Furthermore, patients’ attitudes towards the treatment of their musculoskeletal conditions 

have been shown to affect their satisfaction, and therefore understanding the patient 

perspective is essential in establishing what is the nature of the clinical effectiveness that is 

being sought163. 

This narrative is seen across clinical medicine, where clinical effectiveness is less commonly 

quantified using measures important to clinicians; rather the health outcomes that are of value 

to patients are used to develop patient reported outcome measures (PROMs)164. Qualitative 

analysis has an important role in developing themes that are relevant to the target 
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population’s outlook on their health status, and these themes are then used to develop the 

various components evaluated within a PROM165. This is particularly important in 

orthopaedics, where a myriad of PROMs have been developed, none of which are specific to 

an elderly population with proximal humerus fractures. In the absence of a disease-specific 

measure within the target population, there is a need to better understand what are the aspects 

of recovery that these patients value. 

A qualitative exploration of patients’ experiences after surgical and non-surgical treatment of 

proximal humerus fractures is required to better understand patients’ experiences during their 

recovery. In addition, a comprehensive qualitative analysis of patient experience will allow us to 

determine what aspects of recovery are important and should be developed as part of a PROM 

for elderly patients with a complex proximal humerus fracture. The objective of this study was 

to use a qualitative analytical approach to better understand the experiences and perceptions of 

recovery of elderly patients who had sustained a complex proximal humerus fracture. 

3.2 Methods 

A qualitative study design was employed using face-to-face semi-structured interviews to 

explore elderly patients’ perceptions of their recovery after sustaining a complex proximal 

humerus fracture. Ethical approval for the study was received from the National Research 

Ethics Service Committee (Research Ethics Committee reference 14/LO/2191). 

3.2.1 Participant selection 

3.2.1.1 Inclusion Criteria 

1. Patients aged 65 or above 

2. Patients diagnosed with a Neer type6 3 or 4-part proximal humerus fracture and treated at 

Imperial College NHS Trust 

3. Patients at least 1 year post injury 
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3.2.1.2 Exclusion Criteria 

1. Poly-trauma patients 

2. Patients with mental incapacity unable to give informed consent 

3. Patients unable to understand verbal and written information in English 

3.2.2 Recruitment and sampling 

Patients with a diagnosis of a proximal humerus fracture who met the inclusion criteria were 

identified through hospital records. Purposive sampling of these patients was performed by 

members of the clinical research team that were familiar with the patients’ histories. The 

sample selected represented both surgically and conservatively managed patients. Patients 

with differing frailty and clinical outcomes were also chosen so that the sample would be 

representative of the full range of health outcomes that could be expected. A patient 

information sheet about the study along with a letter inviting them to participate in the study 

were sent to patients that met the inclusion criteria (Appendix 2). Contact details of the lead 

author (SS) were provided in the information sheet and patients subsequently contacted him 

expressing their interest in participation. Based on existing upper limb orthopaedic qualitative 

research166 it was expected that a sample size of between 10 and 15 patients would be 

sufficient for thematic saturation to be achieved. 

3.2.3 Data collection 

Semi-structured interviews were conducted face-to face at Imperial College NHS Trust. 

Interviews were conducted by the lead author (SS) and they started by establishing informed 

consent. The study was discussed at length, the patient information sheet was reviewed with 

the patient and patients signed a consent form prior to the interview commencing (Appendix 

2). Interviews were recorded on a digital voice recorder. All the interviews included a range 

of open-ended questions such as “tell me what happened to you” and “tell me as much as you 
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can about your experiences during your recovery”. Patients were given as much time as they 

wanted to respond to these questions and report on their experiences. When they had finished 

talking, an interview prompt form was referred to so data collection covered a consistent and 

wide range of aspects of recovery that the research team viewed to be important and of 

interest (Table 3.1). Field notes were taken by the interviewer during the interviews to 

document body language and an obvious change in mood. The interview ended when the 

patient confirmed they have nothing further to add. 

3.2.4 Data analysis 

Thematic analysis as outlined by Braun and Clarke was used to analyse the data generated in 

this study27. Thematic analysis is a type of qualitative analysis that is systematic in its 

application yet allows for nuanced approaches and an interpretative in-depth analysis 167. It 

has been applied to recent qualitative research exploring patient perceptions after orthopaedic 

surgery in other sub-specialties168,169, and as such its methodology was considered 

appropriate for this study design. Firstly, interviews were transcribed verbatim and familiarity 

with the data was gained by extensive reading and re-reading of the transcripts. Notes were 

also taken during this process to generate ideas for potential codes. In the second stage, 

coding was performed by systematic assessment through the entire data set, allocating 

relevant data to each code. Provisional themes were then developed and codes were allocated 

to each of these themes. Themes were reviewed and refined to develop a set of candidate 

themes that supported the majority of the data and a thematic map of analysis was 

constructed. Finally, examples were taken from all the interviews to illustrate the thematic 

framework. 
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Table 3.1. Interview prompt schedule that was referred to during patient interviews 

Open questions – patients expected to talk at length   

Tell me what happened to you?  

Tell me as much as you can about your experiences during your recovery?  

How did you feel in the days and weeks after your injury?  

How do you feel you responded to the treatment?  

How do you feel your rehabilitation went?  

How are you now?  

Specific questions – to prompt patients if subject matter not already covered  

Tell me about your experience with pain after the injury.  

Tell me about your experience with mobility after this injury.  

Tell me about your experience with sleep after this injury.  

Tell me about your mood after this injury.  

Tell me about your concerns after this injury.  

Tell me about any problems you had with employment or money after this injury.  

Have you needed a lot of help in the last year?  

Is there anything specific you want to mention about your injury, treatment or recovery?  

 

3.3 Results 

A total of 15 patients were recruited to the study that met the inclusion criteria. All 15 were 

interviewed and included in the qualitative analysis (Table 3.2). There were 11 female 

patients and 4 male patients. The mean age of patients was 71.8 years when they sustained 

their injury (65 – 84 years). At the time of the interviews the mean time since injury had been 

2.4 years (1.1 – 5 years). As the patients had been purposively sampled to represent a broad 

range of treatment experiences after sustaining a complex proximal humerus fractures, there 

were 5 patients that had undergone conservative management and 10 patients that had 

undergone surgical management. Of the 10 patients that had surgical management, 7 had 

been treated with a locking plate, 1 had a suture fixation and 2 had a hemiarthroplasty. 
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There were 5 patients included (33.3%) that had a complication. One patient had sustained an 

axillary nerve neuropraxia at the time at the injury causing some sensory changes and 

discomfort over the affected shoulder. The symptoms had partially improved 2.4 years after 

the injury had occurred. One patient was treated with a locking plate and went on to develop 

painful osteoarthritis in the shoulder. She subsequently had a single stage revision to a 

hemiarthoplasty 2 years after her primary surgery. Two further patients treated with a locking 

plate had secondary surgery. One patient had failure of his metal work within the first few 

weeks and immediately had a re-plating procedure performed. The second had removal of his 

plate a year after his primary surgery as one of the humeral head screws had migrated and 

was penetrating into the gleno-humeral joint. Finally, one patient who was managed 

conservatively had developed painful osteoarthritis 18 months after her injury, however she 

had decided not to have secondary surgery to manage her symptoms. 
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Table 3.2. Patient demographics and management strategies employed 

ID Gender Age at injury (years) Injury to interview interval (years) Management method Complications 

1 Male 73 4.5 Conservative management - 

2 Female 65 4.2 Conservative management - 

3 Male 67 1.5 Locking plate - 

4 Female 66 2.4 Locking plate Axillary nerve injury – on-going sensory 

disturbance in cutaneous distribution 

5 Female 80 5.1 Locking plate Developed painful OA and AVN and went 

on to have a hemiarthroplasty 

6 Male 75 1.5 Locking plate Had to have a revision procedure due to 

screw penetrating into joint 

7 Female 75 2.1 Conservative management Developed painful OA after a year 

8 Female 69 2.6  Locking plate Removal of locking plate after a year – 

screw penetrating into joint 

9 Male 76 2.1 Hemiarthroplasty - 

10 Female 65 1.1 Conservative management - 

11 Female 67 2.2 Locking plate - 

12 Female 84 1.6 Conservative 

management 

- 

13 Female 69 1.7 Suture fixation - 

14 Female 72 2.3 Locking plate - 

15 Female 74 1.1 Hemiarthroplasty - 
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3.3.1 Thematic analysis 

Seven patient reported themes associated with recovery after a proximal humerus fracture 

were identified and are demonstrated in a thematic map (Figure 1). Thematic saturation 

occurred after the interview of 11 patients. 

 

Figure 3.1. Thematic diagram illustrating 7 overarching themes that informed patients’ 

perceptions of their recovery and outcome after undergoing management for a proximal humerus 

fracture. 

3.3.1.1 Theme 1: Pain 

Pain was a commonly reported problem. Pain in the immediate aftermath of the injury, or 

surgical management if undertaken, was described as extremely severe and often lasting 

many months. Patients often compared it to previous experience of pain to highlight its 

intensity: 
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As I was saying before, I’ve had every part of my body broken, but I’ve never, 

ever experienced a pain like this. No. It was just extremely painful for quite a 

few weeks and at least six weeks, or eight weeks (Patient 1).  

I mean, I was doing little exercises to begin with also because I was so 

swollen, you know, and needed to get myself moving, but it was excruciating, 

I’d never known such pain in any operation I’ve ever had before, which I’ve 

had quite a lot (Patient 13). 

Relief from acute pain was of great importance to patients who described both relief and 

gratitude when there pain was controlled: 

It’s like when you have a hot shower - it’s wonderful [talks about pain and 

trouble with sleep] the minute I go to the shower and the hot water comes 

here, I stay there for half an hour in the shower and it’s okay. It’s good as 

gold (Patient 3). 

I had a lot of pain. I was treated very well so I was given a lot of morphine 

there and then I started in the hospital to do some movements and then I went 

back home and the pain continued for months and months and months 

(Patient 14). 

Medication for analgesia often caused side effects that were viewed to be more problematic 

than pain symptoms and patients often tolerated their acute pain in order to avoid these side 

effects: 

A lot of medicine upset my stomach and I had diarrhoea for a few months 

because I’m not used to taking medicines or pain killers. All day long. But I’d 

rather put up with the pain, rather than to put up with pain and running and 

pain in stomach. And then I stopped the medicine and the painkillers (Patient 3). 

So I found that really the constipation was worse than the other thing. So I’m 

very careful about the amount of codeine that I use. I’ve still got some of the 

tablets so when the pain gets really severe I take half the amount. Like instead 

of 10mg I take 5 or something (Patient 5). 

In cases where sequelae of the injury such as osteoarthritis or avascular necrosis occurred, 

there was severe pain that developed after many months: 



87 

But the pain, it developed later on and I had really quite severe pain that 

developed (Patient 5). 

In one case there was reporting of pain accompanied by a sense of disappointment. A patient 

that had pain after developing avascular necrosis as reported the following: 

I am not sure now because I was very disappointed when I heard that I had 

the necrosis you know. That was a shock because I thought it would have 

healed. And then thinking back I think well maybe I should have gone for a 

replacement but now it is too late (Patient 8). 

Overall pain was an important aspect of recovery for all the patients. Pain levels in the 

immediate aftermath of injury or surgery was particularly severe and appropriate 

management was central to recovery in the first few weeks. In the months that followed pain 

levels normally settled however patients that developed pain as a result of sequelae of their 

injury experienced additional symptoms of disillusionment based on an awareness that their 

discomfort was unlikely to improve without further surgery. 

3.3.1.2 Theme 2: Sleep 

Difficulty with sleep was the most commonly reported theme. In most cases pain was the 

underlying factor that affected a patient’s ability to sleep. Patients would have difficulty lying 

on their affected side or would wake in the night because they has inadvertently rolled onto 

the affected side. Patients commonly slept upright in an armchair for the first few weeks after 

the injury: 

It was just extremely painful for quite a few weeks and at least six weeks, eight 

weeks, I just didn’t know what sleep is (Patient 3) 

I have a habit of sleeping on my left I couldn’t turn, and sleeping was my 

biggest problem. I tried to sleep on a comfortable chair other than the bed 

because once I managed to lie down it was difficult to get up without 

assistance, so I decided it’s better to sleep on the sofa because it’s a sofa bed 

and the back goes down and I could bring it up with the lever thing and it was 

easier for me to sleep on that (Patient 10). 
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Many patient reported that even a year after their injury they struggled with sleep and had to 

adopt certain positions or techniques to aid their sleep: 

I still cannot sleep on, even with the shoulder I could not sleep on my right 

that was still uncomfortable but about I would say about 18 months, I was 

able to turn over and sleep on my left which was quite nice (Patient 8). 

Of course even now I can’t sleep on that side, although if I do I sort of 

sometimes wake up and I think, “Goodness, here we go again”. Whether or 

not I was sleeping on the muscle or I was sleeping on it badly but now I’m 

sort of geared to sleeping on my back (Patient 13). 

In one case a patient reported anxiety preceding any physical symptoms and was unable to 

sleep because of fear of pain coming on: 

I don’t know what happened to me, but I, sort of, went into a panic attack, you 

know. So when I lay down, I just immediately jumped up again and started 

walking up and down ... The pain coming on. The pain coming on. I was 

worried about that (Patient 9). 

Sleep was an aspect of recovery that the majority of patients dwelled on and regarded as 

important. Difficulty with sleep occurred because of pain arising from lying on the affected 

side and this often persisted for many months leaving some patients feeling exhausted and 

anxious. 

3.3.1.3 Theme 3: Shoulder function 

Shoulder function was perceived as extremely important by all patients interviewed in the 

study. In the first 4 to 6 weeks after the injury activities related to self-care such as 

showering, use of the toilet, dressing and feeding posed problems to most patients. Family or 

healthcare support was required as most patients had difficulty performing these activities on 

their own: 

There was not much that I could do with my arm I could not lift much so my 

husband did a lot. He helped washing and dressed me and, one of the worst 
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things was not being able to sort of comb your hair and wash but yes those 

are the first things I remember (Patient 8). 

And the only help that I had or needed was help with the showering and I had 

somebody from Aging UK who came for a few days (Patient 5). 

At 9 months to a year, when near-final functional outcome was established, most patients 

were able to perform most activities related to self or home care. Adaptive or avoidant 

behaviours played a substantial role in how patients perceived their level of function. 

For example I can’t do a bra at the back anymore which I don’t wear. I wear 

the stretchy ones (Patient 5). 

Having a shirt put on and having it tucked into your trousers. Again, you 

can’t use just one hand. And it’s the simple, basic things. Having to read a 

book: holding a book in there, turning the pages could be hard. And similarly, 

a newspaper, you had to put it on the table to read because you couldn’t hold 

it in a way with two. It was simple things like that. Having a meal, you find 

you are using more of the right hand than the left hand because you couldn’t 

get the knife and fork to coordinate. But you adapt. You find the ways around 

these things and you have to get on with life. (Patient 6) 

Many of the longer term functional problems related to activities where there was load 

applied to the shoulder. Heavy lifting, pulling or pushing activities resulted in pain even a 

year after the injury and patients generally avoided such activities: 

I used to do a lot of shopping and carry heavy things. And also carry things 

on my back and I just can’t. And so I have to have home deliveries and that 

sort of thing. Or my husband trots out and he’s… Although he’s... I wouldn’t 

have thought he was stronger than I. But he is much stronger and carries 

things with me… but I can’t carry weights (Patient 5). 

If I lift something heavy or I push something heavy, I know that then I will 

have some pain. Even now I can tell you lifting my arm.... I can lift it well but 

it’s still a bit of pain going here (Patient 14) 

In some cases there was a realisation that the final level of function resulted in a degree of 

disability that prevented participation in activities that the patients enjoyed prior to the 
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fracture. In such cases this loss of function was of particular importance to the patients who 

were very active prior to their injury: 

One sad thing for me is that I absolutely love skiing, … I got osteoporosis but 

the bad thing was I said I’d stopped skiing and then I didn’t throw my boots 

away for quite a long time because I couldn’t quite get mentally over it. I 

could’ve skied but my friends said they wouldn’t ski with me because they’d 

be scared stiff if I did (Patient 2). 

I used to be climbing mountains, just as a hobby, cycling, swimming. I tried to 

swim. I was in the Indian Ocean the other week. So I only came back last 

week. I cannot, you know, dive as such. I used to do scuba diving and a lot of 

things, which activities that I used to do, I just no longer can do. It’s as simple 

as that, particularly swimming, normal swimming (Patient 3). 

While shoulder function was regarded as an important part of how patients perceived their 

recovery, many patients adapted their behaviour so that they could partake in the majority of 

their normal activities of daily living. In such cases the level of function carried less weight in 

how they viewed their quality of life and final outcome after treatment. 

3.3.1.4 Theme 4: Emotional state 

Although mood and emotional state changed in the early stages after the shoulder fracture, 

the vast majority of patients reported an affect that was predominantly related to long term 

disability, pain or loss of function. In some cases patients reported signs and symptoms of 

depression: 

And I lost quite a lot of weight, obviously, because you don’t move and when 

you’re in pain, you don’t feel like eating and so on (Patient 3). 

The first time around I suppose it was something new and I thought, ‘oh well I 

have got to get on with it’. It is going to get better. I do not think my mood was 

too bad… But this time around I have been really bad, I really have, I have 

been so, it is the frustration, especially when you are so used to doing things 

in the house and you know cleaning and cooking and doing bits and pieces 

(Patient 8). 
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For six months I couldn’t do anything really. I mean, I was doing things but 

then I was exhausted. And then of course I got quite, you know, despondent 

about the fact that was it ever going to get better? I mean, I’m a very 

optimistic person, I don’t get depressed, but if I could say if I was ever on the 

verge of depression that was it because... I was tired all the time (Patient 13). 

It was also common for patients to report anxiety or fear of falling. Some patients described 

avoidant behaviour where activities or environments that could result in a fall were avoided: 

I do quite a lot of walking holidays, and it’s definitely made me more nervous 

on a steep decent in particular, and I know that I’m much more careful now 

and I don’t risk – and of course I’m a bit older as well, but I think it’s made 

me (at the back of my mind) there’s this fear that if I do have a great tumble 

(Patient 2). 

I suppose one thing … I’m so frightened of falling now. When I go out walking 

I feel like I’m walking and watching the pavement which annoys me intensely 

because the pavements are so uneven anyway that you have to mind it, but I’m 

a bit more paranoid now that I’m falling, and I do get quite frightened in big 

crowds because I’m afraid I’ll be pushed off balance which I never thought 

about (Patient 4). 

Patients also stated the importance of their independence. Furthermore, the disability 

sustained in the short and long term was something that many related to in terms of their 

independence. Some patients had difficulties accepting the loss of their independence, and 

particularly for those patients living alone, getting help from carer’s and family was 

sometimes quite difficult: 

I always looked after myself. I mean, now my boys are grown up and my wife 

passed away. So I’ve always been doing things on my own. I live in my own 

house and there isn’t anything I don’t do. The first few weeks, no, no. My sons 

stayed with me for two week. And after that, I said they had to go back to their 

wives and work, etc. And now I’m just doing the same thing, everything on my 

own (Patient 3). 

So I had a nurse that came in and helped, came in for six weeks to help with 

my meals. Although I didn’t really want help, but that was an awkward part. I 

was trying to get back on to my feet. I’m an awkward individual in as much 

as. My wife used to tell me I was too independent for my own good. I don’t 

like help. I like to try and do things[talks about wife passing away briefly then 
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returns to issue of needing support]. That was awkward and I lost a wee bit of 

my pride, sort of, always having to ask people to help me to do things and I 

don’t like that (Patient 6). 

Patients also described how accepting their disability or loss of function aided their recovery 

and emotional state. Patients were able to rationalise and accept long term disability by 

linking their functional decline to old age. Some patients also found the support of their 

healthcare professionals important in moving forward with their life while still experiencing 

pain or loss of function: 

Well I accepted it at my age as I’m 78, so it’s fine for me (Patient 1). 

I do see my boys, yes, but probably, yes, it did affect me, but I always keep 

saying that it happened at that age of mine, rather than when I was young, 

you know, in my 20s or 30s. Part and parcel of life. Certain things you don’t 

like, but you’ve got to accept (Patient 3). 

I realised that I was treated the proper way and then that helped to accept the 

pain (Patient 1). 

The effect of injury and treatment on a patient’s emotional state was a recurring theme 

identified in the interviews. While some patients felt anxious and frightened of injuring 

themselves again, the ability to reflect and rationalise on their disability appeared to play a 

role in how patients perceived their final clinical outcome. 

3.3.1.5 Theme 5: Support network 

In the first 4 to 6 weeks after the injury patients were quite disabled and needed help with 

activities of daily living. Many patients had family support which was extremely important in 

managing their symptoms. Family support also allowed long term loss of function to be 

accommodated; for instance if a patient had difficulty lifting their shopping their husband or 

children would do the shopping for them. For patients without family support, social care was 

needed. There were varying levels of frailty within the patients interviewed and as such the 
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levels of social care needed also varied. Some patients found such social care intrusive or 

embarrassing. Overall, the level of support patients received from family or social carers was 

perceived to be necessary or important by the majority of patients and played a key part of 

their experience of recovery. Some patients had support from their family and close friends 

during their recovery: 

It was very difficult, and I needed help the first week really. A friend of mine 

cared because she was a nurse, and she helped me, and she helped me with 

my personal care the first week, but after that I managed. I managed to dress 

myself and look after myself basically (Patient 4). 

There was not much that I could do with my arm I could not lift much so my 

husband did a lot of helped washing and dressed me and, one of the worst 

things was not being able to sort of comb your hair and wash but yes those 

are the first things I remember (Patient 8). 

Other patients had support from community health and social workers: 

So I had a nurse that came in and helped, came in for six weeks to help with 

my meals. Although I didn’t really want help, but that was an awkward part. I 

was trying to get back on to my feet. I’m an awkward individual in as much 

as. My wife used to tell me I was too independent for my own good. I don’t 

like help. I like to try and do things … That was awkward and I lost a wee bit 

of my pride, sort of, always having to ask people to help me to do things and I 

don’t like that (Patient 6). 

Occasionally community health and social care support was felt to be lacking. In one instance 

a patient who frequently needed the washroom experienced a great deal of difficulty: 

Well at night the main problem was – well nobody was helping me at night 

because I was alone (Patient 2). 

Support networks were viewed as important to patients. Whether this took the role of family, 

friends or health and social workers, there was a physical and psychological need for help 

throughout recovery. 
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3.3.1.6 Theme 6: Experience of health professionals 

The relationship between patients and healthcare professionals, clinicians and non-clinicians, 

was an important aspect of how patients perceived their recovery and outcome. In the initial 

consultation and early stages of recovery, the relationship with healthcare professionals often 

shaped patients outlook: 

Well it seemed, and there was a young blonde doctor and she was very kind, 

and she gave me strength to accept it the problem I had … I trust the people 

– your colleagues and so on, and that helps a lot in my case. Well it helps 

and in my case and to make it stronger or something, and it helps to recover 

(Patient 1). 

Well to be honest with you once I saw Dr X my mind was at rest because I was 

comfortable and he explained everything to me and he explained well and he 

was telling me that – and he was checking me every two weeks I think every 

15 days or something … I think the way he handled my situation was 

absolutely perfect for me (Patient 10). 

Other than affable behaviour and familiarity with the patient’s individual case, there was 

satisfaction of treatment when doctors set goals or established what patient’s expectations of 

their outcome would be: 

I would say the first thing if you were talking about a patient perception, the 

first thing that Mr X asked me was, ‘What was my lifestyle?’ and if I’d say 

anything to anybody about somebody turning up and had an accident or 

whatever, and just because you’re tired it doesn’t mean to say you’re not 

doing anything (Patient 11). 

Even in cases where patients had experienced a complication of treatment and needed 

secondary surgery, patients accepted their situation and appeared positive based on 

established trust and a good relationship with their healthcare team. This patient suffered a 

complication and required secondary surgery. He described his experience after the 

complication occurred in the following way: 
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So I knew something was wrong and that it was going to be rectified. I was 

happy that it happened whilst I was in hospital as opposed to being at home. I 

can’t fault the actual treatment I had. I honestly can’t. I’m not just saying this 

for the actual sake of it. I was very well looked after. The doctors were 

actually first class. When they came to see you, they spoke to you as if they’d 

known you a long, long time. They showed concern with the questions that 

they were asking (Patient 6). 

The inter-personal relationship between patients and healthcare professionals played an 

important role in recovery. A good relationship with a health professional often contributed to 

a positive outlook on clinical function, even if a complication resulting in discomfort or a 

disability had occurred. 

3.3.1.7 Theme 7: Experience of healthcare institution 

Experience of healthcare institution was distinct from experience with healthcare 

professionals. Most patients reported positive experiences in relation to healthcare 

professionals, however the majority of experiences as a patient in the healthcare institution 

were negative. The two causes for these negative experiences were difficulties encountered 

with access to the system as well and busy staff who were unable to dedicate enough time to 

patients. Problems with access to the system often started in the immediate aftermath of the 

injury when patients had difficulty getting fracture clinic appointments Delays in time to 

surgery or discharge were also troublesome to patients and once discharged physiotherapy 

appointments were often delayed or viewed to occur too infrequently: 

We had an absolute nightmare both the GP and me trying to phone through to get somebody 

to give me an appointment. (Patient 2). 

They thought that was a dislocation, something in that respect. And it took a 

week, literally, eight days until all of a sudden on a Saturday morning a 

doctor called, or I think Friday night, to say that I got to come on Saturday 

morning for an operation at 7 o’clock in the morning. And so it happened and 

Dr Y was the one who operated on the thing. And that’s it. But it took a week 

and my god, what a week it was (Patient 3). 
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I felt very frustrated because it’s very hard to remember the exercises that 

you’re given to do, and then you don’t see them for another week or two 

weeks, and to me that was very frustrating because I kept worrying all of the 

time, and they give you diagrams but it’s very different if you’ve never done 

this kind of thing before to remember how to do them (Patient 4). 

Patients often reported their experience on orthopaedic wards as negative and commented on 

how busy or understaffed nurses were: 

In hospital here I found that they are very short of nurses on the ward that I was 

in. I do not know, but I know the one time that the lady who was washing me, 

the bells were going and ‘I said look, I am alright, go and see to it’, she said ‘no 

they will just have to carry on ringing’, and I thought ‘maybe it is somebody 

that urgently needs you’, they have not got the staff to help (Patient 8). 

The nurses were, again, good. The only problem with the nurses is that there 

wasn’t enough and they couldn’t always come to you as quickly as you 

possibly might (Patient 6). 

The relationship patients had with their healthcare institution related to ease of accessibility. 

Poor accessibility to the care patients wanted had a negative impact on their experience of 

recovery and was a commonly identified theme amongst a number of patients. 

3.4 Discussion 

3.4.1 Principle findings 

Currently there is an absence of published research reporting on qualitative research 

exploring patient perceptions of recovery after sustaining a proximal humerus fracture. In this 

study, thematic analysis was used to explore the experiences of elderly patients who had 

sustained a complex proximal humerus fracture. The analysis found that patient perception of 

recovery and outcome was characterised by pain and lack of sleep in the immediate aftermath 

of the injury. The severity of pain was commonly described as extreme and its effect on sleep 

left some patients feeling exhausted in the first few weeks. Pain levels settled in the majority 

of patients approximately 6 months after their injury, however the cohort of patients who 
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developed sequelae of injury such as osteoarthritis or avascular necrosis began to develop 

increasing levels of pain after this period of time. Loss of function was an important theme 

that developed for patients between 6 months and 1 year after their injury. When a near-final 

level of function became apparent to patients, the inability to perform important activities 

such as shopping, self-care and home-care resulted in two common methods for managing 

any residual disability. Firstly, there were adaptive behaviour patterns, where for example 

patients wore larger jackets that were easier to put on or had trained their non-dominant arm, 

in cases where it was the unaffected side, to do many daily tasks. Secondly, there were 

avoidant behaviours such as refraining from walking on busy streets or in supermarkets. The 

impact of loss of function on the overall patient’s perception of their recovery and outcome 

depended largely on whether they accepted their residual disability and had developed 

adaptive mechanisms. Family support and a good relationship with healthcare professionals 

seemed to be crucial for many patients in developing adaptive mechanisms and having a 

positive outlook, even in cases where a serious complication had occurred after a surgical 

procedure. For patients that developed avoidant behavioural patterns, there were negative 

emotional experiences such as anxiety and depressive symptoms. Finally the experience of 

the healthcare institution was a theme in recovery that many patients dwelled on. This 

suggested it was a key component of how patients’ perceived their management and outcome. 

Patients described displeasure and occasionally anger at having to manage their injury and at 

the same time deal with hospital services that were often difficult to access or overly busy 

and unable to provide the care and experience that they wanted. 

3.4.2 Relationship of findings to current knowledge base 

To date, there are no patient centred outcome measures which evaluate health outcomes that 

are specific to elderly patients with a proximal humerus fracture. The Oxford Shoulder Score 

(OSS)52 which is increasingly applied to quantitative research in shoulder surgery29,170,171 was 
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developed in patients with a mean age of 57.4 years who were undergoing elective 

orthopaedic treatment52. The OSS covers three of the themes identified in this study; pain, 

sleep and loss of function. Loss of function is given substantial weight within the OSS, with 9 

of the 12 questions relating to this theme. Although the level of shoulder function played an 

important role in how patients perceived their outcomes, in some cases loss of function was 

not a major contributor to how they viewed their health outcome. A patient’s emotional 

outlook had an important role to play in the experience of loss of function and the impact it 

had on their lives. Although secondary outcome measures in quantitative research in this field 

include health utility assessments like the Short-Form 12 (SF-12)172, and these measures 

capture a patient’s mental state, the absence of an emotional assessment within a PROM 

evaluating outcomes for elderly patients with a proximal humerus fracture is at odds with the 

results of this qualitative study. 

There has been a growing interest in the effects of shoulder pathology on sleep 173. Sleep 

disturbances are recognised to be harmful to an individual’s physical and mental health174, 

and therefore the contribution of shoulder pathology to sleep disturbances has an association 

with a patient’s clinical outcome. The mechanism of sleep disturbances are hypothesised to 

be related to peaks in nocturnal pain which possibly occur due to arm position and posture, 

and their effect on subacromial pressures173. The role of shoulder pathology on sleep 

disturbance is also captured in PROMs like the OSS and the DASH Score, however whether 

the weight applied to its impact on patient outcomes is appropriate is not known. In relation 

to proximal humerus fracture, sleep disturbance have had limited evaluation in existing 

published research. A single study of 1095 patients with proximal humerus fractures, distal 

radius fractures, tibial plateau fractures and ankle fractures found that patients with proximal 

humerus fractures had the highest incidence of sleep disturbances 3 months post-injury175. 

The study also found that sleep disturbances were associated with a poor emotional status. 
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Within our qualitative analysis sleep disturbances were one of the most commonly reported 

themes. This finding underlines the need for further clinical research on the impact of sleep 

on recovery and how they should be weighed within patient reported outcome measures.   

Adaptive behavioural patterns, family support and a strong inter-personal relationships with 

healthcare professionals often contributed to a positive outlook and perception of outcome, 

even when there was loss of function. The role of such factors in moderating the 

psychological effects of disease or injury have been described in other fields of medicine176, 

and this study has demonstrated their relevance in better understanding patient recovery after 

orthopaedic trauma. The importance of inter-personal relationships, particularly in the case of 

patients and healthcare professionals is well recognised in clinical practice, as is the positive 

correlation between clinician-patient relationship and health outcomes177,178. Proposed 

pathways for this relationship include increased patient knowledge, shared understanding, 

patient empowerment and better management of a patient’s emotional state178. In orthopaedic 

practice, the importance of patient-centred consultations has been highlighted by a position 

statement from the American Association of Orthopaedic Surgeons (AAOS)179. The AAOS 

statement encourages learned communication skills and links better physician-patient 

communication with improved clinical outcomes and patient satisfaction. Despite the 

recognition that it is important for orthopaedic surgeons to communicate effectively, establish 

trust and demonstrate empathy towards their patients, there is a dearth of research that has 

evaluated the orthopaedic surgeon-patient relationship and its effect on patient outcomes. In 

this study, the relationship with healthcare professionals played a substantial role in recovery. 

Patients reported that the support they received from their doctors had an important role in 

their recovery and accepting long-standing disability. Moreover, patients who suffered a 

complication had a positive perception of their recovery because of the emotional support and 

trust they had in their orthopaedic consultant. Complication rates after the surgical 
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management of complex proximal humerus fractures range from 16% to 64%180. Given that 

the likelihood of a complication is relatively high, the importance of the clinician-patient 

relationship cannot be overstated and for those patients that have a complication or revision 

surgery, it could have an important role in maintaining a positive outlook on recovery and 

their perception of their eventual clinical outcome. 

Social support, whether from family or health workers, is a well-established factor that 

contributes to patient recovery181,182. This has been described in relation to elective lower 

limb arthroplasty182 yet it is surprising that existing patient outcome tools do not incorporate 

the quality of support patients receive during their recovery. In the context of elderly patients 

with a proximal humerus fractures, the level of support patients receive has been emphasised 

by the findings of this study. A number of the patients included in this study lived alone or 

had spouses that were frail. The first difficulty such patients encountered was in the 

immediate aftermath of their injury. Patients were commonly discharged from the casualty 

department with an outpatient fracture clinic appointment with a view that they were safe for 

discharge because they were ambulatory. These patients waited up to a week before being 

seen and during that period they had difficulty with self-care and reported feeling extremely 

anxious. For those discharged from hospital after surgery there was a similar experience. For 

up to 6 weeks, many patients were entirely dependent on help from family, friends and carers 

and in cases where such support was not sufficient there was notable hardship endured by 

patients during that acute period. Outpatient multidisciplinary care and social support 

pathways following lower limb orthopaedic surgery are commonplace and have an important 

impact on patient recovery183. It is possible that there is a perception that ambulatory patients 

with one functioning arm are safe for discharge and can manage the required activities of 

daily living, however it was clear that for many patients in our study that physical and 

emotional support was lacking. In the later stages of recovery although physical support was 
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not as necessary, patients with family support adapted to their loss of function better and had 

a more positive emotional outlook. The role of a support network in improving patient 

outcomes after illness has been described in a number of fields in clinical medicine184,185. 

Unfortunately such work is not as well developed in orthopaedic research, and this may be to 

the detriment of the large proportion of frail older patients we treat. 

Patient satisfaction with their treatment has been closely associated with accessibility to their 

healthcare provider186,187. Although patients in this study generally talked positively about 

their levels of trust and confidence towards healthcare professionals, access to the hospital 

and its staff was a problem many described. The first period of time in which access to 

hospital was a problem was in the immediate aftermath of their injury. Patients waited for 

their clinic appointments or operation days with great uncertainty about what to expect. The 

time it took for them to meet a consultant and have a management plan established was 

viewed by most to be excessive. The problems with accessibility in the later stages of injury 

were mainly related to physical rehabilitation. Patients felt they were not getting enough time 

with their physiotherapists and this frustrated them because they perceived that it was 

hindering their progress. Similar experiences have been described in elective joint 

replacement surgery188 and underline the need for policy changes to improve access to health 

care. 

3.4.3 Implications of findings to clinicians and policy makers 

One of the key implications of this study is that breadth of themes emerging from the 

qualitative analysis extend beyond the domains reported in quantitative measurement 

tools52,189. Going forward, if health outcomes are to truly reflect the values of the target 

population with the specified injury, there is a need to develop a validated patient reported 

outcome measure (PROM). Existing measures are heavily weighted towards function, and 
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although this is important to elderly patients with complex proximal humerus fractures, 

improvement in pain and sleep are viewed to be more important in their recovery. 

Furthermore, the inclusion of emotional recovery, the support patients receive and the 

relationship of the patient with their clinician and healthcare provider may offer better 

construct validity to measures of patient outcomes in this field, and further work is needed to 

evaluate this. 

The importance of developing a new PROM for elderly patients with a proximal humerus 

fracture is also important because currently the myriad of different assessment tools capture a 

range of different themes. Within the literature it is clear that researchers in this field use a 

number of different PROMs in their trials to capture as many outcomes of interest as 

possible. It is likely that this is a burden on patients included in clinical trials as they are 

required to complete a number assessments during their follow up. A single PROM that 

captures all the relevant themes that are considered to be important to patients would help 

overcome this problem and this adds to the rationale of developing a new assessment tool in 

this field.  

3.4.4 Limitations of the study 

There are four main limitations to this qualitative study. Firstly, recall of events was quite 

variable amongst patients. The range of time that had passed since the initial injury ranged 

from 1 to 5 years. By their own admission, a few patients expressed difficulty recalling some 

of the events of their recovery. Unfortunately, complications and changes in health states can 

occur more than 1 years after the initial injury190 and therefore it was essential to include 

patients who had suffered their fracture beyond the 1 year threshold. Recall bias could be 

reduced in future research by conducting a prospective qualitative analysis during patients’ 

recovery. The second limitation of this study is that it does not offer insight into why patients 
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may perceive benefit from different treatment strategy. Recruitment was only sufficient to 

develop themes that were common to all the patients, however there is a need for future work 

to explore the differences in recovery for patients that undergo conservative management, 

locking plate fixation and hemiarthroplasty. This would provide a better understanding of 

why quantitative outcomes are better for patients with more complex fractures, as determined 

in Chapter 2. The third limitation of this study is that because it was conducted at a single 

centre, the external validity and applicability of the findings to other healthcare institutions 

may be limited. The selection criteria for our patients in this study meant that despite our 

hospital being a major trauma centre, the patients included had isolated injuries and therefore 

their treatment and recovery should closely reflect the experiences of elderly patients with a 

proximal humerus fracture at other hospitals. Service variability between hospitals is well 

recognised191 and therefore further work, particularly in the development of a patient reported 

outcome tool should be performed across multiple centres. Finally, because the patients were 

purposively selected to represent a wide range of health outcomes following treatment the 

heterogeneous sample of patients that were included may limited the opportunity of in-depth 

exploratory analysis within the different cohorts of included patients. Further work should 

include thematic analysis applied to specific homogenous groups of patients, or a sample 

large enough to allow for in-depth analysis amongst the different groups of patients. 

3.4.5 Conclusions 

In total seven themes were found that related to how patients perceived their recovery from 

their injury and treatment. Pain, sleep and function were three themes that were identified in 

this qualitative study that overlapped with domains in quantitative measurement tools in the 

assessment of health outcomes for older patients with a complex proximal humerus fracture. 

Patients weighed improvement in their pain and sleep more heavily than their level of 

shoulder function which is contrary to the weights applied to quantitative measures. 
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Emotional state, the role of support networks, relationships with healthcare professionals and 

relationships with the healthcare institution emerged as themes that have not been previously 

described in the existing literature/measures and were identified as key elements of how 

patients perceived their recovery. Further qualitative research in this field is needed so that 

patient reported outcome measures can be developed that are supported by qualitative 

analysis which reflects on the elements of recovery that patients perceive to be important. 
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Chapter 4 

Cost analysis of surgical treatment of proximal humerus fractures:  

an evaluation of cost drivers and comparison of institutional treatment  

cost with the national tariff 

This chapter is an adapted and unedited pre-publication version of a paper 

published in the Bone and Joint Journal (Sabharwal S, Carter AW, Rashid A, 

et al. Cost analysis of the surgical treatment of fractures of the proximal 

humerus. Bone Joint J 2016; 98-B: 249-259). It has been reproduced with 

permission from the publisher. 

4.1 Introduction 

In health economic research, value from the perspective of a service provider is often defined 

as the health outcome achieved per monetary unit spent107,192. The importance of value in 

health care is underlined by on-going fiscal austerity measures, the burden of an ageing 

population and the increasing cost of emerging medical technologies, all of which continue to 

challenge the financial viability of healthcare services193. The need to deliver cost effective 

treatment is now well recognised across all medical specialties and has resulted in a surge in 

health economic research within trauma and orthopaedic surgery194,195. In the United 

Kingdom (UK), the National Audit Office recommended that the health service achieve 

efficiency savings of £20 billion between 2011 and 2015196. More recent estimates suggest 

that the funding deficit will grow to £30 billion by 2020, while the demand for health services 

will continue to rise by 4% annually197. As musculoskeletal disease accounts for 

approximately 10% of all National Health Service (NHS) costs, particular attention has been 

paid to cost drivers and cost minimisation approaches in orthopaedic surgery198. Furthermore, 

recent orthopaedic research has focused on the financial burden of performing surgical 

procedures due to insufficient government reimbursement tariffs 117,118. 
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Costing methodologies can be broadly categorised as top-down costing, where average per 

diem departmental or disease specific costs are estimated based on overall spending, or 

bottom-up micro costing, where each resource required for treatment is analysed and used to 

generate a cost estimate110. The latter, although time consuming and often costly, is viewed to 

be a more systematic and transparent approach to establish treatment costs and to scrutinize 

cost drivers 110. Unfortunately, estimates of treatment costs often rely on less accurate top-

down costing methods or pre-determined and poorly described hospital charges that lack the 

granularity required to understand how value can be added to a particular treatment 199. 

Patient-level costing approaches are viewed to be superior, and tools for measuring resource 

use at this level are emerging; Patient Level Information Costing Systems (PLICS) 200 are 

used in the English NHS, but the system is yet to be validated, which is a limitation to their 

application to tariff benchmarking or for use in economic evaluation. Time-driven activity 

based costing (TDABC) was developed by Robert Kaplan and Steven Anderson at Harvard 

Business School and is a cost-calculation methodology that is commonly employed to 

perform bottom-up micro costing119. It involves a systematic analysis of the patient pathway 

and estimates the costs of activities based on their unit cost, as well as the time required to 

perform the service in question. As research continues to highlight how other methodologies 

fail to provide relevant or accurate information for costing health services, there has been an 

increase in the uptake and advocacy of TDABC, which is now viewed to be a superior 

alternative114. 

Although much of the focus on fracture management in older patients is centred on hip 

fractures, proximal humerus fractures account for approximately 10% of all fractures in 

patients over the age of 65135. The recent publication of the ProFHER trial 11 increases the 

evidence-base which suggests that surgical treatment may not improve long-term functional 

outcomes, however future research evaluating specific treatment alternatives, based on a 
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particular fracture-configuration and a more homogenous patient population may offer more 

clinical applicability76. The volume of existing research that evaluates the cost of surgical 

treatment of proximal humerus fractures is limited. In the United States (US), a recent study 

demonstrated how surgeons who performed more of these procedures incurred less overall 

cost per case for their hospitals201. This analysis used Nationwide Inpatient Sample costing 

values, which are derived from US hospital accounting data. The methodology used to 

determine these costs is lacking within the medical literature, but it is known to exclude 

clinician cost 202. A second study published in this field has used hospital charges and fee 

schedules to generate overall costs, and the methodology from which many of these charges 

were derived is not presented 120. An in-depth micro-costing analysis is required to provide 

accurate estimates of treatment costs, demonstrate what the major cost drivers are, and allow 

clinicians and policy makers to review whether further cost minimisation is possible. 

The primary objective of this study was to estimate the inpatient cost of surgical treatment of 

proximal humerus fractures by performing a comprehensive micro costing analysis using 

TDABC. The secondary objectives were to determine the institutional financial surplus or 

loss associated with the treatment options reimbursed by the national tariff, and to establish 

what the major cost drivers in the treatment pathway were. 

4.2 Materials and Methods 

4.2.1 Cost Analysis Perspective 

Although a societal perspective that includes outpatient, community and primary care costs, 

has the benefit of improving the quality of cost effectiveness research110, because the purpose 

of this cost-analysis study was to evaluate inpatient costs and cost drivers, an institutional 

perspective was considered appropriate. This study was performed at a London teaching 

hospital and therefore the perspective adopted was that of an English NHS acute hospital. 
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One of the key differences between the NHS in England and the respective NHS 

organisations in Scotland, Wales and Northern Ireland, relates to the way healthcare is 

commissioned203. In England there is a purchaser-provider split, where health services are 

commissioned by organisations called Clinical Commissioning Groups (CCGs). These 

groups procure NHS Services, including orthopaedic trauma care, which is delivered by 

English NHS Hospitals whose organisational structure and governance is independent from 

that of the CCGs. Reimbursement for specific treatments that the CCGs provide these 

hospitals is based on tariffs that have been calculated from national estimates of treatment 

costs which are submitted annually by all hospitals in England to the Department of Health. 

Individual tariffs are known as Healthcare Resource Groups (HRGs). These are often a case 

mix of similar procedures rather than one specific procedure. Within the NHS in Scotland 

and Wales, a purchaser-provider split does not exist. Individual health boards in these 

countries directly employ NHS staff and manage their local healthcare services. 

Reimbursement is based on locally agreed contracts. In Northern Ireland, although a 

purchaser-provider split exists, there is close consultation and cooperation between 

purchasers and providers and reimbursement is also locally negotiated between trusts and 

commissioning groups203. 

4.2.2 Micro-costing Approach 

The steps employed were based on the principles outlined by Kaplan for performing TDABC 

119, and incorporate recognised clinical pathway mapping methods204. A summary of the steps 

involved in the methodology is provided in Figure 4.1. 
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Figure 4.1. Outline of steps used in this cost analysis 

4.2.3 Definition of Patient Population and Medical Condition 

The patient population and injury definition used in this study are shown in Table 4.1. These 

definitions were based on a consensus between 4 orthopaedic surgeons (myself, Abbas 

Rashid, Chinmay Gupte and Peter Reilly), of what constituted a common clinical phenotype 

amongst patients commonly managed at our hospital. 

1
• Define the medical condition and patient population

2

• Define the potential stakeholders ( hospital staff involved in patient care) and 
create a preliminary patient pathway

3

• Interview all the stakeholders: determine their activities in the patient pathway 
along with estimates of activity times. Identify medical consumables and drugs 
that stakeholders required for these activites

• Refine the patient pathway according to interview feedback

4
• Validate all the steps in the patient pathway using a Delphi panel

5

• Cost the patient pathway: staff costs based on unit costs + consumables costs + 
medication costs + overhead estimation cost
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Table 4.1. Case scenario used to define medical condition and patient population. Barthel score fully 

detailed for staff during interview process. The inpatient length of stay is based on mean length of stay for 

proximal humerus fractures at our institution. 

Patient age 70 

Patient injury Comminuted proximal humerus fracture (Neer type III or IV) 

Medical co-morbidities (ASA grade) Mild systematic disease (ASA grade 2) 

Level of mobility Independently mobile 

Barthel score205 prior to admission 20 

Social status Lives in own house with wife 

Expected length of hospital stay 3 nights 

 

4.2.4 Defining the stakeholders and Creating a Preliminary Pathway 

A preliminary meeting of three orthopaedic surgeons (myself, Abbas Rashid and Peter 

Reilly) was used to generate an initial patient pathway, or Care Delivery Value Chain 

(CDVC) as a means of identifying possible major steps within the patient pathway as well as 

the stakeholders for each step. For instance, in the case of a patient presenting to the 

emergency department with a proximal humerus fracture, the stakeholders involved in this 

single step of the CDVC would be the receptionist, the triage nurse, an emergency 

department doctor, an emergency department nurse and a radiographer. Furthermore the 

departmental manager was also defined as a stakeholder because of their role in overseeing 

the entire process. 

4.2.5 Refining the CDVC and Detailing Staff Activities 

Semi-structured interviews were then conducted with all the stakeholders. Staff members that 

were interviewed included doctors, nurses, managers as well as a number of allied health 

professionals (physiotherapists, occupational therapists, pharmacists) and members of the 

wider healthcare services (receptionists, porters, domestic staff). Staff members were asked to 

review the preliminary CDVC and comment whether the overall pathway or individual 
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components were likely to represent a safe and probable clinical pathway at our institution. 

Questions were asked about their individual role in the pathway, the time they were likely to 

spend performing these activities based on a minimum and maximum range, and the 

consumables or drugs they required for the activities they were involved in. Time ranges 

were based on an expected range of time required to perform an activity based on differences 

in patient frailty and staff experience. After reviewing the interview responses, the CDVC 

was refined to include the opinions of the stakeholders in the pathway. 

4.2.6 Validating the CDVC 

Following the staff interviews and refinement of the CDVC, content validity of the pathway 

was established using a Delphi-technique. This is a structured communication technique that 

is used to gain consensus among a panel of experts206 and it is a recognised method for 

establishing the content validity of clinical pathways 207,208. 

The CDVC pathway was converted into a 65-step questionnaire linked to a 5-point Likert-

scale (Appendix 3). Each step included a summarised account of the various activities that 

formed the overall pathway and the likely time commitments based on a minimum and 

maximum probable time in minutes. Respondents were asked to rate how much they agreed 

with each step using the Likert-scale and to provide comments that rationalised their 

opinions, especially in circumstances where they disagreed with the proposed activity. In 

total 13 individuals were selected to be part of the Delphi panel and they remained 

anonymous to each other throughout the Delphi process. They included 5 orthopaedic 

consultants, 2 senior orthopaedic registrars, 2 anaesthetic consultants, 2 nurses working in 

management positions and 2 upper limb physiotherapists. Our study protocol defined 

consensus as being achieved when 9 out of the 13 panellists (69%) agreed with a step. This 

was based on existing Delphi-based research defining consensus as 60-67% agreement by 
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respondents209,210, as well as an awareness that certain members of the panel may be neutral 

regarding aspects of the patient pathway that they have not previously been exposed to in 

their clinical practice. When consensus was not met for a particular step it would be modified 

according to the reviewers’ comments, and in the next round of the Delphi-panel assessments 

the questionnaire would describe how revisions had been made according to feedback from 

the previous round. A limit on the number of rounds was not set for the Delphi process, and 

instead the pre-defined protocol was to end the process after consensus had been reached for 

each of the 65 steps. 

4.2.7 Establishing Capacity Costs 

Staff capacity cost rates were calculated using wage information acquired from the NHS pay 

scale211,212 (2014 costs). For all staff in the pathway, a minimum salary, a mean salary and a 

maximum salary were estimated based on intensity banding, seniority banding, point level on 

the pay scale and clinical excellence points achievable in the case of consultants. Further 

adjustment was made based on national insurance, pensionable income and London Weighting 

(an allowance that incentivises certain professionals to live in the capital where the cost of 

living is higher than elsewhere in the UK.) For consultants, the cost per minute was based on 

assumptions that included a 10 PA weekly job plan and an expectation of 420 PAs worked per 

year with consideration of annual leave, study leave and professional leave entitlements. For 

junior medical staff, cost per minute was based on an assumption of 44 weeks worked a year 

(annual leave and study leave allowances considered) and a probable 48 hours worked in a 

week. For other healthcare staff, calculations were based on assumptions on hourly wage 

adapted from the Royal College of Nursing and the NHS Agenda for Change211,213. 
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4.2.8 Costing consumables, medications and overheads 

All medical consumables, including surgical prosthesis and medications were assigned unit 

costs at the discounted prices charged to the institution by suppliers (2014 prices). The cost of 

laboratory investigations were calculated at pre-defined institutional estimates based on the 

staff cost as well as the equipment and reagent cost of each test. Medical imaging costs 

formed part of the TDABC analysis, where the cost of radiographers and radiologists for 

different procedures were estimated based on the time they spent performing or reporting 

each investigation. The overhead costs (those not directly related to patient care) included 

infrastructural components, service costs as well as the capital outlay of the hospital and each 

piece of medical equipment. Estimates of these costs were generated from the accounts of the 

estates and facilities department that oversees these myriads of non-clinical costs within the 

hospital. These costs were compared to the hospital’s general ledger. At our institution these 

account for approximately 26 % of the overall financial expenditure, and this proportion 

represents 35% of direct care costs. Therefore after the TDABC estimates of treatment cost 

were obtained, these values were increased by an additional 35% to account for overhead 

expenditure within the inpatient treatment pathway. 

4.2.9 Descriptive and Statistical Analysis 

The ranges of expected activity times, as well as the different capacity cost rates for 

individuals within the pathway resulted in a minimum, mean and maximum possible cost 

estimate for treatment. The individual implant costs for the different procedures performed at 

our institution were then applied to the costing methodology to produce cost estimate ranges 

for the different surgical techniques. An overall cost estimate was calculated as the mean 

value of these procedures and compared to the overall reimbursement tariff. The major cost 

drivers within the pathway were presented using descriptive analysis. One-way sensitivity 

analysis using a 20% change for each parameter was used to further scrutinize cost divers. 
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Threshold analysis was performed using the overall reimbursement tariff to evaluate how 

delays in the operating theatre would affect surplus. Statistical analysis was performed in 

SPSS v21. 

4.3 Results 

4.3.1 CDVC Development Process 

The initial CDVC consisted of 10 major steps and 26 stakeholders. During the staff interview 

process this was refined to 8 major steps that included 32 stakeholders. The updated CDVC 

was then evaluated by Delphi-panel and there was 100% response rate for both rounds of the 

process. In the first round there was consensus on 45 out of 65 (69.2%) steps of the 

summarised pathway. Amendments were made to the pathway in accordance with opinions 

provided by responders. After a second round, consensus was achieved on all the steps within 

the pathway. 

A total of 130 staff activities were included in the final CDVC (Figure 4.2) which was 

adapted to the 3 main types of surgery performed for comminuted proximal humerus 

fractures at our institution; open reduction and plate fixation, hemiarthroplasty and soft tissue 

reconstruction with a third tubular plate. The number of consumables required ranged from 

100 – 118, the number of drugs required was estimated at 159 and cost per unit of time was 

determined for 25 different types of staff members (Table 4.2). 
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Figure 4.2. Diagram demonstrating how costing was performed for each stage of the different 

steps that made up the entire Care Delivery Value Chain (CDVC). 
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Table 4.2. Table showing examples of how activity cost was estimated within the CDVC. Also 

included within the analysis were a minimum and maximum capacity cost for staff based on possible 

variations in earnings, a minimum and maximum activity range based on expected variations in 

activity times and a minimum and maximum overall activity cost. Full details on capacity cost 

assumptions and calculations provided in Appendix 3. 

Staff member 

Mean capacity-

cost rate 

(£/minute) Activity  

Mean time required 

to perform activity 

(minutes) 

Mean cost 

of activity 

(£) 

Consultant 

orthopaedic 

surgeon 

1.09 

Performing surgical procedure 

including skin preparation, 

draping, surgery and safe 

transfer to bed. 

120 130.8 

Consultant 

anaesthetist  
1.09 

Preparation and performing 

anaesthetic procedure 
30 32.7 

Orthopaedic 

SHO 
0.34 

Completing electronic 

discharge summary 
12.5 4.25 

Ward nurse 0.28 
Nursing ward round patient 

review 
7.5 2.1 

Casualty 

department 

radiographer 

0.31 
Positioning patient, performing 

and uploading x-ray 
15 5.38 

Porter 0.16 
Transfer of patient from 

casualty to ward 
15 2.4 

 

4.3.2 Cost of Treatment and Cost Drivers 

The overall inpatient cost of surgical treatment based on the mean values of the different 

treatment options available was estimated to be £3,282.82 (Table 4.3). Implant and theatre 

consumables together formed the largest cost driver at £1,350.74, which was 41.15% of the 

overall cost. 
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Table 4.3. Mean costs for all 3 procedures based on variations in staff capacity-cost rates and 

proposed activity times. 

Cost group Minimum (£) Maximum (£) Mean (£) 

Accident and emergency staff cost £39.49 £91.88 £62.35 

Accident and emergency consumables £48.37 £48.37 £48.37 

Accident and emergency medications £0.20 £0.20 £0.20 

Wards and Radiology staff cost £119.21 £338.87 £230.32 

Wards and Radiology consumables £34.63 £34.63 £34.63 

Wards and Radiology Drugs £21.70 £21.70 £21.70 

Theatre staff cost £371.01 £1,026.12 £649.69 

Theatre consumables and implant £1,350.74 £1,350.74 £1,350.74 

Theatre Drugs £33.72 £33.72 £33.72 

Overall direct cost £2,019.07 £2,946.23 £2,431.72 

Corporate overheads (35 % of direct costs) £706.67 £1,031.18 £851.10 

Total cost of treatment £2,725.74 £3,977.41 £3,282.82 

 

Overheads were estimated to be £851.10 based on a pre-determined estimate of overhead costing 

valued at 35% of overall treatment costs. An average bed day during the inpatient period was 

valued at £128.40. This estimate was derived from the total healthcare staffing costs for ward-

level activities within our CDVC. Staff members included doctors, nurses, physiotherapists, 

occupational therapists as well as other allied and wider healthcare personnel identified as being 

necessary within the defined CDVC. Furthermore, all the medication and consumable costs 

incurred on the ward were included. An overhead estimate was then added to this cost using the 

pre-defined method for overhead cost calculation, which would account for non-clinical ward 

costs such as electricity, water and ward-level capital costs. The mean operating theatre cost was 

valued at £2,746.10 based on theatre staffing, the implants, consumables, medications and 

overhead estimates. There was a large variation in procedure specific implant costs (Table 4.4, 

4.5 & 4.6) and this resulted in sub-group costs based on the type of procedure ranging from 

£2,055.50 for a soft tissue reconstruction, to £4,679.31 for a hemiarthroplasty (Figure 4.3). 
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Table 4.4. Implant specific procurement costs for locking plate. 

 Cost Units Total cost 

Plating procedure   

Plate £532.08 1 £532.08 

3.5mm locking screw £43.42 6 £260.52 

3.5mm cortical screw £11.91 4 £47.64 

Overall cost £840.24 

 

Table 4.5. Implant specific procurement costs for soft tissue reconstruction. 

 Cost Units Total cost 

Soft tissue reconstruction   

Third tubular plate  £25.00 1 £25.00 

3.5mm cortical screw £11.91 2 £23.82 

5.0 Ethibond £3.26 2 £6.52 

18G blunt needle £1.10 1 £1.10 

Overall cost   £56.44 

 

Table 4.6. Implant specific procurement costs for hemiarthroplasty. Sterilisation costs were 

included for each tray in the overall theatre consumable cost calculations (£80 per instrument tray). 

 Cost Units Total cost 

Hemiarthroplasty  

Implant Head £450.00 1 £450.00 

Implant Stem £1,375.00 1 £1,375.00 

Cement £50.00 1 £50.00 

Cement Mixer £45.00 1 £45.00 

Overall cost   £1,920.00 
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Figure 4.3. Hemiarthroplasty resulting in a financial loss to the hospital based on mean and 

maximum cost estimates. 

4.3.3 Financial profitability relative to national tariff 

With reference to the 2013/2014 payment by results (PbR) tariffs 214, the overall 

reimbursement for inpatient care of patients admitted for surgical treatment of a proximal 

humerus fracture was calculated to be £4,421.70 (Table 4.7). This represented a mean 

surplus for inpatient care of £1,138.88. The most profitable margin was estimated to be 

£2,923.27 for a minimum TDABC estimate when performing a soft tissue reconstruction 

procedure. In the case of a maximum TDABC estimate applied to performing a shoulder 

hemiarthroplasty there was a net loss of £952.20. 
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Table 4.7. Calculation of institutional reimbursement based on 2013/2014 Payment by result 

(PbR) tariffs. Market force factors are valued at 1.2417. 

Reimbursement type 

Healthcare Resource 

Group (HRG) Code HRG name 

Tariff adjusted for 

Institutional market 

force factors 

Accident and 

emergency episode 
VB08Z 

Category 2 treatment and 

category 1 investigation 
£136.59 

Orthopaedic admission 

and surgical treatment 
HA61C 

Major shoulder and upper 

limb for trauma without 

complication or comorbidity 

£4285.11 

Overall reimbursement for admission and treatment £4421.70 

 

Overall sensitivity analysis revealed that surgical implants and theatre consumables 

represented the cost diver with the biggest effect on overall cost estimates (Figure 4.4). 

Sensitivity analysis applied to staff costing revealed that variations in consultant time were 

the most sensitive staffing cost driver within the CDVC (Figure 4.5). Threshold analysis of 

the effects of delays to the operating theatre on overall cost revealed that after a 60-minute 

delay, the hospital would start to incur a net loss on treatment based on mean estimates taken 

across the 3 types of surgical procedures performed (Figure 4.6). This analysis was based on 

the assumption that a delay had occurred that prevented the anaesthetic procedure from 

commencing, and all members of the operating department team were redundant during that 

period. At our institution some of the reasons such delays occur are because of technical 

problems with operating theatre equipment and lack of availability of appropriate staff to 

proceed with the operation. Furthermore, after the capacity cost of all the redundant staff 

members as well as the overhead estimates were calculated, an additional opportunity cost of 

£15/min was also included based on existing NHS health economic research on theatre 

efficiency215. 
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Figure 4.4. Sensitivity analysis using 20% fluctuation in cost drivers illustrating that implant cost is the most sensitive cost driver that influences the 

overall cost of treatment. 
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Figure 4.5. Sensitivity analysis illustrating that within staffing costs, fluctuation in consultant cost has the largest effect on the overall cost of treatment. 
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Figure 4.6. Threshold analysis demonstrating how delays in theatre affected the overall cost of treatment. 
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4.4 Discussion 

4.4.1 Summary of findings 

This is the first NHS study to utilise TDABC methodology for cost analysis in orthopaedic 

trauma. The overall inpatient cost for surgical treatment of a proximal humerus factures in an 

elderly patient was estimated to be £3,282.82. When compared to the reimbursement from the 

national best practice tariff, this represents a net profit of £1,138.88. However, 

hemiarthroplasty is likely to result in an institutional loss of up to £952.20 because of 

substantially higher implant costs. The largest cost driver in the pathway was implant cost 

and theatre consumables. Theatre staff were the second largest cost driver, and their overall 

cost was almost 3-times the cumulative costs of staffing the rest of the inpatient pathway. 

Furthermore, operating theatre inefficiency as defined as redundancy of the operating theatre 

team for over 1 hour would result in a net loss to the institution. These findings are of 

particular importance to a large number of NHS trusts that continue to report large financial 

deficits and need to find ways to achieve efficiency savings 216. 

4.4.2 Economic and Policy Implications of Findings 

Establishing the cost and clinical outcomes of a treatment are important so that clinicians, 

healthcare managers and policy makers can scrutinise its value 217. With much of the focus in 

clinical research centred on evaluating patient reported outcomes, the standards for measuring 

these have become well established 218. In orthopaedic research the development and 

validation of these outcome measures is also often subjected to peer review219,220. 

Unfortunately, while the cost of a treatment contributes equally to understanding its value, 

methods for determining these costs, particularly in health economic research within 

orthopaedics, continue to rely on top-down estimates or the use of national tariffs 221,222. Top-

down costing is often discouraged because it lacks the transparency or detail to produce 

accurate cost estimates which can be studied and used to deliver cost saving approaches110. In 
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the case of the national tariffs, national guidelines for performing health economic 

evaluations actually advocate their use 223, despite research consistently showing that these 

surrogate cost estimates are inaccurate 117,118,224. Detailed analysis of a treatment using 

TDABC not only provides more accurate estimates of overall cost, but in-depth analysis of 

the cost drivers along the patient pathway and as a result the ability to improve efficiency and 

enhance resource utilisation217. In the case of this study, the sensitivity of operating theatre 

utilisation on the overall cost reveals how efficient and judicious management of just one 

resource during the inpatient pathway, has the potential to increase profits significantly. 

Although there is a strong emphasis on control of bed-day costs to improve efficiency in the 

health service225, within the treatment pathway in this study, operating theatre delays of an 

hour resulted in an additional £1,108.80 in costs incurred to the hospital. While a comparison 

with bed-days costs has some limitations, the calculated value of an additional bed-day was 

£128.40. The difference between these two values underlines the importance of better theatre 

utilization. 

For the purpose of health economic evaluations, TDABC offers more than just an accurate 

costing approach that improves the level of confidence in the cost-effectivenesss model, it 

provides an opportunity to consider the effects of cost containment on the overall analysis. In 

the case of management of proximal humerus fractures in the elderly, previous research has 

indicated that there is no significant incremental difference of costs and health outcomes 

between elderly patients who undergo surgery and those treated conservatively120. However, 

by using TDABC as a costing approach instead of charge rates or fee schedules, there is 

potential to evaluate the treatment pathway in detail, and control cost drivers using 

operational management techniques. Lean theory and six sigma were initially designed for 

use in the manufacturing industry, but are increasingly applied to clinical pathways in 
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surgical practice to deliver efficiency savings226. It is possible that such cost minimisation 

approaches applied to a CDVC, where surgical treatment can significantly improve patient 

outcomes 69, would improve theatre utilisation or implant procurement discounts to the point 

that the overall cost of surgery falls and the resulting incremental cost-effectiveness ratio is 

deemed acceptable to the health service within which the analysis is performed. 

In the United States, TDABC has proved to be a valuable tool for achieving efficiency 

savings in surgical treatment227 and it has also underlined the limitations of existing 

healthcare accounting methods228. Within the UK, questions remain about whether the 

structure of the English NHS would allow this tool to apply more accurate treatment costs to 

tariff benchmarking as well as whether it can improve service efficiency. The basis of this 

position is that the existing purchaser-provider means that the financial interests of hospitals 

and commissioning groups do not have to be aligned. Institutional profitability and efficiency 

will not necessarily benefit commissioning groups. Furthermore, where future TDABC 

research demonstrates substantial financial losses for specific orthopaedic treatments, English 

trusts may not be in the same position as hospitals in Scotland, Wales or Northern Ireland. In 

these countries, financial reimbursement provided by local health boards that are directly 

responsible for the hospital means that it should be easier to re-negotiate tariffs that TDABC 

research has demonstrated to be insufficient. The need for improved costing methods and the 

potential limitations of their application within an English NHS is particularly important at a 

time when recent health policy research has demonstrated that approximately two thirds of 

English Trusts are forecasting a deficit within the next year229. 

The overall institutional financial surplus for what is a complex upper limb procedure appears 

to be add odds with recent research in orthopaedics that has concluded that national 

reimbursement is often inadequate in orthopaedics117,118. However, the range of treatment 
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costs that were calculated based on acceptable variations in staff activity times and 

procedural choices, demonstrates that the national tariff is inadequate for benchmarking at a 

patient level. As such, our findings add credence to the belief that the tariff is often an 

unsuitable and inaccurate method for costing healthcare in the UK 117,230. Furthermore, while 

existing research has determined that the tariff undervalues the cost of surgical treatment, 

those analyses are based on joint reconstruction surgery 117,118 where arthroplasty implants 

can be up to four-times the cost of an osteosynthesis prosthesis. Our findings support those 

results; despite the average cost of treatment being relatively profitable, the cost when 

performing a hemiarthroplasty has been shown to result in institutional loss of revenue. 

Although procedure choice may be based on the preferences or experience of the operating 

surgeon, there are clearly defined indications where hemiarthroplasty is viewed to be a 

superior alternative231. In such cases, data from recognised joint registries 56 should inform 

decisions on implant choice and institutional procurement based on single-supplier or 

volume-based discounting may drive prices down considerably. 

Consideration must also be given to the use of reverse arthroplasty for proximal humerus 

fractures. Even though its long term cost-effectiveness has yet to be established, there is 

growing advocacy for this procedure in a trauma setting161, with a recent randomised trial 

demonstrating improved patient outcomes for the reverse prosthesis over hemiarthroplasty232. 

We excluded this implant from our analysis because at the time of our study, on the basis of 

surgeon preference within our institution, reverse shoulder arthroplasty was not performed for 

proximal humerus fractures. Should our current practice change we are likely to incur 

substantial financial losses because the procurement cost for a reverse implant at our hospital 

is approximately £1,000 more than that of the hemiarthroplasty prosthesis. The financial 

impact of the use of reverse shoulder replacements for trauma is likely to have nationwide 

implications. The 2016 National Joint Registry Report indicates a year-on-year increase in 
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the use of reverse shoulder replacements since 2012 and based on the 2015 data on shoulder 

fractures, there were 649 reverse shoulder replacements performed, compared to 736 

hemiarthroplasty procedures233. The potential for such losses raises more questions on the 

suitability of a national tariff system in adapting to and financially supporting evolving 

surgical practices. 

4.4.3 Limitations 

There are 4 main limitations to our study. Firstly, the overall costing model is specific to our 

organization and therefore the cost estimates derived from our methodology lack external 

validity. As such, it would be inappropriate to generalise these results for the purpose of cost-

effectiveness research performed at other institutions in the UK or abroad. This highlights the 

complexity of determining costs for health economic research, especially if costs are derived 

from a single institution. Going forward, national health economic research will continue to 

be based on tariff costs unless more robust costing systems are developed. Emerging costing 

tools such as PLICS may be the solution once they have been validated. Second, this study 

was not conducted as a prospective observational TDABC analysis. Although such a 

perspective would have been useful in the analysis of resource utilization and staff efficiency, 

prospectively accounting for every inpatient minute for a large group of trauma patients 

would require vast financial and staff resources. 

Third, our cost calculations may be conservative given the hypothetical patient type used 

to characterise the care pathway adopted in the study. This is more likely to be the case for 

physically frail patients. The implications of increasing medical complexity and 

comorbidities are beyond the scope of our study because of the population description 

applied to our analysis (Table 1). The financial impact of treating more complex patients 

warrants further attention because although it might appear intuitive that the cost of 
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treating them is higher, illness specific HRG codes should provide more reimbursement 

for patients suffering with concomitant medical illness in hospital. In addition, 

reimbursement for patients with increased medical comorbidities that undergo surgery 

would be higher based on a separate HRG code for upper limb trauma that takes into 

account patients that suffer a complication or have significant medical comorbidities. On 

the basis these additional reimbursements, it is feasible that patients with substantial 

medical comorbidities that are treated with a hemiarthroplasty would actually receive 

reimbursement that are surplus to treatment costs, however further research is required to 

establish whether this is the case. 

Finally, the assumptions for overhead costs were based on overall financial ledger 

estimates. Although such assumptions are generally excluded from TDABC methodology, 

these costs comprise a substantial proportion of expenditure within the health service and 

our research group believed that their exclusion would grossly deflate our cost estimates. 

Unfortunately, other comprehensive micro-costing approaches that accounts for them at a 

patient level are lacking, and therefore less rigorous methods were adopted to generate 

these estimates. 

4.4.4 Conclusions 

Using TDABC, the inpatient hospital cost of treating a comminuted proximal humerus 

fracture in an elderly patient was estimated to be £3,282.82. Overall, this represents a net 

profit of £1,138.88 in relation to national tariff reimbursent, however when hemiarthroplasty 

is performed there is a potential loss of £952.20. These findings suggest that the national 

reimbursement tariff does not accurately represent the breadth of surgical treatment options 

available for this condition. While this has implications for a health service trying to assert 

more control over its resources and achieve substantial efficiency savings, it should also be 
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recognised in future health economic research, where the costs of of operative fixation or 

hemiarthroplasty may be inaccurately represented by the national tariff. Finally, this study 

has shown that effective operating theatre utlization, specifically appropriate implant 

selection and staff efficiency are likely to be a more important cost containment approaches 

than control of bed-day costs. 
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Chapter 5 

Cost effectiveness analysis of management strategies  

for complex proximal humerus fractures: a 2 year time horizon  

based on a decision analytical model 

5.1 Introduction 

As the National Health Service (NHS) and hospital trusts that deliver patient care face a 

growing deficit 234,there is increasing interest in understanding the health economic benefits 

of alternative treatment interventions, particularly in orthopaedics11,235,236. Although clinical 

research investigating quantitative outcomes of treatment strategies for proximal humerus 

fractures is well established91 29, there has been little evaluation of what encompasses the 

safest and most effective method of management, relative to health expenditure within a 

health service with finite financial resources. 

There is a common perception that economic evaluations alongside randomised controlled trials 

(RCTs) are the most appropriate means for determining the health economic benefits of alternative 

treatment interventions 237 110. This view is derived from a belief that internal validity is improved 

by prospective data collection within a selected patient and provider population 238. To date, 2 

studies have attempted to investigate the health economic outcomes of alternative treatment 

strategies for proximal humerus fractures and both have been performed alongside RCTs11,120. 

Handoll et al.’s health economic evaluation11 was performed alongside the PROFHER trial 29, a 

large pragmatic multicentre RCT in the United Kingdom that compared surgical and conservative 

management of proximal humerus fractures. The authors concluded that surgical treatment was 

not more cost effective than conservative management. The applicability of these findings to 

decision making for more complex fractures have been challenged, largely because a substantial 

proportion of 2-part fractures were included in the trial239. A smaller single-centre study performed 

by Fjalestad et al. 120 concluded that there was no significant difference in quality adjusted life 
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years (QALYs) and treatment costs between locking plate fixation and conservative management 

for 3 or 4 part proximal humerus fractures. Although this study included patients with more 

complex fractures, the applicability of its findings to the English NHS is challenging owing to the 

differences in health service structure between Norway and England 240. 

Decision analytical models are a commonly used alternative framework for conducting health 

economic evaluations(HEEs)77. Their application is particularly relevant when the 

conclusions of HEEs conducted alongside RCTs are weak. This occurs when there is a lack 

of external validity of the primary study, the number of treatment alternatives included is 

limited, and there are existing studies that provide relevant, and often contradictory data on 

costing or health consequences of the treatment strategies77,122. Decision analytical models in 

cost utility analyses adopt parameters on cost and health outcomes from multiple published 

studies within the existing evidence base, as well as proposed parameters derived from expert 

opinion77,241,242. A decision tree is a basic economic model in which the alternative options 

and outcomes are represented by pathways in the decision tree model (See Figure 5.1). 

 

Figure 5.1. Example of a hypothetical decision tree, demonstrating comparison of different 

treatments available for Condition X. Pay-offs at terminal nodes include cost and effect (QALYs). 

The costs and utilities are aggregated and the incremental cost effectiveness ratio of the treatment is 

compared with a willingness to pay value to determine which treatment is cost-effective. 

At each stage along the course of the decision tree there is a probability of entering the 

different pathways and the sum of these probabilities should equate to 1. The pathways 
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terminate at a terminal node where the pay-offs, which represent the sum costs and clinical 

outcomes, are assigned 77. The expected payoffs of each treatment option are calculated and 

the incremental cost effectiveness ratio (ICER) between treatment options is obtained to 

determine which is the most cost effective treatment relative to a predetermined willingness 

to pay (WTP) value. For instance in Figure 5.1 the mean cost per QALY for each treatment is 

calculated based on the probability of successful and unsuccessful treatment and the 

incremental difference between each intervention represents the ICER. 

Von Neumann and Morgenstern, researchers at the Institute for Advanced Study in Princeton, 

set the mathematical foundations for decision theory in the book title “Theory of Games and 

Economic Behaviour” published in 1944243. Although this work was credited with the study 

of strategic decision-making, or game theory, which has been commonly used in economics 

and political sciences, its potential application in healthcare was first recognised when the 

journal Science published Ledley and Lusted’s study “Reasoning foundations of medical 

diagnostics: Symbolic logic, probability, and value theory aid our understanding of how 

physicians reason” 244. This paper, which was the work of a mathematician (Robert Ledley) 

and a radiologist (Lee Lusted), considered the probabilities of disease occurring based on 

different combinations of symptoms and the effectiveness of treatments based on the ‘pros 

and cons of each treatment in relation to the disease complex’. The authors proposed that 

such mathematical techniques would enable clinicians to ‘make a more precise diagnosis’ and 

‘a more scientific determination of the treatment’. Since the publication of this paper in 1959, 

health economics and decision analytical modelling have matured into a healthcare science 

which is conducted based on a standardised consensus driven methodology242. Furthermore 

its application now forms the basis of recommendations in national healthcare policy in the 

UK, Europe and United States245-247. 
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The absence of a HEE for management strategies of complex proximal humerus fractures not 

only weakens the evidence base that should inform decision making, it has created an intellectual 

vacuum surrounding the understanding of how much treatment or implants can cost within the 

context of WTP in the English NHS. Application of health economics to this field also has the 

potential to quantitatively inform orthopaedic surgeons how variability in complication rates or 

health utilities play a role in determining which treatment is most cost-effective. 

This aim of this chapter was to perform a cost-effectiveness analysis using a decision 

analytical tree modelled on existing published evidence, and to identify what is the most cost 

effective treatment option for complex proximal humerus fractures within an English NHS 

setting. 

5.2 Methods 

This HEE was performed according to Consolidated Health Economic Evaluation Reporting 

Standards (CHEERS) 242. 

5.2.1 Study design 

The target population for this HEE was an elderly cohort of patients with a 3 or 4-part 

proximal humerus fracture. The definition of elderly patients in orthopaedics is most 

commonly based on chronological age and reported by a heterogeneous group of values133. 

The most commonly reported chronological age in orthopaedic research is a patient at or 

above 65 years133 and this was adopted as the definition of an elderly patient in this study. 

Therefore data were only selected from existing research in which the mean age of patients 

included was 65 years or more. As discussed in earlier chapters, elderly patients represent the 

largest proportion of patients that sustain complex proximal humerus fractures and this made 

the population definition relevant to the economic evaluation 
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The setting of this study was the English NHS and the perspectives adopted were based on 

the recommendations provided by the National Institute for Health and Clinical Excellence 

(NICE), for the evaluation of health technologies248. The primary perspective of the study 

was that of an NHS payer based on treatment reimbursement costs acquired from nationally 

reported tariffs for Healthcare Resource Groups (HRGs). The strength of such a perspective 

is that the cost estimates apply to the NHS across England and therefore the results of a cost 

utility analysis would have greater external validity. However, as pointed out in the NICE 

guidance248, micro-costing data may also be appropriate because different treatments 

reimbursed by the same HRG can have different institutional costs. Therefore cost estimates 

acquired from the micro-costing study reported in Chapter 4 formed part of the sensitivity 

analysis in which a cost utility analysis based on institutional treatment costs would be 

performed. More comprehensive societal costs such as those incurred from primary 

healthcare services, social care or productivity losses were not included because there is no 

available research or data to support their estimates. 

The intervention strategies in this analysis included all reported treatment methods for 

managing 3 or 4 part proximal humerus fractures, for which there was exiting Level I 

evidence249 reporting on probability outcomes of treatment and the measures of effectiveness 

(health utilities) used in this cost utility analysis. The time horizon of a HEE evaluation refers 

to length of time over which the costs and consequences are evaluated242. A 2-year time 

horizon was used for this study based on the findings of a systematic review of the literature 

reported in Chapter 2, which found that most RCTs had a maximum 2-year follow up. 

Furthermore long-term retrospective studies have shown that complication rates after 2 years 

are low 190,250 and therefore it was felt that this further justified the design of an economic 

model based on a 2-year time horizon. Other agreed assumptions for the economic model 

included that only 1 secondary surgical or revision procedure would be performed within the 
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stated time horizon and outpatient follow up appointments were equivalent between the 

selected interventions. These assumptions were based on the expert consensus of four 

orthopaedic surgeons, a health economist and a decision analyst, after it was determined that 

pre-existing data for these factors was not present in the scientific literature. 

Discounting in a health economic evaluation relates to different weights given to costs and 

health outcomes relative to the time at which they occur. It is a principle based on the belief 

that current costs and benefits are higher, as there is an opportunity cost from loss of 

investment return for money spent, and society has a preference to gain health outcomes 

today rather than in the future251. Discounting costs along a time horizon is used to reflect the 

return of investment on money spent in the future. It was not performed within this health 

economic evaluation because a 2 year time horizon was built into a decision tree, not a 

Markov chain, and therefore transitional costs at 1 year could not be accounted for. 

A decision tree model was constructed and the health economic analysis was performed using 

the decision analysis software (TreeAge Pro; TreeAge Software, Williamstown, 

Massachusetts). This model included the cumulative outcome probabilities of each treatment 

strategy reported in published RCTs for 3 or 4-part proximal humerus fractures. Costs for 

each outcome of treatment were incorporated into the model as were 2 year quality adjusted 

life years (QALYs) which were derived from published RCTs. In cases where there was 

paucity of outcome data from Level I studies, retrospective research and expert consensus 

was used to create surrogate values. These values were subsequently subjected to sensitivity 

analysis to establish their effect on the constructed decision model. 
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5.2.2 Model Inputs 

5.2.2.1 Outcome probabilities 

Outcome probabilities were based on the reporting of 2-year follow up by 5 RCTs 

30,69,148,232,252 (Table 5.1). The only treatment interventions with published outcome data in 

the form of health utilities were conservative management, locking plate fixation and 

hemiarthroplasty. As such, these 3 management strategies and their cumulative outcome 

probabilities from the 5 identified RCTs were used to build an economic model. 

The probability values for of a complication for each intervention is summarised in Table 5.2 

and the probability values for complications requiring secondary surgery is summarised in 

Table 5.3. A full description of these complications and revisions as reported by each study 

is available in Appendix 4. 

Table 5.1. Characteristics of 5 studies used to determine outcome probabilities used in decision 

tree model. 

Author (Year) Country 

Sample 

size 

Mean 

age Treatment strategies 

Fracture type 

(Neer 

classification) 

Health utilities 

reported 

(Type) 

Cai et al. 

(2012)  
China 32 71.9 

Hemiarthroplasty 

Locking plate 
4 part Yes (15D) 

Fjalestad et al. 

(2012)  
Norway 50 72.56 

Locking plate 

Non-operative 

3 part (52%) 

4 part (48%) 
Yes (EQ5D) 

Olreud et al. 

(2011)  
Sweden 55 76.65 

Hemiarthroplasty 

Locking plate 
4 part Yes (EQ5D) 

Olreud et al. 

(2011)  
Sweden 60 73.9 

Locking plate 

Non-operative 
3 part Yes (EQ5D) 

Sebastiá-

Forcada et al 

(2014)  

Spain 62 - 
Hemiarthroplasty 

Reverse arthroplasty 

4 part (83.9%) 

3 part (16.1%) 
No 
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Table 5.2. Summary of model input values for complications. 

 

Total cases 

Total 

complications 

Mean probability 

of a complication 

Probability range 

for a complication 

Locking Plate 65 29 0.446 0.25 – 0.696 

Hemiarthroplasty 72 14 0.194 0.083 – 0.3 

Conservative 78 32 0.410 0.357 – 0.64 

 

Table 5.3. Summary of model input values for complications requiring secondary surgery. 

 

Total 

complications 

Total number 

of secondary 

operations 

Probability of 

complication requiring 

secondary surgery 

Probability range for 

complications requiring 

secondary surgery 

Locking Plate 29 16 0.551 0.25 – 1 

Hemiarthroplasty 14 13 0.928 0.889 – 1 

Conservative 32 3 0.094 0.0625 – 0.167 

 

Reported outcomes probabilities following revision surgery are not described in published 

RCTs. Only a handful of case series have reported on secondary surgery following 

complications of management of proximal humerus fractures190,253,254, and these Level IV 

studies have shown that complication rates and outcomes are worse than those reported 

following primary management. Expert consensus was adopted for modelling outcome 

probabilities after secondary surgery with an assumption that half of patients would 

experience a complication. This probability was then modified according to a broad range of 

values within the sensitivity analysis, for each of the 3 treatment interventions. This 

sensitivity analysis was important as it scrutinized how input parameters that were not 

derived from published clinical evidence affected the overall cost-effectiveness results. 

5.2.2.2 Costs 

The costs used in this health economic evaluation were based on national reimbursement 

tariffs in the NHS in England. These costs are referred to as Payment by Result (PbR) tariffs 
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and are set every year by the Department of Health (DoH) in England. These values are based 

on estimates of treatment costs for case-mixes of conditions, called Healthcare Resource 

Groups (HRGs) that are submitted to the DoH by hospital trusts in the NHS in England. The 

values used within this study are based on the PbR national prices set for 2014 to 2015214. 

Reimbursement for different treatments, such as hemiarthroplasty and plate fixation, is often 

the same because HRGs can encompass a wide range of treatments. Although this does not 

reflect actual differences in treatment costs, these values have national applicability and 

micro-costing surrogate values may lack external validity because of variations in treatment 

costs between hospitals255. After primary analysis using PbR costs was performed, sensitivity 

analysis using institutional costs of treatment derived from a micro-costing study reported in 

Chapter 4, were used to evaluate the effect on the overall results. 

Reimbursement tariffs included those related to inpatient treatment as well as outpatient 

follow up. An assumption used within this model was that following each treatment a patient 

would have 6 outpatient clinic reviews. Outpatient physiotherapy costs were excluded 

because these are not based on national tariffs, but rather are negotiated locally as block 

contracts by each hospital. Another assumption related to costing was that patients managed 

non-surgically were not admitted into the hospital and therefore the only costs incurred were 

those related to outpatient clinic attendance. 

The PbR costs used in this study are listed in Table 5.4 and they exclude market force factors 

(MFFs). These indices, which are used to reflect differences in overhead costs between 

institutions based on their geographic location, were not felt to add value to a HEE based on 

an overall English NHS perspective. Each unit of treatment in Table 5.4 relates to a 

chargeable unit of healthcare based on the potential outcomes identified from the RCTs used 

to build this economic model. The institutional cost estimates are listed in Appendix 4. 
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Table 5.4. Input parameters for costing based on national tariffs 

Unit HRG Reference code Description Cost (£) 

Primary locking plate 

procedure 

HA61C Major Shoulder and Upper Arm 

Procedures for Trauma without CC 

3413 

Primary hemiarthroplasty 

procedure 

HA61C Major Shoulder and Upper Arm 

Procedures for Trauma without CC 

3413 

Post procedure first clinic 

follow up appointments 

WF01B First Attendance – Single Professional 119 

 

Subsequent clinic follow up 

appointments 

WF01A Follow Up Attendance – Single 

Professional 

70 

Re-plating for locking plate 

procedure 

HB61B Major Shoulder and Upper Arm 

Procedures for Non-Trauma with CC 

5490 

 

Removal of locking plate HB62B Intermediate Shoulder and Upper Arm 

Procedures for Non-Trauma with CC 

3136 

Revision of infected locking 

plate  

HB61B Major Shoulder and Upper Arm 

Procedures for Non-Trauma with CC 

5490 

 

Revision of locking plate to 

hemiarthroplasty 

HB61B Major Shoulder and Upper Arm 

Procedures for Non-Trauma with CC 

5490 

 

Revision of hemiarthroplasty 

to other hemiarthroplasty  

HB61B Major Shoulder and Upper Arm 

Procedures for Non-Trauma with CC 

5490 

 

Wound revision of infected 

hemiarthroplasty or locking plate 

HB62B Intermediate Shoulder and Upper Arm 

Procedures for Non-Trauma with CC 

3136 

Intra-operative 

hemiarthroplasty fracture 

treated with cerclage wire 

HA61B Major Shoulder and Upper Arm 

Procedures for Trauma without CC 

4330 

Manipulation under 

anaesthesia of stiff 

hemiarthroplasty 

 Minor Shoulder and Upper Arm 

Procedures for Non-Trauma 

1028 

Revision of hemiarthroplasty 

to reverse arthroplasty 

HB61B Major Shoulder and Upper Arm 

Procedures for Non-Trauma with CC 

5490 

 

Acromioplasty and release of 

adhesions after 

hemiarthoplasty 

HB62B Intermediate Shoulder and Upper Arm 

Procedures for Non-Trauma with CC 

3136 

Fixation of tuberosity after 

hemiarthroplasty 

HB62B Intermediate Shoulder and Upper Arm 

Procedures for Non-Trauma with CC 

 

3136 

Locking plate fixation for 

acute displacement of 

conservatively managed 

fracture 

HA61C Major Shoulder and Upper Arm 

Procedures for Trauma without CC 

3413 
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Unit HRG Reference code Description Cost (£) 

Hemiarthoplasty for acute 

displacement of conservatively 

managed fracture 

HA61C Major Shoulder and Upper Arm 

Procedures for Trauma without CC 

3413 

Sub-acromial decompression 

for impingement after 

conservatively managed 

fracture 

HB63Z Minor Shoulder and Upper Arm 

Procedures for Non-Trauma 

1028 

 

5.2.2.3 Health Utilities and Quality Adjusted Life Years 

Quality adjusted life years (QALYs) are summary measures used for health outcomes in 

economic analysis that incorporate both the quantity and quality of an individual’s life256. 

They were the measure of clinical effectiveness employed within this study. These values 

were derived from health utilities reported in 4 RCTs30,69,148,252. The health utilities were 

transformed into QALYs using an area under the curve (AUC) methodology256 in Microsoft® 

Excel®, Mac Version 2011. A description of this methodology is detailed in Appendix 4. 

When HEEs are performed in parallel to RCTs it is possible to use population specific health 

utility values to reflect different clinical outcomes. However, when sub-group means are not 

available, which is often the case when performing secondary analysis, estimates of health 

utilities are often based on expert opinion77. More than a third of cost utility analyses use 

utilities based on the authors’ judgements257 and such assumptions are commonly adopted in 

orthopaedic research258-260. Provided these assumptions are subjected to sensitivity analysis 

which demonstrates their effect on the study’s results, such methodology is viewed to be 

acceptable77. 

The health utilities presented in the 4 RCTs30,69,148,252 included the mean 2-year health utilities 

along with standard deviation (SD) values. For instance at 2-year follow up the health utility 

for patients managed conservatively in an RCT may have been reported as 0.65 and the SD as 

0.15. Although this result is indicative of the clinical outcome for the overall population it is 
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not directly informative of how patients who fared well reported their health utilities relative 

to those that had a complication. A consensus-derived methodology by the authors of this 

study was based on an assumption that subjective reporting of health utilities would be 

normally distributed. This assumption was established by expert opinion, however existing 

research also suggests that functional shoulder outcomes in a normal population of elderly 

patients261 as well those who have undergone shoulder surgery262, is normally distributed. 

Based on this assumption the health utilities of the cohort of patients who had fared better for 

each intervention was calculated by adding 0.5 SD to each health utility. For those who 

sustained a complication, the health utility was calculated by subtracting 1 SD from the mean 

health utility of each intervention. 

The rationales for these calculations are demonstrated in Figure 5.2, 5.3, and 5.4. 

 

Figure 5.2. The assumed normal distribution of 2-year health utilities reported in existing studies 

if the mean value was 0.65. 
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Figure 5.3. The estimated health utility for patients with a complication (or the complication 

state) taken to be 1SD/σ subtracted from the mean. In a normal distribution this accounts for 

approximately the bottom 15% of the population. Based on a complication rate of between 20-30% 

this position on the curve is representative of those patients. 

 

Figure 5.4. The estimated health utility for patients without a complication (or the well state) 

taken to be 0.5SD/ σ over the mean. This position on the curve is representative of patient health 

utilities in upper 67% of a normal population. 

There is also an absence of published data that reports on health utilities after revision 

surgery or management of proximal humerus fracture sequelae. The study authors agreed that 

because of the disutility encountered from further surgery and the likelihood that function and 

health state after successful secondary surgery were unlikely to be at the same level as after 
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successful primary management, the utility estimate for successful secondary surgery would 

be half way between the primary ‘well state’ and the primary ‘complication state’. 

The estimates for health utilities after complications of secondary surgery were based on a 

methodology adopted from a cost utility study comparing hemiarthroplasty and reverse total 

shoulder arthroplasty for rotator cuff tear arthropathy259. The authors of this study used the 

ratio of the primary well and complication states to determine the complication utility value 

after secondary surgery. For instance if the primary management well state was 0.65 and the 

complication state was 0.5, then a ratio of 0.77 would be adopted and applied to a post-

secondary surgery well state utility of 0.575 to derive a post-secondary surgery complication 

state of 0.443. The impact of uncertainty surrounding these assumptions would form part of 

the sensitivity analysis. 

The input parameters for QALYs are summarised in Table 5.5.  

Table 5.5. Summary of input parameters for QALYs in health economic model 

QALY Description 

Value 

Origin of QALY values Base Case Low High 

Well state after conservative 

management  
1.605 1.545 1.719 

Fjalestad et al148, Olreud et al69, 

Olreud et al30 

Well state after locking plate 

fixation 
1.704 1.647 1.756 

Cai et al252, Olreud et al69, Fjalestad 

et al148 

Well state after 

hemiarthroplasty 
1.713 1.682 1.744 

Cai et al252, 

Olreud et al30 

Complication state after 

conservative management 
1.029 0.76 1.486 

Fjalestad et al148, Olreud et al69, 

Olreud et al30 

Complication state after 

locking plate fixation 
1.165 0.958 1.492 

Cai et al252, Olreud et al69, Fjalestad 

et al148 

Complication state after 

hemiarthroplasty 
1.165 1.154 1.175 

Cai et al252, 

Olreud et al30 

Improvement after secondary 

surgery for conservative 

management 

1.317 1.196 1.603 Expert opinion 
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QALY Description 

Value 

Origin of QALY values Base Case Low High 

Improvement after secondary 

surgery for locking plate 

fixation 

1.434 1.333 1.624 Expert opinion 

Improvement after secondary 

surgery for hemiarthroplasty 
1.439 1.418 1.460 Expert opinion 

Complication after secondary 

surgery for conservative 

management  

0.658 0.486 0.951 Expert opinion 

Complication after secondary 

surgery for locking plate 

fixation 

0.792 0.651 1.014 Expert opinion 

Complication after secondary 

surgery for hemiarthroplasty 
0.792 0.785 0.799 Expert opinion 

 

The health utilities that were used to determine these QALY’s are provided in Appendix 4. 

QALYs are reported as an expected gain in quality adjusted life years at 2 year follow up. 

Therefore, unlike 1 year health utility reporting where 1 represents perfect health and 0 

represents death, in this analysis a value of 2 represents perfect health and 0 represents death. 

5.2.3 Cost Utility Statistical Analysis 

The input parameters derived from a systematic review of the literature, expert opinion, 

national costing data and institutional treatment costs resulted in the design of a decision tree 

illustrated in Figure 5.5. The complete decision tree which describes all the surgical 

strategies included after a complication is included in Appendix 4. 

Cost-effectiveness analysis was performed on the basis of a willingness-to-pay (WTP) of 

£20,000/QALY. This value is cited by NICE as the upper limit of how much treatments 

within the NHS should cost in order to be deemed cost-effective248. The differences in cost 

effectiveness between interventions is determined using a measure called the incremental 

cost-effectiveness ratio (ICER). The ICER is calculated by dividing the net costs between 
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treatments from the net QALYs. For instance the ICER of hemiarthroplasty (HA) relative to 

conservative management (CM) would be based on the equation; 

[(Cost HA – Cost CM) / (QALYHA -QALYCM)]. 

If a treatment strategy is more expensive and provides less effectiveness it is said to be 

dominated and is immediately viewed to be less cost effective. If a treatment requires increased 

cost but is more effective, cost-effectiveness is established if the ICER falls within the WTP of 

the model (£20,000/QALY). Cost effectiveness-analysis was performed and presented as 

graphical illustrations of the cost-effectiveness plane, as well as text summarising the rankings. 

 

Figure 5.5. Conceptual model illustrating how a hypothetical patient with a 3 or 4 part proximal 

humeral fracture would pass through a decision analytical model over a 2 year time horizon. 
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5.2.4 Sensitivity Analysis 

Multi-way sensitivity analysis was performed to evaluate uncertainty within the economic 

model. Uncertainty based on input parameters was evaluated through sensitivity analysis with 

2 approaches. Firstly the range of values for each input parameter established from the 

literature search, or expert opinion, were adopted to test uncertainty in the model. 

Additionally, hypothetical values were input to determine the thresholds at which the model 

would become unstable if the range of values from the literature review did not affect the 

overall results. 

Sensitivity analysis in Treeage Pro determines cost-effectiveness based on net monetary 

benefit (NMB). NMB is calculated using the following equation: 

NMB = (Effectiveness Intervention A × WTP) - Cost Intervention A 

NMB is commonly employed in health economic studies, particularly for sensitivity analysis 

because it is viewed to be more transparent in the comparison of multiple strategies than cost-

effectiveness ratios263. Furthermore, as they incorporate WTP within their formula they are 

easier to interpret as the higher the NMB of an intervention, the more cost-effective it is. 

Finally, cost parameters were subjected to sensitivity analysis by replacing national tariff 

costs with estimates of institutional treatment cost, which were obtained from a micro-costing 

study performed in Chapter 4 (summary of these values presented in Appendix 4). 

5.3 Results 

Within this health economic model, hemiarthroplasty was found to be the most cost-effective 

treatment strategy for the management of 3 and 4-part proximal humerus fractures (Figure 

5.6). Internal fixation was dominated by hemiarthroplasty because it had a lower estimated 

effectiveness and a higher cost. Although hemiarthroplasty was more expensive than 
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conservative management, it had a higher estimated effectiveness and its ICER was 

calculated to be £18,000.31/QALY. Within a framework of a WTP of £20,000 this made it 

the most cost-effective treatment. 

 

Figure 5.6. Cost-effectiveness graph illustrating how hemiarthroplasty lies within the WTP 

threshold and has a higher effectiveness and cost than conservative management, as well as a higher 

effectiveness and lower cost than internal fixation with a locking plate. 

The summary of outputs generated from the cost-effectiveness analysis is provided below in 

Table 5.6. 
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Table 5.6. Summary of outputs generated from cost-effectiveness analysis performed on the 

model. 

Strategy Cost, £ 

Incremental 

Cost, £ 

Effect, 

QALYs 

Incremental 

Effect, QALYs 

ICER, £/QALY 

gained NMB 

Conservative 

management 575.87 - 1.37 - - 26,768.94 

Hemiarthroplasty 4,725.59 4,149.72 1.60 0.23 18,000.31 27.229.94 

Internal Fixation 4,876.38 4,300.51 1.45 0.08 51,449.71 24,140.16 

 

5.3.1 Sensitivity analysis 

5.3.1.1 Outcome probabilities reported in the literature 

In 3-way sensitivity analysis, in which primary complication rates were varied according to 

the complication rates in Table 5.2, hemiarthroplasty remained the most cost effective 

strategy provided the complication rate was less than 19% (Figure 5.7). 

Within the context of testing uncertainty using hypothetical values, below a locking plate 

complication rate of 21.9%, the decision model becomes unstable (Figure 5.8). However, 

complication rates above 36% for conservative management and above 19% for 

hemiarthroplasty would be required to make locking plate fixation the most cost effective 

intervention at this threshold (Figure 5.9). As the value drops further to 11%, the 

complication rate of conservative management needs to be above 25% for locking plate to be 

the most cost effective option (Figure 5.10). 
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Figure 5.7. Three-way sensitivity analysis showing hemiarthroplasty to be the most cost effective 

strategy provided its complication rate is less than 19%. The complication rate for internal fixation is 

set at 25%, which is the lowest reported rate. pConservativecomplication is the model’s description of 

the complication rate following conservative management; pHemicomplication is the model’s 

description of the complication rate following hemiarthroplasty. 
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Figure 5.8. Sensitivity analysis showing how hypothetical variation in internal fixation 

complication rates affects the conclusions of the model. Below a complication rate of 21.9% locking 

plate fixation becomes more cost effective than hemiarthroplasty. pIFcomplication is the probability 

of a complication following internal fixation with a locking plate. 
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Figure 5.9. Three-way sensitivity analysis illustrating how the model changes when the 

probability of a complication falls below 21.9% with locking plate fixation. In this scenario the 

complication rate for locking plate fixation is set at 21% and locking plate is only more cost effective 

when the complication rate of hemiarthroplasty is above 18% and the complication rate of 

conservative management is above 17%. pConservativecomplication is the model’s description of the 

complication rate following conservative management; pHemicomplication is the model’s description 

of the complication rate following hemiarthroplasty. 
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Figure 5.10. Three-way sensitivity analysis illustrating which treatment intervention is the most 

cost-effective based on a locking plate complication rate of 11 or less% (and a complication rate after 

hemiarthroplasty less than 10% and after conservative management less than 17%). 

pConservativecomplication is the model’s description of the complication rate following conservative 

management; pHemicomplication is the model’s description of the complication rate following 

hemiarthroplasty. 

When secondary surgery rates were analysed using the range of values reported in the 

literature (Table 5.3) there was no effect on the model and hemiarthroplasty remained the 

most cost effective model (Figure 5.11). This was found to be the case in testing hypothetical 

uncertainty, with an extreme scenario demonstrating how insensitive the model is to these 

outcome probabilities; if the secondary surgery rate for complications of hemiarthroplasty is 

100% and for internal fixation or conservative management it is 5%, hemiarthroplasty still 

remains the most cost effective strategy. This is likely to reflect existing research, which 

reports a lower complication rate for hemiarthroplasty, however a substantially higher re-

operation rate when a complication has occurred.  
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Figure 5.11. Three-way sensitivity analysis showing that hemiarthroplasty is the most cost 

effective treatment strategy even if the rate of secondary surgery is modified according to the range of 

reported values in the literature. Locking plate fixation is set at its lowest value of 25% in relation to 

the proportion of complicated cases requiring secondary surgery. pHemicomplicationeedsop is the 

probability of complications after hemiarthroplasty needing surgery and 

pConservativecomplicationneedsop is the probability of a complication after conservative 

management needing surgery. 

5.3.1.2 Outcome probabilities based on expert consensus 

Uncertainty was tested on the basis that for each intervention the likelihood of improvement 

after secondary surgery ranged from 10% to 100%. Testing different ranges for locking plate 

fixation had no effect on the model. Hemiarthroplasty was the more cost effective 

intervention when different values of improvement after revision surgery were tested between 

the conservative management and hemiarthroplasty arms in the model (Figure 5.12). Such 

was the insensitivity to variation on these input parameters that if all patients who underwent 

secondary surgery in the conservative management group had a favourable outcome, 

hemiarthroplasty would still be more cost-effective intervention if only 40% of revision 

procedures had a favourable outcome. 



155 

 

Figure 5.12. Two-way sensitivity analysis comparing the variation in success rates after revision 

surgery for the hemiarthroplasty and non-operative interventions. pImproveafterRevisionHA is the 

probability of successful secondary surgery after hemiarthroplasty and pImproveafterrevisionCM is 

probability of successful secondary surgery after conservative management. 

5.3.1.3 Uncertainty in QALYs 

The model was highly sensitive to variation in QALYs for patients with an uncomplicated 

primary management. While hemiarthroplasty was found to be the most cost-effective 

intervention, below a 2-year QALY of 1.684, it was surpassed by conservative management 

(Figure 5.13). From the range of QALYSs derived within the existing literature, a minimum 

reported QALY of 1.682 from Olreud et al’s study30 underlines the uncertainty within the 

model based on QALYs for patients that were managed successfully. 
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Figure 5.13. One-way sensitivity analysis demonstrating a threshold value of 1.684 below which 

QALYs for patients with a successful outcome after hemiarthroplasty (eHemi), results in conservative 

management being the most cost effective intervention 

Despite the sensitivity of the model to QALY variation for hemiarthroplasty and conservative 

management values, evaluating the range of values for locking plate fixation had no effect on 

the outcome of the model. Hemiarthroplasty remained the most cost effective intervention 

when it was compared with locking plate fixation QALY values for patients with a successful 

outcome (Figure 5.14). 
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Figure 5.14. Three-way sensitivity analysis comparing range of values for QALYs obtained for 

patients that had a successful treatment outcome. Locking plate fixation (eIF) is compared with 

hemiarthroplasty (eHemi). Conservative management QALY is set at a minimum expected value of 

1.545. 

With regards to uncertainty based on QALYs derived for patients that had a complication 

after primary management, the model was sensitive to variation within the range of values for 

conservative management. Above a threshold of 1.09 QALYs for conservative management, 

the model would always favour conservative management as the most cost-effective 

intervention (Figure 5.15). Variation in locking plate fixation values had no effect on the 

model. 
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Figure 5.15. Three-way sensitivity analysis evaluating uncertainty based on QALYs derived for 

complications after primary management in each treatment arm. Locking plate fixation set a 

maximum value of 1.492. eConservativecomplication is the range of QALYs for patients with a 

complication after conservative management. eComplicationHA is the range of QALYs for patients 

with a complication after hemiarthroplasty. 

All QALYs derived using expert opinion were tested within the model and the range of 

expected values had no effect on the outcome of the overall model. When hypothetical values 

beyond the range of expected values were tested, the model also favoured hemiarthroplasty. 

In relation to successful treatment outcomes after revision surgery, provided the QALY for 

patients undergoing secondary surgery after complicated hemiarthroplasty was greater than 

1.32, hemiarthroplasty would always be the most cost effective treatment strategy (5.16.) 
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Figure 5.16. Three-way sensitivity analysis demonstrating the effect of hypothetical values for 

QALYs after successful secondary surgery for conservative management (eCMrevisionimprove) and 

hemiarthroplasty (eRevisionHA). Locking plate fixation is set at the highest possible outcome of 2. 

Similarly when evaluating hypothetical uncertainty in relation to QALYs for patients who 

had a complication after secondary surgery, hemiarthroplasty remained the most cost-

effective strategy provided that the 2-year QALY was above 0.8, even in the context of 

perfect health utilities for patients that were managed conservatively or by locking plate 

fixation (Figure 5.17). 
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Figure 5.17. Three-way sensitivity analysis demonstrating the effect of hypothetical values for 

QALY after complications following secondary surgery between hemiarthroplasty 

(eHArevisioncomplicatin) and conservative management (eCMrevisioncomplication). The QALY for 

locking plate fixation is set at 2 (the maximum possible value). 

5.3.1.4 Uncertainty in costing: consideration of institutional costs 

When institutional costs were applied to the model instead of costs based on the national 

tariff, conservative management was the most cost-effective treatment strategy (Figure 5.18). 

This was because the ICER for hemiarthroplasty was £23,274.19/QALY and the ICER for 

locking plate fixation was £42,345.04/QALY relative to conservative management. 
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Figure 5.18. Cost-effectiveness graph demonstrating that based on institutional treatment costs 

conservative management is the most cost effective strategy as locking plate fixation and 

hemiarthroplasty fall outside the WTP threshold of £20,000/QALY. 

Threshold analysis revealed that for hemiarthroplasty to be cost-effective for the hospital 

primary management would need to cost less than £3,924.49 (Figure 5.19) and for internal 

fixation to be cost-effective it would need to be less than £1,245.25 (Figure 5.20). 
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Figure 5.19. Threshold analysis demonstrating value at which hemiarthroplasty becomes a cost 

effective treatment strategy when institutional costing is used within the model. 

cHemiPrimarySurgery is the cost of the primary hemiarthroplasty procedure. 
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Figure 5.20. Threshold analysis demonstrating value at which locking plate fixation becomes a 

cost-effective treatment strategy within the model. cIFPrimarySurgery is the cost of a primary internal 

fixation procedure with a locking plate. 

5.3.1.5 Sensitivity analysis: summation of findings 

Based on the range of input parameters generated from a literature review and expert 

consensus, the model was sensitive to changes in primary management complication rate, 

QALYs following primary management and adjustment of the costing methodology to an 

institutional perspective. Hemiarthroplasty was displaced by conservative management as the 

most cost-effective intervention, if conditions within the models changed according to those 

parameters (Table 5.7).  
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Table 5.7. Summary of variation of input parameters on the decision analytical model. 

Parameter 

Intervention found to be most cost 

effective Parameter assumption 

Complication rate after 

primary management 

Hemiarthroplasty 
Complication rate for 

hemiarthroplasty ≤ 19% 

Conservative management 
Complication rate for 

hemiarthroplasty >19% 

Locking plate 

Hemiarthroplasty complication rate 

>22%, locking plate complication 

rate ≤ 25% 

Secondary surgery rate Hemiarthroplasty All 

Probability of improving after 

secondary surgery 

Hemiarthroplasty 

>30% of hemiarthroplasty patients 

undergoing secondary surgery have 

a successful outcome. 

Conservative Management 

≤30% of hemiarthroplasty patients 

undergoing secondary surgery have 

a successful outcome. 

QALY values for patients with 

a successful outcome after 

primary management 

Hemiarthroplasty  

QALY for hemiarthroplasty 

patients with a successful outcome 

≥ 1.684 

Conservative Management 

QALY for hemiarthroplasty 

patients with a successful outcome 

< 1.684 

QALY values for patients with 

an unsuccessful outcome after 

primary management 

Hemiarthroplasty 

QALY for hemiarthroplasty 

patients with an unsuccessful 

outcome ≥ 1.09 

Conservative management 

QALY for hemiarthroplasty 

patients with an unsuccessful 

outcome < 1.09 

QALY values for successful 

outcome after secondary 

surgery 

Hemiarthroplasty 
QALY for successful secondary 

surgery in hemiarthroplasty ≥ 1.32 

Conservative management 
QALY for successful secondary 

surgery in hemiarthroplasty < 1.32 

QALY values for complication 

after secondary surgery 

Hemiarthroplasty 

QALY value for complication after 

secondary surgery in 

hemiarthroplasty ≥ 0.8 

Conservative management 

QALY value for complication after 

secondary surgery in 

hemiarthroplasty <0.8 

Institutional costing 

perspective 
Conservative management 

Cost of hemiarthroplasty 

>£3,924.49 and cost of internal 

fixation >£1,245.25. 
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5.4 Discussion 

This health economic evaluation compared conservative management, locking plate fixation 

and hemiarthroplasty in the management of complex proximal humerus fractures within an 

elderly population. A decision-analytical model was built based primarily on the outcomes 

from RCTs, with some parameters derived from expert opinion. Within the existing literature 

there is limited economic research evaluating the management of complex proximal humerus 

fractures120 and an absence of any evidence that relates to cost-effectiveness for these injuries 

in the English NHS. Within a health service struggling to manage a £22 billion shortfall in 

funding264, health economic research amongst common musculoskeletal injuries like 

proximal humerus fractures provides an opportunity to understand the value of different 

treatment interventions and pursue effective clinical practice that is mindful of the scarcity of 

financial resources. 

In this decision analytical model, hemiarthroplasty was found to be the most cost effective 

treatment intervention for the management of 3 or 4 part proximal humerus fractures in 

elderly patients. The model was sensitive to variation amongst reported health utilities and 

complication rates. However, conservative management rather than locking plate fixation was 

the more cost-effective intervention when sensitivity analysis was performed using the full 

range of reported input parameters. Furthermore, when the evaluation was performed using 

institutional costing estimates, conservative management was the most cost effective 

treatment intervention. The existing treatment costs within the institution from which the 

estimates were obtained, would need to fall by approximately 17% for hemiarthroplasty and 

60% for locking plate fixation for the clinical benefits of each intervention to be deemed as 

cost-effective, relative to the WTP framework in the English NHS. 
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Clinical trials have shown hemiarthroplasty to be an effective treatment in the management of 

complex proximal humerus fractures30,252. Expert narrative supported by clinical evidence 

have highlighted that complication rates for head preserving procedures are very high and 

this is reflected within the literature review that informed this study265. Avascular necrosis 

and metal work failure amongst the population included in within this economic analysis (See 

Appendix 4) were major contributors to a reported complication rate that was twice as high 

for locking plate fixation compared to hemiarthroplasty. Although the secondary surgery 

rates for patients with a complication after hemiarthroplasty were almost double the 

secondary surgery rates after a complication following locking plate fixation, the mean 

secondary surgery rate for the entire cohort of patients was 6% less in the hemiarthroplasty 

group. In addition, the health utilities reported amongst the studies that informed this decision 

analytical model favoured surgical management over conservative management. Health 

utility scores were higher amongst patients that underwent hemiarthroplasty compared to 

locking plate fixation and the aggregated disutilities brought about by an increased 

complication rate are likely to have contributed to an ICER for locking plate fixation that 

exceeded the threshold WTP value (£20,000/QALY.) 

The sensitivity of the model to conservative management when input variables were modified 

was driven by its cost. The cost of conservative management is substantially smaller than that 

of surgical treatment. Staffing costs of the operating theatre, implant procurement costs and 

bed costs are absent within this group of patients. When patients undergoing non-operative 

management are admitted to hospital, it is normally due to concomitant medical illness or 

social care needs18. Such admissions would attract a separate reimbursement and as such 

these costs were excluded from our analysis. As a result of conservative management being 

substantially less costly, sensitivity analysis that adopted improved outcome probabilities or 

health utilities resulted in the model showing it to be the most cost-effective intervention. 
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This finding underlines the need for surgical intervention to offer a clear benefit over 

conservative treatment. However, the broad range of reported complication rates and health 

utilities for each intervention does confound the benefits of each intervention. Fjalestad et 

al148 reported that approximately 70% of patients that underwent a locking plate fixation had 

a complication, whilst this figure was only 33% in Olreud et al’s RCT69. It is possible that 

inter-study variability regarding what constitutes a complication results in such disparate 

outcomes. A possible route to overcoming this limitation within existing research could be a 

consensus definition for core outcomes and complications. This approach has already been 

adopted for hip fracture research156. A further observation of the included studies was that 

originated from a single centre. The external validity of such research can be restricted by 

local performance bias153 and national registry data may provide outcome data that has more 

validity. 

The findings of this study have generalizability across the English NHS. While institutional 

treatment costs and national reimbursement vary substantially within the service117,118 a 

determination of what constitutes an appropriate costing perspective is needed. The use of 

both perspectives in this study informs decision making at a national and local level. It also 

draws attention to how the results of cost-effectiveness research in the English NHS can vary 

based on these different perspectives. The national costing perspective found 

hemiarthroplasty to be the most cost effective intervention, whilst feeding institutional 

treatment costs estimates into the model resulted in conservative management being the most 

cost effective approach. The purchaser-provider divide within the health service possibly 

makes the national tariff more relevant in relation to resource allocation based around a 

central NHS budget, however it masks the true costs of treatment. These costs feed into the 

growing institutional deficit that inevitably has an effect on the financial stability of the NHS 

as a whole266. The limitation of incorporating institutional treatment costs into health 
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economic analysis, is that treatment costs can vary significantly between hospitals, and 

therefore the generalizability of such research is limited. However, the results of our analysis 

performed using institutional costs are of interest because they underline the importance of 

capturing treatment costs and measuring patient outcomes. Although hemiarthroplasty would 

need to be 17% cheaper to be the most cost-effective intervention at the hospital where 

institutional treatment costs were obtained, these costs could be brought down dramatically 

by improving operating department efficiency and volume based discounting of implant 

procurement. Furthermore if local audit or registry data demonstrates patient outcomes that 

are more favourable than those reported in the literature, this could increase the cost threshold 

at which the clinical benefits of each surgical procedure are deemed to be cost-effective. 

5.4.1 Limitations 

There are inherent limitations to most health economic analysis because variability in costs 

and outcomes often make individual clinical cases distinct from the assumptions on which the 

model is based267. There are four main limitations to this analysis. Firstly, the outcomes were 

determined from a small group of clinical trials. In addition, as all these trials were single-

centre studies, their external validity can be challenged. However, these RCTs represent the 

highest level of evidence within this field and the full range of reported outcomes were 

subjected to sensitivity analysis. Furthermore, the reported threshold values that affect the 

stability of the model provide a subtext that informs choice of treatment where individual 

surgical or departmental performance is known to differ from that reported in the literature. 

Secondly, a societal perspective was not adopted in this study. Such a perspective that 

considers primary and social care costs, is viewed to carry more weight for national health 

policy268, however there was an absence of any such costing data in the evidence-based 

literature and therefore this analysis was based on a more restrictive perspective. This 

perspective was clearly defined in the methodology and despite its limitations it accounts for 
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approximately 75% of health economic research on hip fractures269 and 25% of health 

economic research on shoulder injuries195. Thirdly, because this was not a health economic 

evaluation run in parallel with an RCT, primary data was not available to evaluate the effect 

of clinical heterogeneity on cost effectiveness by means of sub-group analysis. The 

availability of registry data that characterises patient groups and fracture morphology offers 

the potential to evaluate cost and effectiveness based on parameters that have more 

applicability in a clinical setting. Finally, the limitation in available trials that reported health 

utilities meant that health utilities derived from different health utility instruments were 

combined to generate outcomes. Three trials used the EQ-5D instrument270 and 1 trial used 

the 15-D instrument271. Mapping between different health utilities in upper limb orthopaedics 

has not yet been performed and therefore there is likely to have been some variation between 

the two instruments. The sensitivity analysis that was performed covered a wide range of 

values and any uncertainty that resulted from very small changes in health utilities may be 

secondary to the small differences in discriminative capacity and responsiveness of both 

instruments272. 

5.4.2 Conclusion 

This health economic evaluation performed using decision analytical methodology compared 

conservative management, locking plate fixation and hemiarthroplasty in the management of 

complex proximal humerus fractures in elderly patients. Within the setting of the English 

NHS and based on national tariff pricing, hemiarthroplasty is the most cost effective 

treatment intervention. The findings of this study are limited by the small number of trials 

that informed the analysis, and the uncertainty within the economic model demonstrated by 

the sensitivity analysis performed. A national registry of patient outcomes for proximal 

humerus fractures and future RCTs on more complex proximal humerus fractures would help 

develop clinical and economic research in this field further. 
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Chapter 6 

Cost effectiveness analysis of different management options for complex 

proximal humerus fractures: a 20-year time horizon based on Markov 

decision analysis 

6.1 Introduction 

In chapter 5, the cost-effectiveness for treatment interventions in the management of complex 

proximal humerus fractures in elderly patients was explored. The decision-tree analysis that 

was performed was limited to a 2-year time horizon. Within the specified population, an 

evaluation that includes the health effects of advancing age and life expectancy, adds value to 

the conclusions of cost-effectiveness research273,274. Markov chain modelling (MCM) is a 

form of decision analytical modelling that enables such evaluations to be performed in health 

economic research77. 

Andrey Markov was a Russian mathematician who developed and gave his name to this 

domain of probability theory in the early 20th century 275. Interestingly, Markov’s first 

application of this process, in 1913, was an attempt to use mathematics to better understand 

the poetry of Alexander Pushkin275. Although the findings of this study yielded little in 

relation to understanding Pushkin’s poems, the methodology that was employed has evolved 

into modern-day MCM275. In decision analytical modelling in health economics, Markov 

chain analysis adopts the assumption that at any point in time, all patients occupy a set of 

finite health states. Patients make transitions between health states at the end of a predefined 

time interval and the probability of entering different health states is based on transitional 

probabilities. These transitional probabilities reflect the effect of time on changing health 

states, but are also important because they can accommodate for expected age related 

mortality110,276. The costs and health outcomes of different interventions are aggregated at 

each cycle, as pay-offs are at the end of a decision-tree, and when the last cycle terminates, 
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the incremental cost effectiveness ratio (ICER) is calculated between treatment interventions 

to determine which treatment is most cost-effective in relation to the established willingness 

to pay (WTP) threshold. 

Markov chains in decision analytical models are commonly adopted in health economic 

evaluations across a range of clinical specialties277. In orthopaedic policy within the United 

Kingdom (UK), Markov models have been used to inform national health technology 

assessments for hip replacement surgery278,279. Its applications have also been found to be 

useful in health economic research in upper limb orthopaedics259,280, however to-date there is 

no published cost-effectiveness research on proximal humerus fractures where MCM has 

been adopted. Both of the published health economic evaluations that have investigated 

treatment interventions for proximal humerus fractures were performed in parallel to 

randomised controlled trials (RCTs) 11,120. The applicability of the Proximal Fractures of the 

Humerus: Evaluation by Randomisation (ProFHER) trial11 to complex fractures is limited 

because almost half of the included patient population had a 2-part fracture. Similarly 

Fjalestad et al’s study120 was based on a Norwegian health-service model of care, and 

therefore has limited external validity in relation to the UK and the National Health Service 

(NHS). Although the decision-tree model constructed in Chapter 5 integrated evidence and 

expert opinion to provide recommendations based on the English NHS, a 2-year time horizon 

does not inform the understanding of long-term cost-effectiveness between treatment options. 

MCM enables extrapolation of costs and health effects beyond the 1 or 2 years outcomes 

reported in most RCTs, and therefore is an important analytical tool to inform wider health 

economic policy273,281. This is particularly relevant for patients with a proximal humerus 

fractures because epidemiological research underlines that this injury occurs predominantly 

in patients over the age of 65 years, and age-related mortality can be accelerated 7,282. 
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The aim of this chapter is to perform a health economic evaluation (HEE) using a MCM to 

determine the most cost-effective treatment intervention for complex proximal humerus 

fractures in an elderly population over a 20-year time horizon. 

6.2 Methods 

This HEE was performed according to Consolidated Health Economic Evaluation Reporting 

Standards (CHEERS)283. 

6.2.1 Study design 

The target population included in this study was elderly patients with a complex proximal 

humerus fracture. Elderly patients were defined as patients at or above the age of 65 years. 

Although frailty measures are increasingly viewed to be a more clinically applicable method 

for defining elderly age, their use is limited in existing orthopaedic literature, and most 

studies adopt chronological measures and define elderly patients as those who are at or above 

65 years old133. Complex proximal fractures fractures were defined as type 3 or 4 based on 

the Neer Classification System6. 

The setting and perspectives adopted in this HEE were identical to those used in the decision-

tree analysis performed in Chapter 5. An NHS-payer perspective was adopted within the 

English NHS. The English NHS is distinct from health services in Scotland, Wales and 

Northern Ireland284. Hospitals are reimbursed for surgical treatment by Clinical 

Commissioning Groups (CCGs) that are independent from the hospitals in the context of 

leadership and governance. Reimbursements for individual treatments are based on national 

tariffs allocated to treatment specific Healthcare Resource Groups (HRGs)214. Individual 

HRGs commonly include a case mix of procedures. In the case of proximal humerus 

fractures, the same HRG is used to reimburse surgical management with either a locking 

plate or a hemiarthroplasty implant. National Institute for Health and Clinical Excellence 



173 

(NICE) guidance recommends use of the tariff in health technology assessments, as this 

costing perspective has more external validity248, especially because treatment costs can vary 

greatly between healthcare institutions255. There are limitations to this methodology 

especially if true treatment costs vary and they are represented by the same HRG. As a result 

a secondary perspective using estimates of institutional cost acquired from the micro-costing 

study performed in Chapter 3, formed part of the sensitivity analysis. 

The evidence-based literature was systematically reviewed to identify RCTs that reported on 

clinical outcomes and health utilities for management strategies in patients with a proximal 

humerus fracture. On the basis of existing Level I evidence; conservative management, 

internal fixation with a locking plate and hemiarthroplasty were the interventions included 

within this HEE. The time horizon in this study was selected to base the analysis on an 

expected life expectancy of an elderly patient with a proximal humerus fracture. The current 

World Bank estimate for life expectancy in the United Kingdom is 81 years of age285. As 

such, a 20-year time horizon was viewed to be representative for cost-effectiveness research 

conducted along the expected life-horizon of the patient population in this HEE. Discounting 

principles that are recommended in health economic research283 were employed for both costs 

and health outcomes within the analysis. Future costs and health outcomes were discounted at 

3.5% a year based on NICE guidance for discounting principles in cost-effectiveness 

research248. 

The model structure was based on patients in each intervention group existing in one of 6 

health states. The ‘well state’ represented patients that had undergone primary management 

with an uncomplicated outcome. The ‘complication state’ included patients who had 

undergone primary management and suffered a complication. The ‘revision state’ included 

patients that had suffered a complication and then gone on to have secondary surgery, the 
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‘revision well state’ included patients that had a successful outcome after secondary surgery 

and the ‘revision-complication state’ included patients that had a complication after 

secondary surgery. A ‘dead state’ related to death occurring based on age specific mortality. 

Patients could transition between the different health states at the end of each Markov cycle, 

which represented a 2-year time period (Figure 6.1). Along with the allocation of finite 

health states, another key assumption within this model was that only one secondary surgery 

would be performed after a complication. 

 

Figure 6.1. Markov transition state diagram showing possible outcomes for patients undergoing 

conservative management. The transition states are identical for locking plate fixation and 

hemiarthroplasty. 

6.2.2 Model Inputs 

6.2.2.1 Outcome probabilities 

Outcome probabilities were based on the same 5 RCTs that informed the decision-tree model 

performed in Chapter 4 30,69,148,232,252 (Table 6.1). 
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Table 6.1. Characteristics of 5 studies used to determine outcome probabilities used in Markov 

chain model. 

Author (Year) Country 

Sample 

size 

Mean 

age 

Treatment 

strategies 

Fracture type 

(Neer classification) 

Health utilities 

reported 

Cai et al. (2012)  China 32 71.9 
Hemiarthroplasty 

Locking plate 
4 part Yes 

Fjalestad et al. 

(2012)  
Norway 50 72.56 

Locking plate 

Non-operative 

3 part (52%) 

4 part (48%) 
Yes 

Olreud et al. 

(2011)  
Sweden 55 76.65 

Hemiarthroplasty 

Locking plate 
4 part Yes 

Olreud et al. 

(2011)  
Sweden 60 73.9 

Locking plate 

Non-operative 
3 part Yes 

Sebastiá-Forcada 

et al (2014)  
Spain 62 - 

Hemiarthroplasty 

Reverse 

arthroplasty 

4 part (83.9%) 

3 part (16.1%) 
No 

 

The probability values for outcomes were reported at 2-year follow up for the included RCTs. 

The MCM that was constructed in this analysis was based on a 20 year time horizon and 

therefore further input parameters were required to inform the transitional probabilities after 

each cycle. Within the existing literature there is an absence of research that reports on 

outcome over such an extensive period of time. A small number of case series have been 

published that report that there is an attrition in complications or functional decline after 1 or 

2 years190,213,286. This was also the experience of the orthopaedic upper limb specialists who 

contributed to this analysis (Peter Reilly and Dylan Griffiths), and therefore a further 

assumption that was integrated into the MCM was that transitional probabilities for 

complications would fall over the course of the 20-year life horizon. Based on the fact that all 

5 RCTs that informed this analysis reported 2-year outcomes, a 2-year cycle was used within 

the MCM to reduce the number of assumptions and extrapolation from existing data within 

the field. To reflect substantial decline in complication rates over time, after each 2-year 

cycle, formulae was introduced into the MCM to decrementally reduce the complication rates 

by 25% (Table 6.2). 
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Table 6.2. Transitional probabilities for complication rates after primary management for each 

intervention. Each Markov cycle represents a 2-year time period. 

Cycle Number 

Conservative 

Management Hemiarthroplasty Internal Fixation 

Probability of a complication after primary management 

1 0.410 0.194 0.446 

2 0.103 0.049 0.112 

3 0.026 0.012 0.028 

4 0.006 0.003 0.007 

5 0.002 0.001 0.002 

6 0.000 0.000 0.000 

7 0.000 0.000 0.000 

8 0.000 0.000 0.000 

9 0.000 0.000 0.000 

10 0.000 0.000 0.000 

 

With regards to the probability of needing secondary surgery, transitional probabilities were 

not assigned to the MCM. There is no existing literature that reports on timing of 

complications influencing a decision to offer secondary management. Expert opinion from 

the authorship also viewed static probabilities to be more appropriate. These probabilities 

were calculated from the cumulative number of secondary surgeries performed that were 

reported within the 5 RCTs (Table 6.3). 
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Table 6.3. Summary of model input values for complications requiring secondary surgery 

 

Total 

complications 

Total number 

of secondary 

operations 

Probability of 

complication requiring 

secondary surgery 

Probability range for 

complications requiring 

secondary surgery 

Locking Plate 29 16 0.551 0.25 - 1 

Hemiarthroplasty 14 13 0.928 0.889 – 1 

Conservative 32 3 0.094 0.0625-0.167 

 

Static probabilities were also assigned to outcomes after secondary surgery. Using the assumptions 

adopted in Chapter 4, the outcomes were based on a small number of Level IV studies190,253,254 and 

the expert opinion of this study’s authorship; it was assumed that half of patients would experience 

a complication after a secondary surgical procedure was performed within the MCM. 

Life tables from the UK’s Office of National Statistics were used to inform the age-related 

mortality within the MCM287 (Table 6.4). 

Table 6.4. Life tables used in MCM. Each cycle is 2 years and ends at the age shown in the table. 

The probability of death represents the risk of death before the next cycle starts and is based on data 

from the Office of National Statistics in the UK287. 

Age Probability of death 

66 0.0137 

68 0.0164 

70 0.0209 

72 0.0259 

74 0.0309 

76 0.0372 

78 0.047 

80 0.0587 

82 0.0757 

84 0.0946 

 

Although a number of studies demonstrate increased long-term mortality rates for patients 

with a proximal humerus fractures7,288,289, no research to date has found variation in mortality 
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rate according to the management the patient received. Therefore uniform mortality rates 

were adopted between the treatment interventions in the MCM. However, a secondary 

evaluation formed part of the sensitivity analysis, where risk of death was increased 5-fold 

per Markov cycle. The authorship viewed this increase in mortality rate to reflect 1-year 

mortality rates of approximately 10%15,36 reported within the literature. The purpose of this 

secondary analysis was to determine whether the ICER of the more costly interventions 

(internal fixation and hemiarthroplasty) would exceed the WTP as Quality Adjusted Life 

Years (QALYs) fall with life expectancy. 

6.2.2.2 Costs 

The costing values employed within this analysis were based on the 2014-2015 national 

tariffs set by the Department of Health (DoH) in the English NHS214. As discussed in Chapter 

5, these costing parameters make the analysis generalizable across the English NHS. 

However, they lack the accuracy of micro-costing estimates which paradoxically have poor 

external validity because of variation in treatment costs between hospitals255. The micro-

costing estimates which were derived from the costing study performed in Chapter 4, formed 

part of the sensitivity analysis conducted within this HEE. 

The ‘revision states’ within the Markov model included a number of different secondary 

surgical procedures which attracted a wide range of tariffs. In order to accommodate the 

different treatment costs to a single ‘revision state’ cost, a mean cost was calculated which 

was weighed on the proportions of the different secondary procedures reported amongst the 5 

RCTs. 

Costing for conservative management was based on outpatient ambulatory care. All patients 

were given 6 outpatient clinic appointments following primary or secondary management. 

Physiotherapy costs were excluded as these are based on locally negotiated block contracts 
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and therefore have poor applicability across the English NHS. The cost parameters used in 

this analysis are shown in Table 6.5. These values exclude Market Force Factors (MFF). The 

micro-costing estimates used to perform sensitivity analysis based on an institutional costing 

perspective, are included in Appendix 5. 

Table 6.5. Input parameters for cost based on national tariff. The ‘revision state’ costs are 

calculated based on a weighed-mean of the different secondary procedures performed in the 5 RCTs 

used to inform this HEE. 

Unit HRG Reference Code Description Cost (£) 

Primary management options 

Primary locking plate 

procedure 
HA61C 

Major Shoulder and Upper Arm 

Procedures for Trauma without CC 
3413 

Primary hemiarthroplasty 

procedure 
HA61C 

Major Shoulder and Upper Arm 

Procedures for Trauma without CC 
3413 

Post procedure first clinic 

follow up appointments 
WF01B 

First Attendance - Single 

Professional 
119 

Subsequent clinic follow up 

appointments 
WF01A 

Follow Up Attendance - Single 

Professional 
70 

Secondary surgery after conservative management (3 cases) 

Locking plate fixation for 

acute displacement of 

conservatively managed 

fracture (1 case) 

HA61C 
Major Shoulder and Upper Arm 

Procedures for Trauma without CC 
3413 

Hemiarthoplasty for acute 

displacement of conservatively 

managed fracture (1 case) 

HA61C  3413 

Sub-acromial decompression 

for impingement after 

conservatively managed 

fracture (1 case) 

HB63Z 
Minor Shoulder and Upper Arm 

Procedures for Non-Trauma 
1028 

Weighed mean cost for conservative management ‘revision state’ 3047 

Secondary surgery after Hemiarthroplasty (13 cases) 

Revision of hemiarthroplasty 

to other hemiarthroplasty  

(2 cases) 

HB61B 

Major Shoulder and Upper Arm 

Procedures for Non-Trauma with 

CC 

5490 

Wound revision of infected 

hemiarthroplasty or locking 

plate (1 case) 

HB62B 

Intermediate Shoulder and Upper 

Arm Procedures for Non-Trauma 

with CC 

3136 

Intra-operative 

hemiarthroplasty fracture 
HA61B 

Major Shoulder and Upper Arm 

Procedures for Trauma without CC 
4330 
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Unit HRG Reference Code Description Cost (£) 

treated with cerclage wire  

(1 case) 

Manipulation under 

anaesthesia of stiff 

hemiarthroplasty (1 case) 

 
Minor Shoulder and Upper Arm 

Procedures for Non-Trauma 
1028 

Revision of hemiarthroplasty to 

reverse arthroplasty (6 cases) 
HB61B 

Major Shoulder and Upper Arm 

Procedures for Non-Trauma with 

CC 

5490 

Acromioplasty and release of 

adhesions after 

hemiarthroplasty (1 case) 

HB62B 

Intermediate Shoulder and Upper 

Arm Procedures for Non-Trauma 

with CC 

3136 

Fixation of tuberosity after 

hemiarthroplasty (1 case) 
HB62B 

Intermediate Shoulder and Upper 

Arm Procedures for Non-Trauma 

with CC 

3136 

Weighed mean cost for hemiarthroplasty ‘revision state’ 4743 

Secondary surgery after locking plate fixation (16 cases) 

Re-plating for locking plate 

procedure 
HB61B 

Major Shoulder and Upper Arm 

Procedures for Non-Trauma with 

CC 

5490 

Removal of locking plate HB62B 

Intermediate Shoulder and Upper 

Arm Procedures for Non-Trauma 

with CC 

3136 

Revision of infected locking 

plate  
HB61B 

Major Shoulder and Upper Arm 

Procedures for Non-Trauma with 

CC 

5490 

Revision of locking plate to 

hemiarthroplasty 
HB61B 

Major Shoulder and Upper Arm 

Procedures for Non-Trauma with 

CC 

5490 

Wound revision of infected 

hemiarthroplasty or locking 

plate 

HB62B 

Intermediate Shoulder and Upper 

Arm Procedures for Non-Trauma 

with CC 

3136 

Weighed mean cost for locking plate fixation ‘ revision state’ 4187 

 

6.2.2.3 Health Utilities and QALYs 

QALYs were the measure of clinical effectiveness used in this HEE. The QALYs used in this 

analysis were identical to those used in Chapter 5; 2 year health utilities derived from 4 

RCTs30,69,148,252 were converted into QALYs using and Area Under the Curve (AUC) 

methodology256. The existing literature on proximal humerus fractures does not distinguish 

health utilities of patients with a successful outcome from those who suffered a complication. 
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Furthermore there is no research reporting on the health utilities of patients undergoing 

secondary surgery. The methodology used to obtain surrogate values for this HEE and the 

assumptions they were based on are detailed in the methodology of the decision-tree analysis 

performed in Chapter 5. A summary of these values that were used in this analysis is 

presented in Table 6.6. 

Table 6.6. Summary of input parameters for QALYs in health economic model 

QALY Description 

QALY Value 

Base Case Low High 

Well state after conservative management  1.605 1.545 1.719 

Well state after locking plate fixation 1.704 1.647 1.756 

Well state after hemiarthroplasty 1.713 1.682 1.744 

Complication state after conservative management 1.029 0.76 1.486 

Complication state after locking plate fixation 1.165 0.958 1.492 

Complication state after hemiarthroplasty 1.165 1.154 1.175 

Conservative management revision-well state 1.317 1.196 1.603 

Locking plate fixation revision-well state 1.434 1.333 1.624 

Hemiarthroplasty revision well state 1.439 1.418 1.460 

Conservative management revision-complication state  0.658 0.486 0.951 

Locking plate fixation revision-complication state 0.792 0.651 1.014 

Hemiarthroplasty revision-complication state 0.792 0.785 0.799 

 

6.2.3 Cost Utility Statistical Analysis 

The cost and QALY input parameters derived from a systematic review of the literature and 

expert consensus, were used to inform the MCM constructed in this model. The complete 

Markov tree is included in Appendix 5 each of the three main branches is based on the 

transition state diagram shown in Figure 1. Discounting principles were adapted to 

accommodate for a 2-year time horizon. 1 year of discounting outcomes at 3.5% translates to 

2-year practices of 6.9% and this was the value used for discounting within the model. The 
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analysis was based on a WTP threshold of £20,000/QALY, which is the recommendation for 

healthcare technologies in the UK by NICE248. A treatment is viewed to be cost effective if it 

is less costly and more clinically effective. For treatments that are more costly but result in 

improved clinical effectiveness, they are viewed to be cost effective if they fall under the 

WTP threshold. The cost-effectiveness output that is used to measure cost and clinical 

effectiveness between interventions is the ICER. Sensitivity analysis was performed using 

Net Monetary Benefit (NMB). The formulae for ICER and NMB are detailed in Chapter 5. 

The analysis was performed within Treeage Pro; graphical and text ranking tables were 

produced to support the results of the cost-effectiveness analysis. 

6.2.4 Sensitivity Analysis 

Multi-way sensitivity analysis was performed to evaluate uncertainty within this MCM. 

Uncertainty in relation to cost was calculated by performing a secondary analysis using 

institutional estimates of treatment cost (summary values presented in Appendix 5). 

Uncertainty in the context of clinical outcomes was tested by performing sensitivity analysis 

based on the full range of clinical outcome probabilities reported in the literature. This was 

also performed for health utility values across all treatment strategies and for all health states 

in the MCM. Finally, the cost-effectiveness analysis was repeated with life table mortality 

rates inflated 5-fold, to determine whether an increased mortality rate amongst elderly 

patients with a proximal humerus fracture would affect the overall study findings. 

6.3 Results 

Within this HEE which was performed using a MCM, hemiarthroplasty was found to be the 

most cost-effective treatment strategy in the English NHS for the management of 3 or 4-part 

proximal humerus fractures in elderly patients over a 20 year time-horizon (Figure 6.2). This 

finding was based on an incremental cost of £4,379.88 per QALY for hemiarthroplasty 
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relative to conservative management, compared with an incremental cost of locking plate 

fixation relative to conservative management of £63,734.58 per QALY (Table 6.7). 

 

Figure 6.2. Cost-effectiveness graph illustrating how hemiarthroplasty lies within the WTP 

threshold and has a higher effectiveness and cost than conservative management, and a higher 

effectiveness and higher cost than internal fixation with a locking plate. 

Table 6.7. Summary of outputs generated from cost-effectiveness analysis performed on the 

MCM. 

Strategy Cost, £ 

Incremental 

Cost, £ 

Effect, 

QALYs 

Incremental 

Effect, QALYs 

ICER, £/QALY 

gained NMB 

Conservative 

management 
682.80 - 9.94 - - 198,037.97 

Hemiarthroplasty 6250.15 5567.34 11.21 1.27 4,379.88 217,892.98 

Internal Fixation 5763.95 5081.14 10.02 0.08 63,734.58 194,551.29 
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6.3.1 Sensitivity analysis 

6.3.1.1 Outcome probabilities 

3-way sensitivity analysis that examined the reported range of complication rates after 

primary management demonstrated that the MCM calculated hemiarthroplasty to be the most 

cost-effective intervention across the majority of probable model scenarios. At the base-rate 

probability for complication after conservative management (0.41), hemiarthroplasty was the 

most cost-effective strategy across the range of complication rates reported for conservative 

management and hemiarthroplasty (Figure 6.3). At the lowest reported complication rate for 

locking plate fixation (0.25), hemiarthroplasty was more cost effective than locking plate 

fixation provided that its own complication rate for hemiarthroplasty was below 24% (Figure 

6.4). 

 

Figure 6.3. Three-way sensitivity analysis graph illustrating that hemiarthroplasty is the most cost-

effective treatment strategy based on the cumulative complication rates reported in the included studies 

for conservative management and hemiarthroplasty. The complication rate in this graph for locking 

plate fixation is set at the mean reported value (base case) of 0.446. The axes in this graph represent the 

numerator over the base case value for the complication rate after conservative management 

(pCMcomplication) and the numerator over the base case value for the complication rate after 

hemiarthroplasty (pHAcomplication). These values are transitional at each stage in the Markov cycle. 
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Figure 6.4. Three-way sensitivity analysis graph illustrating that hemiarthroplasty is the most cost-

effective treatment provided that its complication risk is 1.25 fold its base case value in the MCM with the 

complication rate of locking plate fixation approximately half (0.561) the base case value for locking plate 

fixation in the MCM. The axes in this graph represent the numerator over the base case value for the 

complication rate after conservative management (pCMcomplication) and the numerator over the base case 

value for the complication rate after hemiarthroplasty (pHAcomplication). These values are transitional at 

each stage in the Markov cycle. 

The model was not sensitive to uncertainty introduced in relation to the probability ranges 

reported for patients needing secondary surgery, after a complication had occurred (Figure 

6.5). Hemiarthroplasty remained the most cost-effective intervention, even if all patients that 

had a complication after hemiarthroplasty had occurred required secondary surgery and the 

secondary surgery probabilities for conservative management and locking plate fixation were 

at the minimum reported values (0.0625 and 0.25 respectively). Extrapolation beyond the 

reported values also found that secondary surgery probabilities had no effect on the model. 

Even if all patients that had a complication after hemiarthroplasty required secondary surgery 

and only 10% of patients with a complication after locking plate fixation required secondary 

surgery, hemiarthroplasty remained the most cost-effective treatment strategy. 
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The probability of a complication after secondary surgery that was adopted for this analysis 

was 0.5 and was based on the expert opinion of the study’s authorship as well as the reporting 

of a small number of retrospective studies. Multi-way sensitivity analysis demonstrated that 

across all permutations input into the MCM for this outcome, hemiarthroplasty remained the 

most cost-effective treatment strategy (Figure 6.6). 

 

Figure 6.5. Three-way sensitivity analysis demonstrating that hemiarthroplasty remains the most 

cost effective intervention across full range of secondary surgery rates (locking plate fixation set at 

minimum value of 0.25). pCMComplicationneeds surgery is secondary surgery probability after 

conservative management. PHAcomplication needs surgery is secondary surgery probability after 

hemiarthroplasty. 
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Figure 6.6. Three-way sensitivity analysis that demonstrates that across a wide range of 

probability outcomes for a complication after secondary surgery hemiarthroplasty remains the most 

cost effective treatment strategy. Locking plate fixation complication rate after secondary surgery is 

set at 10%. pCMComplicationneeds surgery is secondary surgery probability after conservative 

management. PHAcomplication needs surgery is secondary surgery probability after 

hemiarthroplasty. 

6.3.1.2 Uncertainty in QALYs 

The MCM was not sensitive to the full range of reported health utilities within the existing 

literature, for patients with a successful outcome after primary management. Hemiarthroplasty 

remained the most cost effective treatment strategy when 3-way sensitivity analysis was 

performed using the QALYs derived from these health utilities. When QALYs for patients with 

a successful outcome were extrapolated beyond the pre-determined range, provided the 2-year 

QALYs for the hemiarthroplasty ‘well-state’ were above 1.53, it was the most cost-effective 

treatment unless the QALY for the conservative management ‘well state’ was above 1.63. 

Beyond this threshold there was a linear relationship between the two values (Figure 6.7). 
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Figure 6.7. Three-way sensitivity analysis demonstrating effect of uncertainty in relation to ‘well 

state’ QALYs. QALY for locking plate fixation set at 1.8. eCMwell is the QALY input parameter for 

patients in the ‘well state’ after conservative management. eHAwell is the QALY input parameter for 

patients in the ‘well state’ after hemiarthroplasty. 

Multi-way sensitivity analysis performed on QALY values applied for patients who had 

suffered a complication also revealed that the model favoured hemiarthroplasty with the 

exception of the scenario that the QALY for patients with a complication had QALY of 

greater than 1.39 after conservative management (Figure 6.8). Further analysis on health 

states after revision surgery found that hemiarthroplasty would always be the most cost-

effective intervention provided that the 2-year QALY after a successful secondary surgery 

was greater than 0.3 (Figure 6.9). The model also favoured hemiarthroplasty if the 

complication state after secondary surgery had a 2-year QALY value of greater than 0.3 

(Figure 6.10). 
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Figure 6.8. Three-way sensitivity analysis demonstrating effect of QALY values following a 

complication on the model. Internal fixation is set at a maximum QALY value of 1.486. 

eCMcomplication is QALY value for patients with a complication after conservative management. 

eHAcomplication is QALY value for patients with a complication after hemiarthroplasty. 
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Figure 6.9. Three-way sensitivity analysis demonstrating the effect of adjusting QALY values for 

patients that have a successful outcome after secondary surgery. The locking plate fixation QALY is 

set at 1.5. eCMrevisionwellstate is the 2-year QALY for patients with a successful outcome after 

secondary surgery in the conservative management group. eHArevisionwellstate is the 2-year QALY 

for patients with a successful outcome after secondary surgery in the hemiarthroplasty group. 
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Figure 6.10. Three-way sensitivity analysis demonstrating the effect of changing the 2-year QALY 

values for patients who have suffered a complication after secondary surgery. The QALY input for 

locking plate fixation patients with a complication after secondary surgery is set at 1.5. 

eCMrevisioncomplication state is the QALY value for patients with a complication after secondary 

surgery in the conservative management group. eHAcomplicationrevisionstate is the QALY value for 

patients with a complication after secondary surgery in the hemiarthroplasty group. 

6.3.1.3 Adjustment of age-specific mortality 

Repeating the analysis with increased age-specific mortality yielded the same overall result; 

hemiarthroplasty was the most cost-effective treatment strategy (Figure 6.11). The main 

difference in the quantitative analysis was that the incremental cost of internal fixation fell 

more for the locking plate fixation group and their incremental effectiveness increased 

marginally compared to the base line analysis. While the incremental cost of hemiarthroplasty 

also fell, the incremental effectiveness was lower than that calculated in the baseline analysis. 

Despite this finding the ICER for hemiarthroplasty fell within the WTP threshold and this was 

not the case for locking plate fixation (Table 6.8). 
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Figure 6.11. Cost-effectiveness graph showing that hemiarthroplasty is the most cost effective 

intervention after adjusting age-specific mortality in MCM. 
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Table 6.8. Summary outputs generated from MCM analysis performed with increased age-

specific mortality. 

Strategy Cost, £ 

Incremental 

Cost, £ 

Effect, 

QALYs 

Incremental 

Effect, QALYs 

ICER, £/QALY 

gained NMB 

Conservative 

management 
604.96 - 7.28 - - 144919.78 

Internal Fixation 5349.92 4744.96 7.4 0.12 39024.12 142606.63 

Hemiarthroplasty 5435.48 4830.52 8.2 0.92 5246.33 158504.13 

 

6.3.1.4 Uncertainty in relation to cost 

One-way sensitivity analysis performed to determine the effects of cost adjustment for 

hemiarthroplasty and locking plate fixation revealed that the MCM favoured 

hemiarthroplasty. The cost of a primary hemiarthroplasty for a complex proximal humerus 

fracture could rise to £16,833.91 before its ICER climbed above the WTP threshold and 

conservative management became the most cost-effective treatment (Figure 6.12). 

Furthermore, extrapolation of the cost of primary locking plate fixation to £1 still resulted in 

hemiarthroplasty being the most cost effective treatment strategy in the MCM (Figure 6.13). 



194 

 

Figure 6.12. One-way sensitivity analysis demonstrating adjustment of cost of hemiarthroplasty as 

a primary treatment strategy. At a cost of £16,833.91 hemiarthroplasty becomes less cost-effective 

than conservative management. cHAprimarysurgery is the cost of hemiarthroplasty in £. 
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Figure 6.13. One-way sensitivity analysis demonstrating that adjustment of locking plate fixation 

cost to £1 results in hemiarthroplasty continuing to be the most cost effective treatment strategy. 

cIFstatewell is the cost of performing a primary locking plate fixation for a complex proximal 

humerus fracture. 

Using institutional estimates of treatment cost adopted from the cost-analysis study 

performed in Chapter 4, the cost-effectiveness analysis was repeated in the MCM. The results 

were the same as the baseline analysis; hemiarthroplasty was the most cost effective 

treatment strategy (Figure 6.14). Although the overall cost for treatment from an institutional 

perspective is higher for hemiarthroplasty (£7,068 in institutional analysis versus £5,567 

based on the national tariff), the incremental effectiveness is high enough to result in an ICER 

that falls within the WTP threshold (Table 6.9). 
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Figure 6.14. Cost-effectiveness graph illustrating that hemiarthroplasty is the most cost-effective 

treatment when the MCM is run using institutional cost estimates. 

Table 6.9. Summary outputs generated from MCM analysis performed with institutional cost 

estimates. 

Strategy Cost, £ 

Incremental 

Cost, £ 

Effect, 

QALYs 

Incremental 

Effect, QALYs 

ICER, £/QALY 

gained NMB 

Conservative 

management 
309.16 - 9.94 - - 198,411.61 

Internal Fixation 4,194.92 3,885.77 10.02 0.08 48,740.58 196,120.31 

Hemiarthroplasty 7,068.68 6,759.52 11.21 1.27 5,317.78 217,074.45 

 

6.3.1.5 Sensitivity analysis: summation of findings 

Based on the full range on input parameters that informed this MCM, sensitivity analysis 

demonstrated that in the vast majority of parameter adjustments hemiarthroplasty remained 

the most cost effective treatment strategy (Table 6.10). 
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Table 6.10. Summary of variation of input parameters on MCM. 

Parameter 

Intervention found to be 

most cost effective Parameter assumption 

Complication rate after 

primary management 

Hemiarthroplasty 
Complication rate for hemiarthroplasty ≤ 24%, 

locking plate fixation ≥25% 

Locking plate 
Hemiarthroplasty complication rate ≥25%, 

locking plate complication rate ≥25% 

Secondary surgery rate Hemiarthroplasty All 

Probability of improving 

after secondary surgery 
Hemiarthroplasty All 

QALY values for patients 

with a successful outcome 

after primary management 

Hemiarthroplasty  All reported parameters 

Conservative Management 

Extrapolation beyond reported values: 

hemiarthroplasty well state QALY ≤ 1.53 and 

conservative management well state QALY ≥ 1.63 

Locking plate fixation 

Extrapolation beyond reported values: 

hemiarthroplasty well state QALY ≤ 1.53, 

conservative management well state QALY ≤ 

1.63, locking plate well state ≥ 1.8 

QALY values for patients 

with an unsuccessful 

outcome after primary 

management 

Hemiarthroplasty 
QALY of conservative management 

complication state <1.39 

Conservative management 
QALY for conservative management well state ≥ 

1.39 

QALY values for 

successful outcome after 

secondary surgery 

Hemiarthroplasty 
QALY for successful secondary surgery in 

hemiarthroplasty ≥ 0.3 

Conservative management 
QALY for successful secondary surgery in 

hemiarthroplasty <0.3 

QALY values for 

complication after 

secondary surgery 

Hemiarthroplasty 
QALY value for complication after secondary 

surgery in hemiarthroplasty ≥ 0.3 

Conservative management 
QALY value for complication after secondary 

surgery in hemiarthroplasty < 0.3 

Age specific mortality 

increased 
Hemiarthroplasty 

Based on repeated analysis using increased age-

specific mortality in life tables  

Institutional costing 

perspective 
Hemiarthroplasty 

Cost of hemiarthroplasty <£19,972 (£16,883 for 

national tariff perspective) 

 

6.4 Discussion 

This health economic evaluation investigated the cost-effectiveness of conservative 

management, locking plate fixation and hemiarthroplasty for proximal humerus fractures in 

the English NHS. It was conducted using a MCM over a 20-year time horizon for an elderly 
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cohort of patients with a 3 or 4-part proximal humerus fracture. The analysis found that 

hemiarthroplasty was the most cost-effective treatment strategy. This finding was based on 

improved clinical outcomes over the alternative treatment strategies, with an increased cost 

that was justified by an ICER of £4,380/QALY, which is within the national WTP margin. 

The input parameters that informed the MCM included clinical outcomes and probabilities 

derived from RCTs and expert opinion. Compared to the 2-year analysis performed in 

Chapter 5, sensitivity analysis demonstrated that the model found hemiarthroplasty to be the 

most cost-effective treatment across the vast majority of clinical scenarios. In relation to the 

parameters generated from expert consensus, the introduction of extreme and extrapolated 

values did not introduce uncertainty into the MCM. The overall lack of uncertainty 

demonstrated by the sensitivity analysis underlines the strength of this HEE and its findings. 

Over the last 30 years, life expectancy in England has grown at a rate of 1.2% per year for 

men and 0.7% per year for women290. The health costs for older patients are significantly 

greater than those of the general population291 and therefore there is an acute need for cost-

effectiveness health policy that aligns the long-term needs of elderly patients with the 

financial resources of the health service292. MCMs provide an opportunity to forecast cost and 

health outcomes over a lifetime horizon in elderly patients. This generates a more expansive 

analysis to inform health policy and decision making which is usually restricted to the 1 or 2 

year outcomes reported in clinical trials273. The findings of this cost-effectiveness study 

performed using a MCM over a 20-year time horizon were consistent with the results of the 

decision-tree analysis conducted in Chapter 5, which was based on a 2-year time horizon. 

Uncertainty within the MCM was smaller and therefore the strength of recommendations for 

management of elderly patients is greater based on a time frame that reflects their life 

expectancy. 
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The superiority of hemiarthroplasty over locking plate fixation and conservative management 

is driven by improved health utilities reported for hemiarthroplasty within the existing 

literature30,252. The improved health states of patients who underwent this procedure are 

possibly the result of less disutilities being incurred due to the reduced rate of secondary 

surgery compared to locking plate fixation (6% less). Avascular necrosis and metal work 

failure were sizeable contributors to locking plate fixation complications within the evidence 

base that informed this study. Advocates of hemiarthroplasty for more complex fractures 

rationalise their opinion based on such complications occurring after internal fixation265. The 

existing literature and its applications to health economic research provides weight to such 

opinions. However, the lack of registry data limits the understanding of performance bias 

when trying to generate consensus on recommendations for management. For instance, 

clinical research has shown that surgeon volume is inversely proportional to risk of 

complications after total hip replacement293. Therefore, it is possible that the complication 

rates for proximal humerus fractures reported from single-centre RCTs do not necessarily 

reflect individual or overall complication rates within the United Kingdom. High-volume 

orthopaedic units that have experience and a preference for locking plate fixation may have 

significantly lower complication rates and better functional outcomes for their patients. It is 

important that such variability in practice and patient outcomes is transparent, as well as 

available so that long-term clinical practice can be informed by more comprehensive data. 

The benefits of a national registry for patients with a proximal humerus fracture also offer 

health economic researchers time dependent clinical outcomes and more accurate age-

specific mortality data. Cost-effectiveness work on total hip replacement surgery has 

benefited from the National Joint Registry130, and Handoll et al’s HEE conducted in parallel 

to the ProFHER Trial also concluded that the creation of a national database should be the 

basis for future work in this field11. 
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This study is generalizable across the English NHS because it uses the national tariff for 

treatment costs. As discussed in Chapter 5, the inaccuracy of the tariff in reflecting true 

treatment costs118 underlines the limitations of cost-effectiveness research done within the 

English NHS that endeavours to be applicable across the service. Institutional cost estimates 

vary greatly between hospitals due to differences in procurement methods and capital 

overhead expenditure255, and therefore there is poor external validity to using such costs to 

inform national health economic policy. Despite this, the MCM that was constructed in this 

study revealed important findings in relation to treatment cost. Based on the reported clinical 

outcomes for hemiarthroplasty, the treatment cost could rise to £16,833 from £4,679 

(institutional cost of treatment), and it would still be the most cost-effective treatment within 

the English NHS. In Chapter 4, it was found that true treatment costs for hemiarthroplasty 

outweigh the national tariff, and as a result it was a financial burden for the hospital to 

provide this treatment. It appears counterintuitive that hospitals should be financially 

penalised when providing treatments that are cost-effective. This inequity in health policy 

possibly occurs because the reimbursement structure in the English NHS does not commonly 

account for, or reward cost-effective practices. In relation to hip fractures or joint 

replacement surgery, the Best Practice Tariffs that rewards evidence based standards of care, 

appears to add value to patient care294. These costing methods form such a small proportion 

of secondary care reimbursement that they are almost an aberration within an antiquated and 

inaccurate costing system. The possibility that inadequate reimbursement for cost-effective 

treatments are increasing hospital deficits or deterring services from better practices needs 

further examination. However, on the basis of the findings in this study there are definite 

policy implications; hospitals with comparable clinical outcomes to those that informed this 

study have a stronger case in asking for more reimbursement so that they can deliver cost-

effective treatment for elderly patients with complex proximal humerus fractures. 
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Reverse shoulder arthroplasty for complex proximal humerus fractures in elderly patients is 

increasing in popularity295. A number of studies have reported functional and clinical benefits 

to using this implant296, and there appears to be an attrition of the high complication rates that 

were reported in earlier research297. To-date, there is no clinical research that uses health 

utilities as measures of patient outcomes, and as a result this intervention could not be 

incorporated into this economic analysis. One of the financial concerns with using a reverse 

shoulder replacement has been the high cost of the implant259. Within the English NHS, the 

use of such a costly implant may stretch hospital services that are inevitability feeling the 

effects of economic austerity in the public sector298. Considering that the one-way sensitivity 

analysis found hemiarthroplasty to be cost-effective with a treatment cost as high as £16,833, 

it is feasible that the use of a reverse implant would be cost-effective if its outcomes were 

comparable or better than hemiarthroplasty. Existing research suggests this is the case 232,297, 

however outcomes that include health utilities are needed to perform further health economic 

research to establish this. 

6.4.1 Limitations 

Like the decision-tree analysis performed in Chapter 5, one of the limitations of this study 

was the small number of trials that informed the analysis. These trials represent the highest 

level of published evidence reporting on patient outcomes for proximal humerus fractures, 

and the MCM was largely unaffected by uncertainty introduced by sensitivity analysis. Even 

though this underlines the strength of the findings of this study, future work would be better 

informed by larger patient samples from a national database. Patent-level data with long-term 

follow up from such a national database would also overcome a further limitation within this 

analysis, which was a reliance on assumptions for transitional probabilities and patient 

utilities. Moreover, because of the absence of registry data, clinical heterogeneity could not 

be assessed through sub-group analysis. Nevertheless, the inclusion criteria for the studies 
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that informed the analysis were similar and therefore the findings of this cost-effectiveness 

study adds to the current knowledge base for treatment of the target population defined within 

the methodology. Finally, although societal costs are commonly viewed to improve the 

quality and applicability of HEEs110, a restrictive costing perspective was adopted using 

NHS-payer costs. Such methods are commonly employed in health economic research when 

societal costs are not available269, as was the case for this study. Measuring social and 

primary care costs requires substantial resources268. In the future, a HEE performed in 

parallel to an RCT for 3 or 4-part fractures would offer the opportunity to measure such costs. 

In the absence of societal costing data, the analysis performed in this study provides 

important recommendations on maximising health outcomes based on the constraints of the 

healthcare budget, and this is important finding for orthopaedic health policy 268. 

6.4.2 Conclusions 

This HEE using a MCM examined the cost-effectiveness of treatment interventions for 

complex proximal humerus fractures in elderly patients. In the setting of the English NHS 

and over a 20-year time horizon, hemiarthroplasty was found to be the most cost-effective 

strategy when compared with locking plate fixation and conservative management. 

Sensitivity analysis revealed that when input parameters were adjusted according to the wide 

range of expected clinical outcomes, health utilities and treatment costs that were reported in 

the literature or generated from expert opinion, in the vast majority of scenarios 

hemiarthroplasty remained the most cost-effective treatment strategy. Furthermore, the 

current cost of treatment could be increased by approximately 3-fold, and hemiarthroplasty 

would still offer health benefits that would fall within the WTP threshold that exists the NHS. 

The data that informed this analysis was based on a small number of trials and a large number 

of assumptions. Future work will have stronger external validity and rely on fewer 

assumptions if a national database is generated that records patient outcomes after this injury. 
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Chapter 7 

Discussion 

7.1 Summary of Findings 

This thesis aimed to improve the understanding of health and economic outcomes for 

complex proximal humerus fractures in elderly patients. Both quantitative and qualitative 

analytical methods were used to evaluate health outcomes. Economic outcomes were 

investigated using recognised principles of cost analysis and health economic evaluation. The 

results of each experimental chapter and the overall aims of the thesis will be summarised in 

this final section. 

7.1.1 Quantitative Evaluation of Health Outcomes: Meta-Analysis of RCTs 

A meta-analysis of 7 RCTs comparing surgical and non-operative management was 

performed. Sub-group analysis based on increasing fracture complexity and sensitivity 

analysis that examined trials by the type of surgical procedure was also performed. While the 

overall meta-analysis reinforced the findings of existing research95 that there is no significant 

difference in treatment effects between surgery and non-operative management, the extended 

meta-analytical methods employed in this chapter offer food for thought. Sensitivity analysis 

of 4-part fractures managed by hemiarthroplasty showed statistically significant improved 

health outcomes for patients at 24 months. Subgroup analysis of 4-part fractures also revealed 

they were less likely to result in osteoarthritis, osteonecrosis and non/malunion if treated 

surgically. Patients who underwent locking plate fixation for 3-part fractures were more 

likely to require secondary surgery than patients with the same injury managed 

conservatively. Evaluation of heterogeneity between the published studies found that 

statistical heterogeneity of treatment effects was not driven by methodological bias, but rather 

clinical heterogeneity between the trials. 
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The findings of this study have 2 key implications. Firstly, this meta-analysis demonstrates 

that within the existing evidence base, 4-part fractures managed with hemiarthroplasty in 

elderly patients have specific health outcomes that are better than when managed 

conservatively. Secondly, the heterogeneity between trials and the results of sub-group and 

sensitivity analysis which were distinct from the overall analysis indicate that future RCT 

design may provide more clinically applicable conclusions if the inclusion criteria are more 

specific in relation to fracture complexity and the type of surgical procedure performed. 

7.1.2 Qualitative Analysis of Elderly Patients’ Perceptions of Recovery 

To-date, there is no published qualitative analysis of patient perceptions after sustaining a 

proximal humerus fracture. A structured framework of thematic analysis was adopted in the 

evaluation of the experiences of 15 patients aged 65 or above, who had sustained a 3 or 4-part 

proximal humerus fracture. Seven themes were identified that related to how patients 

perceived their recovery and treatment; pain, sleep, shoulder function, emotional state, 

support network, experience of healthcare professional and experience of healthcare 

institution. Pain and trouble with sleep were the most important aspects of recovery for 

patients. Existing PROMs have an emphasis on limb function52,65 and do not consider or 

measure concepts such as emotional state, support network, experience of healthcare 

professional and experience of healthcare professional. Based on the findings of this 

qualitative study, there is a need to develop PROMs that better reflect the views of this 

specific population in relation to recovery after sustaining a complex proximal humerus 

fracture. 

7.1.3 Cost Analysis of Surgical Management 

This study employed TDABC as a micro-costing methodology to estimate the cost of surgical 

management of 3 and 4-part proximal humerus fractures in patients aged 65 years or above. 
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The study found that the mean institutional cost for the three surgical procedures performed 

at a single hospital varied substantially; the cost of a soft tissue reconstruction was £2,055, 

the cost of a locking plate fixation was £3,113 and the cost of a hemiarthroplasty procedure 

was £4,679. Reduced staff experience and increased patient frailty increased the estimates of 

treatment costs. National reimbursement for surgically managing this injury was £4,421. The 

findings of this study indicate that widespread use of hemiarthroplasty for these injuries can 

be a financial burden for hospitals as treatment costs are not appropriately reimbursed. 

Furthermore, the 2 main direct cost drivers that were identified within the patient pathway 

were implant cost and operating theatre staffing. Threshold analysis of theatre utilization 

demonstrated that delays in the operating theatre were likely to result in large increases in 

treatment cost and therefore better management of theatre utilization is likely to control 

treatment costs when managing these injuries. 

7.1.4 Health Economic Evaluation Over a 2-year Time Horizon 

This HEE performed using a decision analytical tree compared conservative management, 

locking plate fixation and hemiarthroplasty in the management of complex proximal humerus 

fractures in elderly patients over a 2 year time horizon. Within the setting of the English NHS 

and based on national tariffs, hemiarthroplasty is the most cost-effective treatment strategy 

with an incremental cost effectiveness ratio (ICER) of £18,000/quality adjusted life year 

(QALY). Sensitivity analysis indicated that the findings of this economic model had a great 

deal of uncertainty as adjustment of model parameters based on expected differences in 

clinical outcomes and costing based on an institutional perspective, resulted in conservative 

management being more cost effective within the defined willingness to pay threshold of 

£20000/QALY in the English NHS. 
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7.1.5 Health Economic Evaluation Over a 20-year Time Horizon 

This HEE used a Markov chain model (MCM) to examine the cost-effectiveness of treatment 

interventions for complex proximal humerus fractures in elderly patients. In the setting of the 

English NHS and over a 20-year time horizon, hemiarthroplasty was found to be the most 

cost-effective strategy when compared with locking plate fixation and conservative 

management. It offered an ICER of approximately £4,380/QALY which represented a benefit 

in QALYs over alternative treatments, which was well within the recognised WTP threshold. 

Furthermore, extensive sensitivity analysis based on adjustment of input parameters and cost 

found that hemiarthroplasty remained the most cost-effective treatment intervention across 

the majority of probable scenarios. One-way sensitivity analysis also demonstrated that the 

cost of treatment could increase by almost 3-fold and hemiarthroplasty would remain the 

most cost effective intervention. This has important implications in the development of newer 

technologies and the application of more costly treatments such as reverse arthroplasty for the 

management of these injuries. It is strongly suggestive that such technologies would be cost-

effective within the English NHS if they can meet or exceed the health outcomes specific to 

those currently reported after hemiarthroplasty for the management of complex proximal 

humerus fractures in elderly patients. 

7.2 Research Limitations 

The individual limitations of the methodology for each study are detailed in the 

corresponding chapters. The principle limitation of the meta-analysis study was that the 

number of included RCTs was less than 10. As such, the evaluation of publication bias 

amongst the studies needs to be treated with caution299. Furthermore, because less than 10 

RCTs were available, meta-regression was not possible300. Meta-regression is a meta-

analytical tool that allows the impact of moderator variables to be statistically evaluated in 

relation to study effect size. The presence of 10 or more RCTs would have allowed for more 
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robust statistical testing to establish the causes of heterogeneity between studies, and 

specifically it would determine whether studies with increased fracture complexity respond 

better to surgical treatment. As reported in Chapter 2, a large number of trials investigating 

proximal humerus fracture management are ongoing. The publication of these studies will 

make possible more comprehensive meta-analysis of studies based on a specific inclusion 

criteria of complex fracture-types, as well as meta-regression of moderator variables to better 

understand drivers of clinical heterogeneity between trials. 

The main limitation of the qualitative analysis was that patients included in the study were 

recruited from one hospital. While there may be acceptable internal validity to these findings, 

they are not representative of hospitals across the NHS. This restricts the generalisation of the 

conclusions, particularly in the development of a validated PROM. The study findings do 

suggest that patient perceptions may be not be adequately measured using current PROMs, 

and there is a need to extend and develop this research across a larger number of hospitals. 

The cost-analysis study was also limited because it was conducted at one hospital. However, 

there are inherent inaccuracies in deriving estimates across a number of hospitals because 

treatment costs greatly vary255,301. This study has demonstrated the feasibility of using more 

accurate costing methodologies in this field and it has highlighted how the reimbursement 

structure in the English NHS can actively penalise hospitals for performing appropriate and 

uncomplicated treatments. 

The health economic evaluations that were performed were limited in their strength because 

they was driven by a small select group of RCTs. The health utilities reported amongst these 

studies were presented as a mean value of all included patients. Such reporting methods make 

it difficult for to apply the findings of primary analyses to decision analytical economic 

models. Assumptions were made to delineate between successful outcomes of treatment and 
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complications and these assumptions were subjected to sensitivity analysis to quantify the 

extent of uncertainty they introduced into the models. Overall, the evaluation performed 

using a MCM over a 20-year time horizon had stronger conclusions because comprehensive 

sensitivity analysis supported the overall recommendations that hemiarthroplasty was the 

most cost-effective treatment strategy in the English NHS. 

There are two fundamental limitations to this work, both of which arise from the use of 

existing research. Firstly, there is a widely recognised deficiency in the classification of 

proximal humerus fractures134. Although reliability of commonly used systems such as those 

described by Neer and the AO have been challenged, there is a more concerning debate about 

whether these classification systems appropriately describe fractures, guide management and 

provide an accurate prognosis134. Until a more valid classification system is developed, this 

problem will limit the quality of research in this field. Secondly, there is a dearth of evidence 

that examines the effect of surgical skill on performance bias in orthopaedic surgery. Within 

our evidence synthesis there was a wide range of reported complication rates for surgical 

management of identical procedures. Although there can be a number of explanations for this 

including selection, detection and reporting bias, the effect of surgical skill requires 

consideration. A 2013 US study found that there was a significant correlation between the 

technical skills of bariatric surgeons and patient outcomes302. The effect of technical skill on 

outcomes in the management of proximal humerus fractures may also have a similar effect. 

As such, the findings of clinical and economic research such as that conducted in this thesis 

should come with the caveat; this research may reflect the outcomes of a large proportion of 

surgeons, however it is unable to fully encapsulate the full spectrum of surgical skill and 

performance. 
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7.3 Future Work 

The qualitative analysis provided new and important patient-centred views on recovery after 

sustaining a complex proximal humerus fracture. Concepts such as patients’ emotional state, 

their support networks, and their experience of healthcare professionals and the healthcare 

institution overseeing their care, do not form part of conventional measures of their health 

outcomes. As the shape of healthcare evolves, and the perceptions of patients’ own health 

state supersedes the clinician perspective303, there is a need to build upon the findings of this 

study and construct a PROM that is valid for elderly patients with complex proximal humerus 

fractures. Existing scores that are heavily weighted in favour of function may not be truly 

reflective of the needs of this group of patients and further study in this field is required. 

Another aspect of the qualitative analysis that requires development is the comparative 

assessment of patients that have undergone different management strategies for their 

proximal humerus fractures. The effects of complications, secondary surgery, functional 

improvement and symptomatic relief between treatment groups requires an exploratory 

analysis that quantitative assessment is likely to be too restrictive in design to provide. For 

instance, the meta-analysis in Chapter 2 demonstrated how patients who underwent a locking 

plate had a significantly increased risk of secondary surgery. Head preserving surgery for 

complex fractures is often adopted because of the perception by clinicians that it improves 

function304,305. An in-depth patient centred qualitative analysis offers the opportunity to better 

understand how an elderly cohort of patients value the benefits and risks of locking plates and 

hemiarthroplasty, and such an analysis is likely to improve and better inform shared decision 

making between clinician and patient. 

The cost analysis chapter posed some important questions for health policy in the English 

NHS that extend beyond the core subject matter in this thesis. However, having examined 



210 

existing costing methods while performing this study, I personally believe that there are 

substantial limitations in the accounting of treatment costs in the English NHS that require 

urgent further analysis. At a time when there is great financial strain on hospitals across 

England305, the study of improvement of costing methodology is crucial for health services. 

Patient level information costing systems (PLICS), is an information system driven tool that 

is being unrolled across the NHS as a means to estimating the costs of individual episodes of 

patient care306. This system draws data from a myriad of variables that range from prescribed 

drugs to implants used during surgery. These are then aggregated to calculate the cost of 

patient care. In the preliminary study design, this data was examined to determine whether it 

would be appropriate for use in the micro-costing analysis. Only a cursory observation of the 

data was required to recognise that it was greatly flawed; for example, implant costs for 

patients with a proximal humerus fracture included estimates of £2 to £20 for a large number 

of patients who had been managed with locking plates or hemiarthroplasty. Considering that 

implant cost was identified as the largest cost driver in Chapter 4, with costs of approximately 

£800 and £1,900 for a locking plate and hemiarthroplasty respectively, such gross 

inaccuracies requires further investigation. I believe one solution to identifying inaccuracies 

within PLICS would be to perform TDABC analysis, such as that conducted in Chapter 4 to 

identify inaccurate cost variables. Those variables could then be subjected to root cause 

analyses to identify why they have been inaccurately accounted for. 

There is also substantial scope for the development of health economic research in this field. 

A large number of trials that are currently ongoing will shape and improve the validity of 

future decision analytical models used to conduct a HEE comparing treatment interventions. 

The interest in the use of reverse shoulder implants, particularly for an elderly population 

with complex proximal humerus fractures, has resulted in their inclusion in ongoing RCTs307. 

The high cost of this implant is well recognised, and as such the cost-effectiveness of its 
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application will be particularly important to clinicians and policy makers alike. Another area 

that requires development and has also been highlighted by other researchers in this field, has 

been the implementation of a proximal humerus fracture registry11. A national record of 

patient outcomes would allow for more valid and robust clinical and economic analyses. One 

of the problems encountered while performing the HEE in this thesis was that the health 

utilities reported in the results of RCTs were quite restrictive and as a result assumptions need 

to be made to satisfy the full range of clinical outcomes. Registry data would allow this 

limitation to be overcome and this has been demonstrated in the use of such data to inform 

UK based health economic research in other orthopaedic sub-specialties308,309. 

The clinical applicability of research as a whole in this field is likely to benefit from more 

valid classification of these injuries. Furthermore, there is a need for appropriately powered 

multi-centred RCTs with specific inclusion criteria based on patient and fracture 

characteristics. Single-centre studies have limited external validity and given that the 

PROFHER trial is the only multi-centred RCT in this field, there is a need for the 

development of research networks to facilitate multicentre trials. Finally, future research 

should evaluate the impact of a surgeon’s technical skill and case-load volume on patients’ 

outcomes following surgery for a proximal humerus fracture. Such work is likely to 

characterise the role of performance bias which is relevant to more informed decision making 

on appropriate management. 

7.4 Conclusions 

This thesis has addressed the health and economic outcomes following management of 

complex proximal humerus fractures in elderly patients. It has found that quantitative health 

outcomes for 4 part fractures are more favourable following hemiarthroplasty. It has also 

demonstrated that this treatment represents the most cost-effective intervention for complex 
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fractures in elderly patients within the English NHS. Despite the health and economic 

benefits of this procedure, cost analysis showed that performing a hemiarthroplasty resulted 

in a financial loss for a hospital in the English NHS based on the national reimbursement 

tariff. The inequity of a financial framework that allows cost and clinically effective practice 

to be penalised requires further attention. Qualitative analysis has also demonstrated that the 

measures of health outcomes within this field need further development so that they better 

represent the perceptions the target population. This body of work has also outlined that there 

is a great deal of uncertainty that exists around the health and economic outcomes of complex 

proximal humerus fracture management. To address this uncertainty, there is a need for 

further clinical and health economic research and the development of a national registry.  
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Study Number 1 

Title Surgical vs Nonsurgical Treatment of Adults With Displaced Fractures of 

the Proximal Humerus 

The PROFHER Randomized Clinical Trial 

Authors Rangan A, Handoll H, Brealey S, Jefferson L, Keding A, Martin BC, 

Goodchild L, Chuang LH, Hewitt C, Torgerson D; PROFHER Trial 

Collaborators. 

Country United Kingdom 

Journal Journal of the American Medical Association (JAMA) 

Year 2015 

DOI 10.1001/jama.2015.1629. 

Design RCT 

Single/Multicentre Multicentre 

Methods September 2008 – April 2011 (2.5 years) 

32 acute NHS Trusts 

Power calculation based on a 5 point difference on OSS (ES 0.4 80% P 

5% SL) – moderate effect size 

Randomisation with independent remote randomisation service. 

No blinding of participants, clinicians or assessors. 

Independent data entry, processing and analysis.. 

Loss to follow up 19  

Fracture classification Neer 

Exclusion criteria Dislocation, open fracture, insufficient mental capacity, co-morbidities 

precluding surgery, clear indication for surgery such as soft tissue 

compromise, multiple injuries, pathological fracture, terminal illness, not 

resident in catchment area. 

Sample size 250 

Participants Patients > 16 years 

Fractures < 3 weeks old 

Displacement of fracture (not by Neer criteria) 

Interventions Surgical intervention: plate fixation or hemiarthroplasty 

Non-surgical intervention: sling for 3 weeks followed by physiotherapy 

Both groups received information leaflets for physiotherapy and inpatient, 

outpatient or community setting physiotherapy.  

Outcomes Primary outcome: Oxford Shoulder Score (OSS). Collected at 6, 12 and 24 

months. 

Secondary outcomes: 

1. SF-12 at 6, 12 , 24 months 

2. Complications 

3. Complications requiring reoperation 

4. Medical complications 

5. EuroQol at 3, 6, 12, 24 months 
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Results Primary outcome (OSS) 

6M S 37.07 NS 35.59 P 0.06 

12M S 39.23 NS 38.80 P 0.71 

24M S 40.11 NS 40.40 P 0.80 

Secondary Outcomes 

SF 12 physical 24 months 

S 45.68 NS 44.20 P 0.33 

SF 12 mental 24 months 

S 49.30 NS 50.69 P 0.35  

Notes/Complications  30/125 (24%) surgical patients had a complication 

11/125 (8.8%) surgical patients had a revision procedure within 2 years 

119/250 Neer 2 part 

11/250 Neer 4 part 

90/109 Plate and screws 

10/109 Hemiarthroplasty 

9/109 Other 

Mean age approximately 65 years. 

Risk of bias  

Random sequence generation 

(selection bias) 

Low risk. “…research associates randomly allocated patients to surgical or 

nonsurgical treatment using an independent remote randomization “service 

(telephone or online access) provided by the York Trials Unit (University 

of York). 

“Randomization was performed using a computer program with 1:1 

allocation, stratifying by tuberosity involvement (yes or no) and using 

random block sizes of 4, 8, and 12.” 

Allocation concealment 

(Selection bias) 

Low risk. See above. 

Blinding of outcome 

assessment (Performance bias) 

High risk. 

“There was no blinding of trial participants, clinicians, or assessment of 

outcomes” 

Blinding of outcome 

assessment –PROMS, pain, 

clinical outcomes, 

complications( Detection bias) 

High risk. 

See above 

Blinding of outcomes –death, 

reoperation ( Detection bias) 

High risk. 

See above 

Incomplete outcome data 

(Attrition bias) 

Low risk. A full account of reasons for loss to follow up was provided and 

loss to follow up was less than 10%. 

Incomplete outcome data 

(Attrition bias) 

Low risk. See above. 

Selective reporting  

(Reporting bias) 

Low risk. The outcomes in the protocol were those presented in the trial 

results. 

Other bias/study problems The study sought to evaluate and compare surgical treatment of displaced 

proximal humerus fractures in adults. They adopted the Neer 
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Classification, however stated that “The degree of displacement had to be 

sufficient for the treating surgeon to consider surgical intervention but did 

not have to meet the displacement criteria of Neer”. 

The majority of fractures were 2/3 part. The majority of patients were 

elderly and the vast majority of surgery was fixation. 

Whether the studies should inform decision making on younger patients, 

more comminuted fractures/fractures that meet Neer’s displacement 

criteria or hemiarthroplasty in the elderly remains unclear. 

Study Number 2 

Title Hemiarthroplasty for Humeral Four-part Fractures for Patients 65 Years 

and Older 

Authors Boons HW, Goosen JH, van Grinsven S, van Susante JL, van Loon CJ. 

Country Netherlands 

Journal Clinical Orthopaedics and Related Research (CORR) 

Year 2012 

DOI 10.1007/s11999-012-2531-0 

Design RCT 

Single/Multicentre Single 

Methods June 2005 – June 2009 (5 years) hospital in The Netherlands 

Power calculation based on 15 point difference on CMS with 80% power 

and 5%SL (Large effect size) 

Computer generated randomisation system used 

No mention of patient, clinician or assessor blinding 

No mention of independent data entering, monitoring or analysis 

Loss to follow up 3 patients (2 unwell, 1 died unrelated causes) 

Fracture classification Neer 

Exclusion criteria Pre-existing mental health or cognitive problems, additional trauma to 

arm, pathological or open fracture, neurovascular injury, pre-existing 

contralateral shoulder problem, lack of fluency in dutch, unable to 

participate in rehab, ASA >2. 

Sample size 50 

Participants Patients ≥65 

Fracture < 1 week old 

Displaced 4 part proximal humerus fractures 

Displacement by Neer Criteria 

Interventions Surgical intervention: Hemiathroplasty (cemented) with suture fixation of 

tuberosities 

Non-surgical: Shoulder immobilizer for 6 weeks 

Both groups underwent the same rehabilitation protocol. Light passive 

ROM from 2 weeks. 45degress passive FF and ABD from 2 – 6 weeks. ER 

restricted for 6 weeks. 

Outcomes Primary outcome: 

Constant Murray Score (CMS): collected at 3 and 12 months 
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Secondary outcomes (also at 3 and 12 months): 

1. Shoulder Strength Test (STT) 

2. Abduction strength 

3. VAS for pain and disability 

4. ROM 

Data on complications and reoperation 

Results Primary outcome (CMS) 

3M S 48 NS 54 P 0.125 

12M S 64 (15.8) NS 60 (17.6) P 0.413 

 

Secondary outcomes 

VAS pain 

3M S 19 NS 37 P 0.002 

12M S 23 NS 25 P 0.725 

 

SST 

3M S 41 NS 48 P 0.209 

12M S 25 NS 23 P 0.592 

 

ABD Strength 

3M S 20 NS 30 P 0.015 

12M S24 NS 42 P 0.008 

Notes/Complications Non operative group: Osteonecrosis 2/23, 3/23 non-union, 1/23 had operation 

at 13 months for pain from non-union. 

Operative group: 1/24 had revision 1 week post-surgery due to head stem 

separation, mal-positioning of GT in 4/24, superior migration of GT in 5/24 at 

12 months, 1/24 proximal migration of hemiarthroplasty, non-union in 2/24. 

Risk of bias  

Random sequence generation 

(selection bias) 

Low risk. “A computer-generated variable block schedule was used for 

randomization of the 50 patients to either hemiarthroplasty 

(n = 25) or nonoperative treatment (n = 25).” 

Allocation concealment 

(Selection bias) 

Low risk. “The randomization list was generated by an independent 

statistician and the resulting treatment allocations were stored in sealed 

opaque envelopes in the statistician’s room” 

Blinding of outcome 

assessment (Performance bias) 

High risk. No mention of blinding. 

Blinding of outcome 

assessment –PROMS, pain, 

clinical outcomes, 

complications (Detection bias) 

High risk. No mention of blinding.  

Blinding of outcomes –death, 

reoperation (Detection bias) 

High risk. No mention of blinding.  

Incomplete outcome data 

(Attrition bias) 

Low risk. A full account of incomplete outcome data was described and it 

only accounts for 3/50 patients with 2 in intervention group and 1 in the 

control group. 
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Incomplete outcome data 

(Attrition bias) 

Low risk. See above. 

Selective reporting  

(Reporting bias) 

Low risk. The authors investigated the outcomes described in the methods.  

Other bias/study problems 1. The sample size is small and the study is only sufficiently powered to 

detect a larger effect size. The possibility of type II error for moderate-

small effect size is present. 

2. This is a single centre study. The question of institutional procedural 

performance and its effect on intervention outcomes arises. Moreover 

the authors describe 13/25 undesirable surgical outcomes in the 

intervention group. 

Study Number 3a 

Title Surgical Treatment With an Angular Stable Plate for 

Complex Displaced Proximal Humeral Fractures in Elderly 

Patients: A Randomized Controlled Trial 

Authors Fjalestad T, Hole MØ, Hovden IA, Blücher J, Strømsøe K 

Country Norway 

Journal Journal of Orthopaedic Trauma 

Year 2012 

DOI 10.1097/BOT.0b013e31821c2e15 

Design Randomised controlled trial 

Single/Multicentre Single  

Methods May 2003 to May 2008 (5 years) at a hospital in Norway 

Power calculation “Constant score was used to calculate power and sample 

size with the software nQuery Advisor 4.0 (Statistical Solutions Ltd, Cork, 

UK). To detect a difference in mean Constant score of 26 points, with a 5% 

significance level and 25 patients in each group, resulted in a power of 72%”. 

Randomization was from a computer program. No mention of clinician or 

patient blinding. Independent assessors were not blinded to treatment. 

Fracture classification Neer 

Exclusion criteria “1) younger than 60 years old; 2) history of injury or illness of the injured 

or contralateral shoulder; 3) injuries of other parts of the humerus or the 

contralateral upper extremity; 4) alcohol or drug abuse; 5) dementia; 6) 

neurologic diseases; or 7) severe cardiovascular diseases that would 

contraindicate surgery. Patients of non-Scandinavian ethnicity were also 

excluded to reduce possible bias from differences in bone mineral content 

given the high incidence of osteoporosis in Scandinavians” 

Sample size 50 

Participants 1. Patients ≥60 

2. Type 3/4 Neer fracture 

3. Displacement between shaft and head could be not more than 50% 

shaft diameter 

4. Fracture age not specified however all patients had surgery within 1 

week 
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Interventions Surgical patients had a fixation with a fixed angle locking plate. 

Conservative patients – some actually had a closed reduction under GA if 

the shaft head displacement was > 50%. (23 patients – 2 died) 

Rehab: Surgical – passive rom after 3 days. Active rom after 3 weeks. 

Strengthening exercises after 6 weeks. (25 patients, 1 was ITT) 

Conservative – passive Rom after 2 weeks. Active ROM after 5 weeks. 

Strengthening exercises after 6 weeks. 

Outcomes Primary outcome measure: 

Constant Murray Score (CMS) at 3, 6 and 12 months 

Secondary outcome measures: 

1. American Shoulder and Elbow Society (ASES) form at 6 and 12 

months 

2. Radiographic results at 2, 8, 26 and 52 weeks (authors created their 

own rating system) 

Results Primary outcome (CMS) 

12 M S 52.3 (20.9) C 52.2 (18.3) P = 0.99 

 

Secondary outcome 

ASES 

12M S 14.8 C 15.5 P 0.71 

 

Other 

Surgical 8/23 developed AVN 

Conservative 13/25 developed AVN (1 was ITT) 

Conservative 2/25 had non unions 

Surgical 1/23 need re-operation because of metal work failure at 6 months 

1/25 conservative need surgery at 2 weeks because of further displacement 

Notes/Complications 8/25 conservative patients had a closed reduction under GA 

Risk of bias  

Random sequence generation 

(Selection bias) 

Low risk. Computer programme used. 

Allocation concealment 

(Selection bias) 

Low risk. Selection and allocation from non-translucent envelopes. 

Blinding of outcome 

assessment (Performance bias) 

High risk. Not performed 

Blinding of outcome 

assessment –PROMS, pain, 

clinical outcomes, 

complications (Detection bias) 

High risk. Not performed 

Blinding of outcomes –death, 

reoperation (Detection bias) 

High risk. Not performed 

Incomplete outcome data 

(Attrition bias) 

Low risk. Loss of follow up or cross over described and intention to treat 

analysis performed.  
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Incomplete outcome data 

(Attrition bias) 

Low risk. Loss of follow up or cross over described and intention to treat 

analysis performed. 

Selective reporting  

(Reporting bias) 

Low risk. The authors investigated the outcomes described in the methods. 

Other bias/study problems 1. Single centre 

2. Type II error risk; small sample size 

3. Patients had a closed reduction under GA in conservative group 

Study Number 3b 

Title Health and cost consequences of surgical versus conservative treatment for 

a comminuted proximal humeral fracture in elderly patients 

Authors Fjalestad T, Hole MØ, Jørgensen JJ, Strømsøe K, Kristiansen IS. 

Country Norway 

Journal Injury 

Year 2010 

DOI 10.1016/j.injury.2009.10.056 

Design RCT 

Single/Multicentre Single centre 

Methods May 2003 to May 2008 (5 years) at a hospital in Norway 

Power calculation “Constant score was used to calculate power and sample 

size with the software nQuery Advisor 4.0 (Statistical Solutions Ltd, Cork, 

UK). To detect a difference in mean Constant score of 26 points, with a 5% 

significance level and 25 patients in each group, resulted in a power of 72%”. 

Randomization was from a computer program. No mention of clinician or 

patient blinding. Independent assessors were not blinded to treatment. 

Fracture classification Neer 

Exclusion criteria “1) younger than 60 years old; 2) history of injury or illness of the injured 

or contralateral shoulder; 3) injuries of other parts of the humerus or the 

contralateral upper extremity; 4) alcohol or drug abuse; 5) dementia; 6) 

neurologic diseases; or 7) severe cardiovascular diseases that would 

contraindicate surgery. Patients of non-Scandinavian ethnicity were also 

excluded to reduce possible bias from differences in bone mineral content 

given the high incidence of osteoporosis in Scandinavians” 

Sample size 50 

Participants 1. Patients ≥60 

2. Type 3/4 Neer fracture 

3. Displacement between shaft and head could be not more than 50% 

shaft diameter 

4. Fracture age not specified however all patients had surgery within 1 week 

Interventions Surgical patients had a fixation with a fixed angle locking plate. 

Conservative patients – some actually had a closed reduction under GA if 

the shaft head displacement was > 50%. (23 patients – 2 died) 

Rehab: Surgical – passive rom after 3 days. Active rom after 3 weeks. 

Strengthening exercises after 6 weeks. (25 patients, 1 was ITT) 
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Conservative – passive Rom after 2 weeks. Active ROM after 5 weeks. 

Strengthening exercises after 6 weeks. 

Outcomes Primary 

15 D Instrument (HRQol) at baseline, 3, 6, 12 months 

 

Costs 

Results 15D 

3M S 0.814 (0.062) C 0.817 ( 0.074) 

6M S 0.836 (0.083) C 0.817 (0.088) 

12M S 0.841 (0.105) C 0.819 (0.083) p = 0.436 

Notes/Complications  

Risk of bias  

Random sequence generation 

(Selection bias) 

Low risk. Computer programme used. 

Allocation concealment 

(Selection bias) 

Low risk. Selection and allocation from non-translucent envelopes. 

Blinding of outcome 

assessment (Performance bias) 

High risk. Not performed 

Blinding of outcome 

assessment –PROMS, pain, 

clinical outcomes, 

complications (Detection bias) 

High risk. Not performed 

Blinding of outcomes –death, 

reoperation (Detection bias) 

High risk. Not performed 

Incomplete outcome data 

(Attrition bias) 

Low risk. Loss of follow up or cross over described and intention to treat 

analysis performed.  

Incomplete outcome data 

(Attrition bias) 

Low risk. Loss of follow up or cross over described and intention to treat 

analysis performed. 

Selective reporting  

(Reporting bias) 

Low risk. The authors investigated the outcomes described in the methods. 

Other bias/study problems 1. Single centre 

2. Type II error risk; small sample size 

3. Patients had a closed reduction under GA in conservative group 

Study Number 4 

Title Hemiarthroplasty versus nonoperative treatment of displaced 4-part 

proximal humeral fractures in elderly patients: a randomized controlled trial 

Authors Olerud P, Ahrengart L, Ponzer S, Saving J, Tidermark J. 

Country Sweden 

Journal Journal of Shoulder and Elbow Surgery 

Year 2011 

DOI 10.1016/j.jse.2011.04.016 

Design RCT 
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Single/Multicentre Single 

Methods April 2003 and June 2008 (approximately 5 years) hospital in Sweden 

No sample size estimation performed 

Randomisation procedure not described 

Blinding not described for clinician, patient or assessor 

Fracture classification Neer 

Exclusion criteria 1. High energy trauma 2.Previous ipisilateral shoulder problems 

3.institutionlisation 4. Severe cognitive dysfunction 

Sample size 55 

Participants 1. ≥55 

2. 4 part fractures 

3. See exclusion criteria 

Interventions Surgery: Cemented hemiarthroplasty with suture fixation of tuberosities. 

Sling for 6 weeks. Pendular and passive ROM abduction to 90 from day. 

Free ROM from 6 weeks. Strengthening exercised from 3 months. post op. 

Conservative: Sling for 6 weeks. Pendular and passive ROM abduction at 

2 weeks. Free active ROM from 6 weeks. 

Outcomes Primary outcome 

EuroQol-5D 4, 12 , 24 months 

Secondary outcomes 

1. CMS 4, 12, 24 months 

2. DASH 4, 12, 24 months 

Complications 

Results Primary outcome 

Eq-5D 

4 M S 0.69 C 0.59 

12M S 0.73 C 0.66 

24M S 0.81 C 0.65 ( p < 0.05) 

 

Secondary outcomes 

CMS 

4 M S 36 C 41.4 P = 0.21 

12M S 48.9 C 47.7 P = 0.76 

24M S 48.3 C 49.6 P = 0.81 

 

DASH 

4M S 42.8 C 41.5 P 0.92 

12M S 32 C 35 P 0.71 

24M S 30.2 C 36.9 P 0.25 

Notes/Complications Complications 

In Surgical reoperation in 3/27 in surgical group within 2 years. 1 was a 

locking plate included as ITT. 1 had an acromioplasty and capsular 

release. 1 had a reduction and fixation of the GT. 0 infection/nerve injury 
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In Conservative 1/28 had hemi after 1 month because of further 

displacement. 1/28 non union. 3/28 had AVN. 5/28 had post traumatic OA. 

Risk of bias  

Random sequence generation 

(Selection bias) 

High risk. Randomisation procedure not described. 

Allocation concealment 

(Selection bias) 

High risk. Randomisation procedure not described. 

Blinding of outcome 

assessment (Performance bias) 

High risk. Not performed. 

Blinding of outcome 

assessment –PROMS, pain, 

clinical outcomes, 

complications(Detection bias) 

High risk. Not performed. 

Blinding of outcomes –death, 

reoperation (Detection bias) 

High risk. Not performed. 

Incomplete outcome data 

(Attrition bias) 

Low risk. Loss of follow up described. Intention to treat analysis performed. 

Incomplete outcome data 

(Attrition bias) 

Low risk. Loss of follow up described. Intention to treat analysis performed. 

Selective reporting  

(Reporting bias) 

Low risk. Outcomes of interest in methods were reported. 

Other bias/study problems 1. Single centre 

2. Sample size not calculated 

3. Randomisation not described 

Study Number 5 

Title Internal fixation versus nonoperative treatment of displaced 3-part proximal 

humeral fractures in elderly patients: a randomized controlled trial 

Authors Olerud P, Ahrengart L, Ponzer S, Saving J, Tidermark J. 

Country Sweden 

Journal Journal of Shoulder and Elbow Surgery  

Year 2011 

DOI 10.1016/j.jse.2010.12.018 

Design RCT 

Single/Multicentre Single 

Methods April 2003 and March 2008 (5 years) one hospital in Sweden 

Sample size calculation not performed 

Randomisation procedure not described 

Blinding not described for clinician, patient or assessor 

Fracture classification Neer 

Exclusion criteria 1.complete shaft head displacement 

2.valgus impacted fracture 
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Sample size 60 

Participants 1. ≥ 55 

2. 3 part fracture 

3. Low energy trauma 

4. No previous shoulder problems 

5. Independent living 

Interventions Surgery: Philos plate for all patients. Tuberosity fractures fixed with no 

absorbable suture. Post op sling for 4 weeks. Pendular exercises from day 

1. Free active ROM from week 4. 

Conservative. Sling for 2 weeks. Pendular exercises after 2 weeks with 

passive elevation/abduction to 90. After 4 weeks free active ROM. 

Outcomes Primary Outcome 

EQ-5D (HRQol) (4,12,24 months) 

 

Secondary Outcome (4,12,24 months) 

1. CMS 

2. DASH Score 

Complications 

Results Primary Outcome (27 available at 2 years for surgery, 26 for conservative) 

EQ-5D 

4M S 0.71(0.27) C 0.61(0.23) 

12M S 0.74(0.24) C 0.65 (0.28) 

24M S0.70 (0.34) C 24(0.35) 

 

Secondary Outcome 

CMS 

4M S 52.3 (14.3) C 48.8 (16.3) P = 0.48 

12M S 61.5(18.4) C 56.8 (16.8) P = 0.18 

24M S61 (19.2) C 58.4(23.1) P = 0.64 

 

DASH 

4M S 36.2 (22.4) C 35.7 ( 20.1) P = 0.85 

12M S 29.1 (23.3) C 35.1 (24.2) P = 0.32 

24M S 26.4(25.2) C 35.0 (26.8) P = 0.19 

Notes/Complications Complications 

Surgery: AVN in 3 patients (3/27), 9/27 had reoperation at 2 years. 

Surgery for deep infection 2/9. Surgery for non union 1/9. Surgery for 

impingement 1/9. Surgery for stiffness 3/9. Surgery for AVN 2/9 

Conservative: Non union 1/26. AVN 2/26. OA 1/26. Reoperation for 

impingement 1/26. Axillary nerve palsy 1/26 

Overall mortality rate at 2 years is 7%. 

Risk of bias  
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Random sequence generation 

(Selection bias) 

High risk. Randomisation procedure not described. 

Allocation concealment 

(Selection bias) 

High risk. Randomisation procedure not described. 

Blinding of outcome 

assessment (Performance bias) 

High risk. Not performed. 

Blinding of outcome 

assessment –PROMS, pain, 

clinical outcomes, 

complications(Detection bias) 

High risk. Not performed. 

Blinding of outcomes –death, 

reoperation (Detection bias) 

High risk. Not performed. 

Incomplete outcome data 

(Attrition bias) 

Low risk.  

Incomplete outcome data 

(Attrition bias) 

Low risk. Loss of follow up described. Intention to treat analysis 

performed. 

Selective reporting  

(Reporting bias) 

Low risk. Loss of follow up described. Intention to treat analysis 

performed. 

Other bias/study problems 1. Single centre 

2. Sample size not calculated 

3. Randomisation not described 

Study Number 6 

Title Treatment of displaced proximal humeral fractures in elderly patients 

Authors Zyto K, Ahrengart L, Sperber A, Törnkvist H. 

Country Sweden 

Journal Journal of Bone and Joint Surgery (British Volume) 

Year 1997 

DOI none 

Design RCT 

Single/Multicentre Single 

Methods Patients seen at the Huddinge University Hospital in Stockholm from 

April 1990 to February 1993 (3 years) 

Sample size calculation not performed 

Randomisation poorly described “randomised by sealed envelope into 

either a surgical or conservative treatment group” 

Blinding not described for clinician, patient or assessor 

Fracture classification Neer 

Exclusion criteria 1. High energy trauma 

2. Pathological fractures 

3. < 30% contact between shaft and head 

4. Other fractures 

5. Concomitant disease likely to effect treatment 
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6. Patient ability to cooperate 

Sample size 40 

Participants 1. All adult patients 

2. ¾ part fractures 

Interventions Surgical: Tension band wiring procedure. Same post op physio as 

conservative 

Conservative: Sling for 7 – 10 days then physion 

Outcomes Primary outcome (follow up 3 – 5 years) 

CMS at 50 months 

 

Secondary outcomes 

Complications 

Subjective assessment 

Results CMS 

At 50 months 

S 60 (19) C 65 (15) 

 

Complications 

Surgery: AVN (1/14), Deep infection (1/14), non-union (1/14), OA (2/14), 

PE (1/14), K wire penetration 1/14 

Conservative : OA (2/15),  

Notes/Complications As above 

Risk of bias  

Random sequence generation 

(Selection bias) 

High risk. Randomisation procedure poorly described. 

Allocation concealment 

(Selection bias) 

High Risk. Randomisation procedure poorly described 

Blinding of outcome 

assessment (Performance bias) 

High risk. Not performed 

Blinding of outcome 

assessment –PROMS, pain, 

clinical outcomes, 

complications (Detection bias) 

High risk. Not performed 

Blinding of outcomes –death, 

reoperation (Detection bias) 

High risk not performed. 

Incomplete outcome data 

(Attrition bias) 

High risk. 27.5 % of patients were lost to follow up. 

Incomplete outcome data 

(Attrition bias) 

High risk. 27.5 % of patients were lost to follow up. 

Selective reporting  

(Reporting bias) 

Low risk. Description of reasons for loss of follow up provided.  

Other bias/study problems 1. Procedure not commonly performed 

2. Small sample size and no power calculation 
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3. Outcomes assessment was not at uniform times 

4. Large proportion of patients lost to follow up 

5. Single centre study 

Study Number 7 (EXCLUDED because of conservative management) 

Title Transcutaneous reduction and external fixation of displaced fractures of 

the proximal humerus. A controlled clinical trial. 

Authors Kristiansen B, Kofoed H. 

Country Denmark 

Journal Journal of Bone and Joint Surgery (British Volume) 

Year 1988 

DOI none 

Design RCT 

Single/Multicentre Single 

Methods Time frame not described 

Method of randomisation not described 

Sample size calculation not performed 

Blinding not described 

Loss to follow up 10/31 

Fracture classification Neer 

Exclusion criteria Not stated 

Sample size 31 

Participants 30 patients with 31 displaced 2-, 3- and 4-part proximal humeral fractures 

Interventions Surgery: Percutaneous reduction and external fixation 

Conservative: Closed manipulation under GA and sling 

Outcomes Primary 

Functional outcome with Neer score at 3, 6, 12 months 

 

Secondary 

Complications 

Results Primary 

Neer 

At 12 months S 60 C 79 

 

Complications 

Surgery: Infection (1/15), Reoperation (1/15), Pseudoarthrosis (1/15) 

Conservative: Nonunion (4/16), refracture (1/16), AVN (2/16) 

Notes/Complications As above 

Risk of bias  

Random sequence generation 

(Selection bias) 

High risk. Not described. 
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Allocation concealment 

(Selection bias) 

High risk. Not described. 

Blinding of outcome 

assessment (Performance bias) 

High risk. Not described. 

Blinding of outcome 

assessment –PROMS, pain, 

clinical outcomes, 

complications (Detection bias) 

High risk. Not described. 

Blinding of outcomes –death, 

reoperation (Detection bias) 

High risk. Not described. 

Incomplete outcome data 

(Attrition bias) 

High risk. Large loss to follow up. 

Incomplete outcome data 

(Attrition bias) 

High risk. Participant flow provided. 

Selective reporting  

(Reporting bias) 

Unclear risk.  

Other bias/study problems 1. Small study 

2. Outdated treatment technique 

3. Single centre 

4. Large loss of follow up 

5. Randomisation poorly described 

Study Number 8 

Title Four part fractures of the neck of the humerus 

Authors PG Stableforth 

Country United Kingdom 

Journal Journal of Bone and Joint Surgery (British volume) 

Year 1984 

DOI none 

Design RCT 

Single/Multicentre Single 

Methods 1970 to 1981 (11 years) at Bristol Royal Infirmary 

Method of randomisation not described 

Sample size calculation not performed 

Blinding not described 

Fracture classification Neer 

Exclusion criteria Impacted or minimally displaced 

Sample size 32 

Participants All adult patients 

Interventions Surgery: Hemiarthroplasty with Neer Prosthesis 

Conservative: Closed manipulation 

Both wore sling and started physio after 2-3 days 
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Outcomes Activities of daily living 

ROM 

Complications 

Results Surgery: Deep infection (1/16) , Revision (1/16) 

Notes/Complications  

Risk of bias  

Random sequence generation 

(Selection bias) 

High risk not described 

Allocation concealment 

(Selection bias) 

High risk not described 

Blinding of outcome 

assessment (Performance bias) 

High risk. Not blinded 

Blinding of outcome 

assessment –PROMS, pain, 

clinical outcomes, 

complications (Detection bias) 

High risk not blinded,  

Blinding of outcomes –death, 

reoperation (Detection bias) 

Unclear risk. 

Incomplete outcome data 

(Attrition bias) 

High risk large loss of follow up 

Incomplete outcome data 

(Attrition bias) 

Unclear risk 

Selective reporting  

(Reporting bias) 

Unclear risk 

Other bias/study problems Small study 

Randomisation not described 

Single centre 

PROMS not used 
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Appendix 2: 

Qualitative Study Documentation 
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Ethics Approval Documentation 
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Patient Information Letter 
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Patient Consent Form 
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Example of Transcripts Used For Analysis 
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Appendix 3: 

Cost Analysis Documents and Data 
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Questionnaire used for staff interviews 

Professional job description:  

Name:  

Date:  

Assessment in emergency room  

1. Are you routinely involved 

in this care component? 

 

2. If so what is your 

function? 

 

3. Please estimate your time 

commitment to this 

function.  

 

4. Please list expected 

consumables you would 

require to provide care. 

 

5. Please make any 

additional comments you 

would like regarding this 

care component. 

 

Patient arrives in ward  

1. Are you routinely involved 

in this care component? 

 

2. If so what is your 

function? 

 

3. Please estimate your time 

commitment to this 

function.  

 

4. Please list expected 

consumables you would 

require to provide care. 

 

5. Please make any 

additional comments you 

would like regarding this 

care component. 

 

Patient awaiting surgery  

1. Are you routinely involved 

in this care component? 

 

2. If so what is your 

function? 

 

3. Please estimate your time 

commitment to this 

function.  
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4. Please list expected 

consumables you would 

require to provide care. 

 

5. Please make any 

additional comments you 

would like regarding this 

care component. 

 

Transfer to theatre, 

anaesthetic room, operating 

room, recovery bay in theatre 

 

1. Are you routinely involved 

in this care component? 

 

2. If so what is your 

function? 

 

3. Please estimate your time 

commitment to this 

function.  

 

4. Please list expected 

consumables you would 

require to provide care. 

 

5. Please make any 

additional comments you 

would like regarding this 

care component. 

 

Post operative 24 hours.  

1. Are you routinely involved 

in this care component? 

 

2. If so what is your 

function? 

 

3. Please estimate your time 

commitment to this 

function.  

 

4. Please list expected 

consumables you would 

require to provide care. 

 

5. Please make any 

additional comments you 

would like regarding this 

care component. 

 

Day 2 post op – patient 

awaiting discharge 

 

1. Are you routinely involved 

in this care component? 

 

2. If so what is your 

function? 
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3. Please estimate your time 

commitment to this 

function.  

 

4. Please list expected 

consumables you would 

require to provide care. 

 

5. Please make any 

additional comments you 

would like regarding this 

care component. 

 

Outpatient physiotherapy  

1. Are you routinely involved 

in this care component? 

 

2. If so what is your 

function? 

 

3. Please estimate your time 

commitment to this 

function.  

 

4. Please list expected 

consumables you would 

require to provide care. 

 

5. Please make any 

additional comments you 

would like regarding this 

care component. 

 

Outpatient follow up and 

discharge 

 

1. Are you routinely involved 

in this care component? 

 

2. If so what is your 

function? 

 

3. Please estimate your time 

commitment to this 

function.  

 

4. Please list expected 

consumables you would 

require to provide care. 

 

5. Please make any 

additional comments you 

would like regarding this 

care component. 
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Final Delphi Evaluation Results 
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Staff capacity cost estimates 

(Based on NHS/Agenda for Change Pay scale. Adapted with market force factors) 

 Minimum pay rate 

(£/min) 

Maximum pay rate 

(£/min) 

Mean pay rate 

(£/min) 

Consultant 0.83 1.35 1.09 

SpR 0.36 0.51 0.43 

SHO 0.32 0.36 0.34 

ED Nurse 0.23 0.34 0.28 

Ward Nurse 0.23 0.34 0.28 

Theatre Nurse (Scrub) 0.23 0.34 0.28 

Theatre Nurse (Recovery) 0.23 0.39 0.31 

Clinic Nurse 0.23 0.28 0.25 

ODP 0.23 0.39 0.31 

Receptionist/Ward Clerk 0.16 0.20 0.18 

Physiotherapist 0.23 0.39 0.31 

Occupational therapist 0.23 0.39 0.31 

Porter 0.16 0.16 0.16 

Phlebotomist 0.16 0.18 0.17 

Kitchen staff/domestic services 0.16 0.16 0.16 

Pharmacist 0.23 0.39 0.31 

HCA 0.16 0.20 0.18 

Bed manager 0.26 0.39 0.33 

Trauma coordinator 0.26 0.39 0.33 
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Appendix 4: 

Supplementary Data and Methods in Economic Analysis 
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Outcome Probabilities 

1. Conservative management probability of a complication 

Author Study type Number of cases % of complications 

% of cases requiring 

revision 

Fjalestad et al148 RCT(Level I) 25 

64% 

16 (13 AVN, 2 non-

unions, 1 acute 

displacement) 

4% 

1(ORIF for early 

displacement) 

Olreud et al69 RCT (Level I) 26 

37.5% 

6(1 non-union, 2 AVN, 

1 OA, 1 impingement, 1 

axillary nerve palsy) 

3.8% 

1(SAD for impingement) 

Olreud et al30 RCT(Level I) 28 

35.7% 

10 (1 further 

displacement, 1 non-

union, 3 AVN, 5 OA) 

3.6% 

1(hemi for acute 

displacement) 

 

2. Number of different secondary surgical procedures after complications following 

conservative management 

Secondary procedure Indication Number ( Total N = 3) 

ORIF Acute displacement 1 

SAD Impingement 1 

Hemiarthroplasty Acute displacement 1 
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3. Internal fixation (IF) probability of complication 

Author Study type Number of IF cases % of complications % of cases requiring revision 

Fjalestad et al 148 RCT (Level I) 23 

69.6% 

16 (1 plate pull out, 7 screw penetrations into 

joint, 8 cases of AVN) 

17.4% 

4 (1 re-plating for plate pull out at 6 months,3 plate 

removals following screw penetration) 

Cai et al 252 RCT(Level I) 12 
25% 

3 (1 nonunion, 2 fixation failure) 

25% 

3 (1 nonunion treated with re-fixation, 2 fixation failures 

treated with plate removal) 

Olreud et al 69 RCT (Level I) 30 

33.3% 

10 (2 deep infection cases;1 treated with wound 

revision, repeated lavage, extraction of plate and 

spacer. 1 treated with wound revision and 

extraction of plate when wound healed; 1 non-

union treated with re-plating + bone graft;2 cases 

of impingement – plate extraction and plate 

removal each; 3 stiffness – plate removal, 3 AVN 

– plate removal, hemi and non op treatment) 

30% 

9 (2 deep infection cases;1 treated with wound revision, 

repeated lavage, extraction of plate and spacer. 1 treated 

with wound revision and extraction of plate when wound 

healed; 1 non-union treated with re-plating + bone graft;2 

cases of impingement – plate extraction and plate removal 

each; 3 stiffness – plate removal, 2 AVN – plate removal 

and hemi each) 
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4. Number of different secondary surgical procedures after complications following IF 

Secondary procedure Indication Number ( Total N = 16) 

Re-plating Plate pull out, non-union 2 

Removal of plate 

Screw penetration, failure of 

fixation, impingement, AVN, 

shoulder stiffness 

11 

Wound revision and removal of 

plate 
Infection 1 

Wound revision, removal of plate 

and spacer 
Infection 1 

Revision of IF to hemi AVN 1 
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5. Hemiarthoplasty (HA) probability of complication 

Author Study type Number of HA cases % of complications % of complications requiring revision 

Cai et al 252 RCT (Level I) 18 

16.6% 

3 (1 dislocation – hemiarthroplasty revision, 1 

infection – wound revision, 1 prosthesis 

loosening – hemiarthroplasty revision) 

16.6% 

3 (1 dislocation – hemiarthroplasty revision, 1 infection – 

wound revision, 1 prosthesis loosening – hemiarthroplasty 

revision) 

Sebastia-

Forcada et al 
232 

RCT (Level I) 30 

30% 

9 (1 intraoperative fracture treated with cerclage 

wire, 1 MUA for stiffness, 6 revisions to reverse 

for implant failure/loosening. Migration, 1 

superficial infection needing antibiotics) 

26% 

8 (1 intraoperative fracture treated with cerclage wire, 1 MUA 

for stiffness, 6 revisions to reverse for implant 

failure/loosening. Migration) 

Olreud et al 30 RCT (Level I) 24 

8.3% 

2 (1 patient had acromioplasty and release of 

adhesions and 1 patient had refixation of greater 

tubercle) 

8.3% 

2 (1 patient had acromioplasty and release of adhesions and 1 

patient had refixation of greater tubercle)  
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6. Incidence of different secondary surgical procedures after complications following HA 

Secondary procedure Indication Number ( Total N = 13) 

Revision to other hemiarthroplasty Instability, Prosthesis loosening 2 

Wound washout  Infection 1 

Intra-operative fracture treated 

with cerclage wire 
Fracture 1 

MUA Stiffness 1 

Revision to reverse implant 
Implant failure, loosening, 

migration 
6 

Acromioplasty and release of 

adhesions 
Stiffness/Impingement 1 

Re-fixation of greater tuberosity Loss of fixation 1 

 

7. Overall complications HA versus IF versus conservative 

 

Total cases Total complications 

Mean probability of 

a complication 

Probability range 

for a complication 

IF 65 29 0.446 0.25 – 0.696 

HA 72 14 0.194 0.083– 0.3 

Conservative 78 32 0.410 0.357 – 0.64 

 

8. Overall revision procedures for HA versus IF versus conservative 

 

Total cases Total revisions 

Mean probability 

for revision 

procedure 

Probability range 

for revision 

procedure 

IF 65 16 0.246 0.174 – 0.30 

HA 72 13 0.181 0.083 – 0.26 

Conservative 78 3 0.0385 0.036-0.04 
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9. Overall secondary surgery rate for complications HA versus IF versus conservative 

 

Total complications 

Total number of 

secondary 

operations 

Probability of 

complication 

requiring secondary 

surgery 

Probability range 

for complications 

requiring secondary 

surgery 

IF 29 16 0.551 0.25 – 1 

HA 14 13 0.928 0.889 – 1 

Conservative 32 3 0.094 0.0625 – 0.167 

 

Outcome Costs (Institutional Perspective – adapted from Chapter 3) 

Procedure Cost (£) 

Locking plate with inpatient stay 3113.63 

Hemiarthroplasty with inpatient stay 4679.31 

Clinic appointment 27.58 

Re-plating for failed ORIF 4197.08 

Plate removal 1381 

Surgical revision –removal of plate 2974.08 

Surgical revision – removal of plate + spacer 3074.08 

Revision ORIF to Hemi 5253.93 

Revision Hemi to Hemi 5469.93 

Revision Hemi to Reverse 6469.93 

Wound Revision Hemi 3079 

Hemiarthroplasty with cerclage wire 5373.69 

MUA 338 

Acromioplasty and release of adhesions (hemi) 676 

Fixation of tuberosity Hemi 796 

 

Health Related Quality of Life (Health Utilities) 

A literature review was performed to identify 2-year health utilities for patients that 

underwent surgical fixation, hemiarthroplasty and conservative management. The health 

utilities for successful interventions were based on the mean health utilities reported for 
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patients at 2 year follow up. A review of the literature revealed that health utilities for 

patients with complications or patients undergoing secondary surgery were not available. 

After consultation within the research group, estimates of health utilities were decided to be 

adapted from the existing studies. Standard deviation data was used to estimate the lower 

range of health utilities within each intervention. The following formula was used to calculate 

health utilities for patients with complications in each group: Mean Health Utility at 2 years – 

mean SD of 2-year Health Utility. Health utilities were converted to Quality Adjusted Life 

Years (QALYs) using the Area Under the Curve (AUC) method256. 

1. Published 2 year health utilities in the literature 

Author 

Pre-injury  

Health Utility 

24 month  

Health Utility SD value for 24 month 

Fjalestad et al148 (fixation) 0.87 0.849 Not reported (adapted as mean values) 

Fjalestad et al148 (conservative) 0.83 0.825 Not reported (adapted as mean values) 

Olreud et al69(fixation) 0.85 0.70 0.34 

Olreud et al69(conservative) 0.85 0.59 0.35 

Olreud et al30(hemiarthroplasty) 0.88 0.81 0.12 

Olreud et al30(conservative) 0.87 0.65 0.27 

Cai et al 252 (fixation) 0.85 0.74 0.24 

Cai et al 252 (hemiarthroplasty) 0.85 0.81 0.17 

 

2. Conversion of health utilities to QALYs 

For each trial containing health utility outcomes at 2 years, the relevant data was used in an 

AUC calculation to obtain QUALYs. For an uncomplicated outcome, the mean health utility 

as two years was selected for each trial. The mean QALYs of the trials were used for cost 

effectiveness outcomes for patients with uncomplicated treatment. For all patients who had a 

complication QALYs were estimated using the AUC calculation with a 2 year health utility 

generated from mean health utilities from all the trials which were subjected to devaluation 
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using the mean SD values (as described above). AUC calculations were performed in 

Microsoft Excel using the equation: 

∫𝒇(𝒙)𝒅𝒙

𝟐

𝟎

 

An example is provided for AUC calculations for QALYs for patients managed 

conservatively from the trial of Fjalestad et al148 = 1.641125 

 

∫ 𝒇(𝒙)𝒅𝒙
𝟐

𝟎
 = 1.641125 

For patients that had successful surgery an additional 0.5 standard deviations were 

incorporated into the input values to derive a QALY of 1.719. 

For patients with a complication a subtraction of 1 standard deviation was incorporated into 

the input values to derive a QALY of 1.486. 
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Patients who had a successful revision procedure were assumed to be halfway between the 

well and complicated state; QALY of 1.6025. 

Patients who had a complication after revision surgery had a QALY which was taken as a 

ratio of the primary well and complication states applied to the successful revision state; 

QALY of 0.95104 
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Decision Tree: Internal Fixation sub-tree 
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Decision Tree: Hemiarthroplasty sub-tree 
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Decision Tree: Conservative Management sub-tree 
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Appendix 5: 

Supplementary Data and Methods in Markov Economic Analysis 
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1. Markov tree: conservative management sub-tree 
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2. Markov tree: locking plate sub-tree 
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3. Markov tree: hemiarthroplasty sub-tree 
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Micro-costing estimates used for secondary analysis 

Markov Health State Cost (£) 

Conservative Well State 165.48 

Hemiarthroplasty Well State 4679.31 

Locking Plate Well State 3113.63 

Conservative Revision State 2716.67 

Hemi Revision State 4260.80 

Locking Plate Revision State 2175.42 
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