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Abstract 

Chronic pain is common following musculoskeletal trauma irrespective of injury severity, 

with patients often experiencing disability. Central sensitisation (CS), categorised by features 

such as widespread pain, allodynia and secondary hyperalgesia, offers an explanation to the 

development of chronic pain. This thesis investigated CS in musculoskeletal trauma with a 

systematic review finding a range of CS measures used. Few studies investigated 

measurement properties of CS measures. Two reliability studies were conducted evaluating 

quantitative sensory tests (QST) in asymptomatic and musculoskeletal trauma populations, 

with a new method of measuring temporal summation developed. An exploratory study 

investigated features of CS in participants following lower limb trauma using QST, pain 

drawings and multiple patient reported outcome measures. Reduced pain thresholds and 

greater pain extent was found in participants with greater levels of pain and disability at six 

months, suggesting features of CS. This thesis is the first to report features of CS in acute 

stages following lower limb fractures, enabling new knowledge and insight into CS acutely 

following injury and how this could influence pain and disability at six months. Greater 

understanding of pain processes at the acute stage of injury has potential to influence acute 

rehabilitation management to ensure better overall patient recovery.  
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CHAPTER 1 

MUSCULOSKELETAL TRAUMA AND CENTRAL 

SENSITISATION 

 

1.1 Overview and Incidence of Musculoskeletal Trauma 

 

The National Audit Office estimates approximately 20,000 cases of major trauma occur 

in the United Kingdom annually (National Audit Office, 2010). Of these approximately 5,400 

result in fatalities (National Audit Office, 2010). In 2007, the National Confidential Enquiry 

into Patient Outcome and Death (NCEPOD) highlighted shortcomings in care following trauma 

(NCEPOD, 2007), leading to the introduction of 27 Major Trauma Centres in the United 

Kingdom (National Audit Office, 2010). This has transformed how care of major trauma is 

managed, with multiple national guidelines being published on service delivery and 

management (NICE, 2016a, NICE, 2016b, NICE, 2016c).  

 

At the time of these recommendations, the most common mechanism of injury was road 

traffic collisions (RTC), with the young male population (under 25 years) being the most 

common age group to be injured (Kehoe et al., 2015). However, in more recent years, there has 

been a change in the profile of the age and mechanism of trauma (Kehoe et al., 2015, Moran et 

al., 2018). Recent studies evaluating data from the Trauma Audit and Research Network 

(TARN) database illustrates a shift from RTC to a fall of less than two metres as the most 
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frequent mechanism of injury (Moran et al., 2018). The mean age of trauma survivors has also 

increased from 36.1 to 53.8 years between 1990 and 2013 (Kehoe et al., 2015). Patients over 

the age of 65 presenting to major trauma centres accounted for 49.2% of the major trauma cases 

reported to TARN in 2016/2017 (Moran et al., 2018). Due to this increase in age, the number 

of patients with major trauma who presented with comorbidities in the same year was 70.3%, 

making recovery processes more complex (Moran et al., 2018). In combination with this shift 

in age and mechanism of injury profile, advances in health care and the introduction of major 

trauma centres, an increase in survival rate has been observed (Moran et al., 2018). 

 

1.2 Chronic Pain following Musculoskeletal Trauma 

 

With more people now surviving their injuries, and with an older population with 

patients with pre-existing comorbidities, rehabilitation to regain function and quality of life 

(QOL) following trauma is paramount, and this is recognised nationally. A rehabilitation 

assessment within 48-72 hours of admission to a major trauma centre is recommended for all 

major trauma patients (TARN, 2018). Furthermore, the National Health Service (NHS) ‘best 

practice tariff’, is aimed at encouraging best treatment and management, and is paid when a 

rehabilitation prescription (where patients needs are assessed) is completed for all major trauma 

survivors with a score of >9 on the Injury Severity Scale (ISS) (NHS England and NHS 

Improvement, 2019). Despite having this framework in place for rehabilitation after injury, it 

is well documented that the recovery in terms of both pain and disability of trauma survivors is 

poor irrespective of the severity of their injury (Holtslag et al., 2007, Gabbe et al., 2016, Quested 

et al., 2017).  
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Following a traumatic injury, pain is to be expected, as acute pain is a protective 

mechanism and can as a consequence result in temporary reduction in function (Kent et al., 

2017). However, what is not clear are the underlying mechanisms that cause transition from an 

acute normal response following injury to chronic pain. The transition from acute to chronic 

pain is well recognised following trauma, with 62.7% of major trauma survivors documented 

experiencing pain at 12 months (Rivara et al., 2008), and 39.6% at 24 months following injury 

(Giummarra et al., 2019). Specifically following musculoskeletal trauma, it has been reported 

that 48% of patients have pain at discharge, with 30% reporting pain 6 months later (Williamson 

et al., 2009). Furthermore, a study by Rosenbloom et al. (2016) reported moderate to severe 

neuropathic pain within the first 14 days following musculoskeletal trauma (n=59, 46%), of 

which a third of patients continued to experience symptoms four months post injury.   

 

A number of studies focused around pain and the impact this may have on outcome have 

been conducted in an effort to understand potential mechanisms that could contribute to the 

transition from acute to chronic pain following trauma (Holbrook et al., 1998, Holbrook et al., 

1999, Rivara et al., 2008, Williamson et al., 2009, Rosenbloom et al., 2016, Daoust et al., 2018, 

Giummarra et al., 2019). Due to the wide range of injuries within musculoskeletal trauma, some 

of which can often be life changing, defining what is successful or good outcome is challenging 

with the literature evaluating pain, disability, QOL or return to work status (Gabbe et al., 2013, 

Hoffman et al., 2014, Turner et al., 2019). This is further highlighted with studies using a wide 

variety of outcome measures and a variety of time points from onset of injury through to 24 

months (Gabbe et al., 2013). Synthesising the results of all studies is therefore difficult and 
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precludes definitive conclusions being drawn. Currently no gold standard outcome measure 

currently exists specific to the trauma population (Turner et al., 2019). Specifically related to 

pain, studies commonly use self-report measures to evaluate pain intensity, such as the 

numerical rating scale (NRS) (Williamson et al., 2009), or measures to evaluate pain and pain-

related disability such the Chronic Pain Grade Scale (CPGS) (Rivara et al., 2008). Self-report 

measures, although useful, are insufficient to elucidate the pain mechanisms driving the pain 

sensation (Fillingim et al., 2016). 

 

Prognostic research offers some insight into factors which could influence the transition 

to acute to chronic pain. One systematic review by Clay et al. (2012) has identified multiple 

early prognostic factors for the development of chronic pain, including high initial pain intensity 

at injury, older age, female gender and pre-injury depression and anxiety. As this review was 

conducted prior to the introduction of the Quality In Prognosis Studies (QUIPS) risk of bias 

tool (Hayden et al., 2013), the review used recommendations by Hayden et al. (2006) to 

evaluate the quality of studies in the review. The factors of high initial pain intensity at injury, 

older age, female gender and pre-injury depression and anxiety were found to have a strong 

level of evidence. This was defined in the review as two or more high-quality studies, with 

these high quality studies showing consistent findings of the particular prognostic factor (Clay 

et al., 2012). Injury severity, compensable injury, intensive care admission, lower extremity 

injury, previous injury and limitations of activities of daily living or post injury depression or 

anxiety were all found to have moderate level of evidence, with moderate level of evidence 

being defined as one high quality study consistent with one or more low-quality study in the 

same review (Clay et al., 2012). However, only three of the 10 studies included in this review 
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were rated as high quality, making overall conclusions of prognostic factors in the development 

of chronic pain difficult.  

 

Current research highlights early prognostic features of chronic pain such as high pain 

intensity at injury, with multiple studies reporting a transition from acute to chronic pain up to 

and beyond six months in this population. Therefore, it is clear there is a need for further 

research into the causation of chronic pain from onset of injury onwards following trauma to 

gain a better understanding of potential pain mechanisms contributing to symptoms and 

impacting recovery and rehabilitation. Recently, there has been a move towards a more 

mechanistic approach whereby identifying the underlying mechanisms can help target more 

optimal management and rehabilitation for patients (Fillingim et al., 2016, Vardeh et al., 2016).  

For this to be achieved, four main pain domains have been described which include nociceptive, 

neuropathic, inflammatory and centralised pain (Vardeh et al., 2016). Whereas nociceptive and 

inflammatory and to a certain extent neuropathic pain, can often be attributed to an injury or 

disease with pain responses in keeping with injury characteristics, the term ‘centralised’ 

referring to a distinct mechanism is more complex (Vardeh et al., 2016). A centralised 

mechanism is considered when injury has occurred, but pain persists after tissue healing has 

taken place (Vardeh et al., 2016). A potential explanation for high pain intensity following 

injury and the development of chronic pain after musculoskeletal trauma could be the presence 

of more centralised mechanisms such as central sensitisation (CS).  

 

 



6 

 

 

1.3 Central Sensitisation 

 

The International Association for the Study of Pain (IASP) defines CS as “increased 

responsiveness of nociceptive neurons in the Central Nervous System (CNS) to their normal or 

subthreshold afferent input” (IASP, 2017). CS is a complex phenomenon with evidence that 

both spinal cord and supraspinal mechanisms can play a role in CS (Harte et al., 2018). CS can 

be triggered by an intense noxious stimulus which is repeated and sustained, and although tissue 

injury is not a pre-requisite for CS to occur, following the nature of a traumatic injury, CS has 

the potential to contribute to persistent symptoms (Latremoliere and Woolf, 2009). CS was first 

discovered by Woolf (1983) in rats, which was demonstrated in healthy human volunteers a 

number of years later (LaMotte et al., 1991, Torebjörk et al., 1992). A summary of the key 

studies both animal and human studies is summarised in Table 1.1. 
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Following tissue injury, peripheral sensitisation at the injury site can arise (Latremoliere 

and Woolf, 2009, Woolf, 2011, Vardeh et al., 2016, Woolf, 2018). Peripheral sensitisation is 

caused by increased responsiveness of the nociceptors due to a local inflammatory response, 

allowing their threshold to be lowered and activated by less intense stimuli (Woolf, 2011, 

Vardeh et al., 2016, Woolf, 2018). As a consequence of the increased responsiveness of the 

nociceptors due to an intense noxious stimulus immediately following injury, changes within 

the CNS such as excitability of nociceptive neurons at the dorsal horn can follow; often termed 

‘activity dependant CS’ (Latremoliere and Woolf, 2009, Woolf, 2018). This can result in 

symptoms such as secondary hyperalgesia whereby pain sensitivity extends beyond the site of 

injury, tactile allodynia (pain in response to light touch), and an increase in pain following a 

repetitive stimuli [temporal summation (TS)] (Latremoliere and Woolf, 2009, Woolf, 2011).  

 

Multiple mechanisms are suggested for CS to occur. Multiple molecular triggers (e.g. 

changes in the threshold and activation of N-methyl-D-Asartate (NMDA) and amino-3-

hydroxy-5-methyl-4-isoxazole propionate (AMPA) receptors), and cellular processes (e.g. 

increase in membrane excitability and synaptic facilitation) can occur leading to CS 

(Latremoliere and Woolf, 2009). In addition to the molecular changes, changes within the 

synapse may occur, which include homosynaptic facilitation. This takes place at the synapse 

between the nociceptor and dorsal horn resulting in increased responsiveness due to the input 

from injured tissue (Latremoliere and Woolf, 2009, Vardeh et al., 2016), and more commonly 

heterosynaptic facilitation, whereby recruitment of low threshold Ab nerve fibres are recruited 

into the nociceptive pathway (Woolf, 2011, Vardeh et al., 2016). Clinically homosynaptic 

facilitation is commonly characterised by temporal summation (TS), whereas heterosynaptic 
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facilitation is portrayed by tactile allodynia and secondary hyperalgesia (Vardeh et al., 2016). 

A summary of the different mechanisms of CS are summarised in Figure 1.1.  

 
 

  

Figure 1.1. Summary of different mechanisms at molecular and cellular levels of central 
sensitisation. Figure from Latremoliere and Woolf (2009) 
 

 Activity dependant CS can be present a few seconds following injury if there is adequate 

activation of the nociceptors (Woolf, 2018), and can dissipate after a few hours following the 

absence of nociceptive input (Latremoliere and Woolf, 2009). However, it is suggested that 

prolonged stimulation of the CNS, for example due to inflammation, can produce long term 

changes in the excitability of central neurons (Curatolo et al., 2006, Woolf, 2018).   
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 Mechanisms of more long term changes in the excitability of the central neurons are 

suggested including synaptic plasticity in the spinal cord and cortex, cortical reorganisation, 

activation and changes in glial cells and, multiple changes in neurochemistry (Latremoliere and 

Woolf, 2009, Woolf, 2018). Studies have demonstrated increase in brain activity in areas 

involved in acute pain, but also an increase in activity in areas which are not normally involved 

in acute pain (Staud et al., 2008, Craggs et al., 2012). Furthermore, poor functioning of 

descending pain modulation or lack of endogenous analgesia have also been suggested and 

demonstrated in conditions commonly associated with CS (Yarnitsky, 2010, Arendt-Nielsen et 

al., 2010, Staud et al., 2003). Both changes of brain activity and descending pain modulation 

have also been suggested to be facilitated further by more emotional factors such as pain 

catastrophising and fear as well as the physiological changes discussed above (Kamper et al., 

2011). This highlights that due to the multiple and complex mechanisms at spinal cord level 

through to the cortex, CS is now often regarded as a concept whereby pain has been amplified 

centrally by whatever mechanism or location, rather than purely ‘activity dependant’ CS; which 

was defined as only occurring in dorsal horn of the spinal cord (Woolf, 2018). This allows the 

recognition that CS can be generated and maintained without a peripheral driver, commonly 

seen in conditions which present with CS clinical features such as fibromyalgia and irritable 

bowel syndrome (Harte et al., 2018). Furthermore, CS has been associated with overall higher 

pain intensity, higher anxiety and depression scores, greater disability and poorer quality of life 

(QOL) in other populations such as osteoarthritis and low back pain (Imamura et al., 2008, 

Smart et al., 2012, Klyne et al., 2019). It is therefore acknowledged that a combination of 

peripheral and centrally driven factors can trigger and maintain CS, and effective management 

will therefore be dependent on an individual’s presentation (Harte et al., 2018).  
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1.4 Measuring Central Sensitisation 

  

Due to the complex nature of CS, no gold standard outcome measure exists to assess 

CS (Clark et al., 2017, Arendt‐Nielsen et al., 2017, Neblett, 2018), however clinical features of 

CS e.g. presence of tactile allodynia, secondary hyperalgesia and TS, can be assessed (Williams, 

2018). By assessing clinical features of CS, this can provide results suggestive of its presence. 

Methods to evaluate features of CS include patient reported outcome measures (PROMS) such 

as the Central Sensitisation Inventory (CSI) (Neblett, 2018), Quantitative Sensory Testing 

(QST) (Cruz-Almeida and Fillingim, 2014), and pain drawings to show location and extent of 

pain (Nijs et al., 2014, Falla et al., 2016, Williams, 2018). 

 

1.4.1 Patient Reported Outcome Measures 

 

 The CSI was developed with the original aim of helping to identify features of CS to 

aid clinicians in treatment planning and management (Mayer et al., 2012). However, more 

recently the CSI has been suggested to be associated with CS clinical features, giving a 

quantifiable measure of the severity of CS symptoms (Neblett, 2018, Scerbo et al., 2018). The 

CSI combines commonly reported features of CS seen in chronic pain populations which 

include physical symptoms such as widespread pain, emotional distress such as low mood, 

headache and jaw symptoms and urological symptoms (Mayer et al., 2012). A cut off score of 

>40 has been suggested to indicate presence of CS (Neblett, 2018). It is important to highlight 

however, that this tool has been designed specifically focusing on chronic pain populations such 

as fibromyalgia (Mayer et al., 2012, Neblett, 2018). Therefore, some items within this 
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questionnaire which are commonly associated with chronic pain populations presenting with 

features of CS such as frequent urination, may not be appropriate or relevant to an acute pain 

population such as musculoskeletal trauma. Although this outcome measure was introduced 

fairly recently, the validity, reliability and responsiveness have been established in chronic 

musculoskeletal conditions e.g. chronic back pain (Scerbo et al., 2018), but no studies have 

investigated the measurement properties for the CSI in an acute musculoskeletal trauma 

population. Measurement properties need to be established before utilising within an acute 

trauma population.   

 

1.4.2 Quantitative Sensory Testing 

 

 QST, a psychophysical method of assessing the somatosensory system, can be used in 

both research and clinical practice (Rolke et al., 2006b, Vardeh et al., 2016). The term QST 

encompasses multiple tests and modalities which assess the perceptual response from sensory 

stimuli, whereby information can be gained on Ab, Ad and C fibre function and the integrity of 

their central pathways (Cruz-Almeida and Fillingim, 2014). QST can be used to assess sensory 

loss e.g. indication of small nerve fibre degeneration (Rolke et al., 2006b, Ridehalgh et al., 

2018) and sensory gain e.g. secondary hyperalgesia (Vardeh et al., 2016, Zhu et al., 2019). The 

German Research Network on Neuropathic Pain (DFNS) developed a protocol to 

comprehensively assess the somatosensory system, which assesses both loss and gain of 

function (Rolke et al., 2006b). Although QST is commonly used in research, within clinical 

practice use can be limited due to the cost of equipment and time constraints of appointments, 

as well as expertise required to use the equipment (Vardeh et al., 2016).  



15 

 

 

 

The use of bedside, time efficient testing protocols have been developed, but with 

variable concurrent validity depending on the measure and musculoskeletal condition tested, 

the reliability of these measures yet to be established (Zhu et al., 2019). Zhu et al. (2019) found 

significant correlations in loss of function methods such as cold and warm detection thresholds, 

and gain of function measures such as pressure pain thresholds using a pencil eraser in a mixed 

cohort of carpal tunnel syndrome, non-specific neck and arm pain and lumbar radiculopathy. 

However, the agreement between the bedside tests and QST ranged from 45% to 86%, with 

loss of function tests such as warm and cold detection thresholds having better agreement in 

non-specific neck and arm pain and gain of function tests such as pressure pain thresholds in 

the lumbar radiculopathy group. This therefore indicates certain measures at the bedside maybe 

more useful in certain populations (Zhu et al., 2019), with further research now required. 

 

QST can be beneficial in exploring sensory gain and thus clinical features of CS such 

as secondary hyperalgesia and TS (Williams, 2018). Common methods include pressure and 

thermal pain thresholds (TPT) to assess secondary hyperalgesia, and repetitive painful 

stimulation at a constant rate to represent the TS effect (Rolke et al., 2006b, Cruz-Almeida and 

Fillingim, 2014, Harte et al., 2018). Although QST measures such as pressure pain thresholds 

(PPT) and TPT can provide valuable information about the functioning of both Ad and C fibre 

function (Rolke et al., 2006b, Backonja et al., 2013, Cruz-Almeida and Fillingim, 2014), these 

measures cannot be used for a ‘diagnosis’ or provide the exact source of somatosensory 

dysfunction (Cruz-Almeida and Fillingim, 2014). Instead, evaluating the features of CS is 

recommended (Nijs et al., 2014). For example previous studies have utilised PPT and TPT at a 
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local and remote site to evaluate secondary hyperalgesia – a feature of CS (Sterling et al., 2003a, 

Walton et al., 2011b, Larsen et al., 2016, Larsen et al., 2018). 

 

QST measures do have limitations, in that protocols commonly use the ‘methods of 

limits’ (MLI) approach which requires the participant to press a button when the pain threshold 

is reached and is therefore highly dependent on participant reaction times (Cruz-Almeida and 

Fillingim, 2014). Other methods do exist to mitigate this such as ‘method of levels’ (MLE) 

whereby a stimulus is at a predetermined level e.g. a given temperature, and the participant is 

asked if this is painful or not (Cruz-Almeida and Fillingim, 2014). This method is time 

consuming and as such may not be appropriate for clinical practice, making the methods of 

limits approach the most commonly used method in research currently (Cruz-Almeida and 

Fillingim, 2014).  

 

 Overall, the reliability of QST has been adequately demonstrated for a range of 

modalities using the methods of limits approach, including mechanical (Chesterton et al., 2007, 

Walton et al., 2011a, Graven-Nielsen et al., 2015, Pelfort et al., 2015), and thermal (Heldestad 

et al., 2010, Moloney et al., 2011, Knutti et al., 2014). Other modalities such as vibration (James 

and Scott, 2012, Tyros et al., 2016, Marcuzzi et al., 2019), as well as a combination of 

modalities including the DNFS protocol (Geber et al., 2011, Marcuzzi et al., 2017), and thermal 

and pressure pain thresholds (PPT) combined (Wylde et al., 2011) have also adequately 

demonstrated reliability. However, study designs are variable (Moloney et al., 2012), with most 

reliability studies conducted in a controlled lab environment, bringing into question the 

applicability to a clinical environment. Despite this, QST allows valuable information to be 
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gained to form a clinical picture and an indication of whether CS could be contributing to a pain 

presentation. Further research is required in patient populations in a clinical environment.  

 

In relation to CS, QST is extensively used in identifying signs and symptoms of CS in 

populations such as knee osteoarthritis (Arendt-Nielsen et al., 2010, Lluch et al., 2014, Lluch 

Girbés et al., 2016), low back pain (Marcuzzi et al., 2018, Klyne et al., 2019) and whiplash 

associated disorders (Sterling et al., 2005, Walton et al., 2011b). There are few studies which 

have used QST in patients following musculoskeletal trauma (with the exception of whiplash 

associated disorders), with in particular, only a handful of studies investigating QST in patients 

with fractures (Hall et al., 2016, Larsen et al., 2016, Doménech-García et al., 2018, Griffioen 

et al., 2018, Larsen et al., 2018). CS and associated clinical presentations (e.g. secondary 

hyperalgesia) are associated with poorer outcomes in knee osteoarthritis following replacement 

surgery (Arendt-Nielsen et al., 2010) and whiplash associated disorders (Sterling et al., 2005, 

Sterling et al., 2006, Walton et al., 2011b) using QST. A recent moderate quality systematic 

review and meta-analysis by Georgopoulos et al. (2019) has further demonstrated the predictive 

ability of QST and demonstrated a relationship between QST and pain and disability in a variety 

of musculoskeletal conditions including osteoarthritis, lower back pain, whiplash associated 

disorders and post-operative pain. However, further studies are needed to establish whether 

features of CS are present within other subgroups of musculoskeletal trauma, such as fractures 

and whether this influences longer-term outcomes.    
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1.4.3 Location and Extent of Pain  

 

Widespread pain is a clinical feature of CS (Woolf, 2011, Nijs et al., 2014), and pain 

drawings are a useful method to assess the location and extent of pain experienced by the patient 

(Nijs et al., 2014, Barbero et al., 2015). Pain drawings are commonly used in clinical practice, 

traditionally by pen and paper and with reliability established in the 1980s by Margolis et al. 

(1988). Advances in technology have seen the increased use of electronic pain drawings to 

assess the extent of pain (Barbero et al., 2017). Although pain drawings, as with all CS outcome 

measures, can only indicate a presence of CS clinical features, they can be used to assess 

whether the patient perceives pain beyond the site of the injured tissue, which may indicate 

more centrally driven symptoms and CS (Nijs et al., 2014). A recent study by Willett et al. 

(2020) demonstrated how pain extent, measured using electronic pain drawings, was associated 

with other clinical features of CS (e.g. PPT) in patients with hip osteoarthritis. Additionally in 

people with chronic whiplash associated disorders a larger distribution of pain was associated 

with heightened levels of perceived pain, disability, depression and self-efficacy (Falla et al., 

2016). Although this study’s focus was not evaluating CS symptoms directly, it highlights the 

relationship between more widespread pain and higher pain levels and psychological factors. 

 

1.5 Clinical Features of CS 

 The concept of CS has evolved from the original animal and experimental pain studies 

where ‘activity dependant CS’ and the physiological changes was the focus, to the current 

knowledge and understanding of CS as a concept where it is acknowledged multiple factors 

both from peripheral and central drivers can induce and contribute to the maintain CS. 
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Therefore, a diagnosis of CS by one measure is not possible (Arendt‐Nielsen et al., 2017). 

Instead, clinical features discussed in this chapter such as QST to evaluate secondary 

hyperalgesia and temporal summation, and pain drawings to evaluate more widespread pain 

can be evaluated to indicate a presence of CS maybe present. At the acute stage of injury such 

as musculoskeletal trauma, more long term changes of CS such as altered brain activity and 

changes in glial cell activity are unlikely, therefore a focus on the features which represent early 

changes such as secondary hyperalgesia and more widespread pain is appropriate for this stage 

of injury. However, it is important to acknowledge that CS is complex and multifaceted and 

although clinical features can indicate a presence of CS, it cannot be solely used as a diagnosis.   

   

1.6 Central Sensitisation and Musculoskeletal Trauma 

  

Throughout this introductory Chapter, high levels of pain following injury and 

predictive factors in the development of acute to chronic pain have been discussed. CS, which 

is associated with high levels of pain and disability in other populations could offer an 

explanation to the development of chronic pain in musculoskeletal trauma. This Chapter has 

highlighted a notable paucity of studies focused around CS in musculoskeletal trauma such as 

fractures. The use of PROMS, the primary measures used in musculoskeletal trauma, although 

useful to identify self-reported pain intensity, do not offer insight into the mechanisms driving 

symptoms. Having greater insight into the probable mechanisms driving symptoms following 

musculoskeletal trauma using other psychophysical measures such as QST and pain drawings 

allows the opportunity for targeted and personalised management to achieve better outcomes 

(Fillingim et al., 2016).  
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In other populations, evidence of CS has been established, and further that the presence 

of CS is often associated with heightened levels of pain intensity, disability and anxiety and 

depression scores (Imamura et al., 2008, Smart et al., 2012, Klyne et al., 2019). It is therefore 

plausible to suggest that CS could contribute to symptoms and longer-term outcome such as 

chronic pain and disability following musculoskeletal trauma. This has been highlighted in 

whiplash associated disorders, but not within other types of musculoskeletal trauma such as 

fractures. It is currently unknown whether CS exists and contributes to ongoing symptoms 

following musculoskeletal trauma such as fractures and whether features of CS are present 

alongside high pain intensity and psychological features. Although levels of anxiety and 

depression have been captured for major musculoskeletal trauma and has been identified as a 

potential prognostic factor to chronic pain (Rivara et al., 2008), investigations of pain 

mechanisms such as CS are required alongside PROMS to gain a understanding multiple factors 

which could contribute to chronic pain. With a move towards a more mechanistic approach to 

optimise pain management and rehabilitation as suggested by Vardeh et al. (2016), by 

identifying clinical features of CS, this could allow a more targeted approach to management 

following musculoskeletal trauma. This could therefore influence recovery and overall lead to 

more favourable outcomes. 

 

1.6 Aims and Objectives 

  

This thesis forms part of a larger study aimed at developing a screening tool to predict 

the risk of pain and disability following musculoskeletal trauma (Rushton et al., 2018). 
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However, the aims and focus of the thesis differ from this main study with a specific focus here 

being on CS.   

 

1.6.1 Aim of the thesis 

 

To examine measures which characterise CS and determine their measurement 

properties and to investigate the clinical features of CS in a musculoskeletal trauma population 

following injury with a specific focus on lower limb fractures.  

 

1.6.2. Objectives of the thesis 

 

1. Establish CS outcome measures currently being used in musculoskeletal trauma 

populations and their measurement properties 

 

2. Establish the intra and inter-rater reliability of QST in an asymptomatic population, and 

inter-rater reliability in an acute musculoskeletal trauma population 

 

3. Establish the intra and inter-rater reliability of a new method of TS testing in an 

asymptomatic population 

 

4. Investigate features of CS, alongside other measures such as pain, QOL and 

psychological features, soon after musculoskeletal trauma and explore whether these 



22 

 

 

features are more evident in participants who develop greater pain and disability at six 

months 

 

1.7 Thesis Chapter Overview  

 

 Chapter one has given an overall summary of musculoskeletal trauma and CS, setting 

the scene for the future Chapters. Chapter two, a systematic review, focuses on measures of CS 

currently used in musculoskeletal trauma and their measurement properties, in order to answer 

objective one of the thesis. Chapter three focuses on the reliability of QST measures and 

addresses objective two. Specifically, QST measures evaluated will include TPT, PPT and TS 

in an asymptomatic population in which both intra and inter-rater reliability was studied, and 

inter-rater reliability of the same measures studied in an acute musculoskeletal trauma 

population. Following the reliability results of Chapter three, Chapter four addresses objective 

three, and presents a new method of TS whereby both intra and inter-rater reliability of this new 

method was investigated in an asymptomatic population. Chapter five aims to answer objective 

four of the thesis and investigates the clinical features of CS using QST and pain drawings (pain 

extent) alongside other measures such as pain and psychological features. Selected measures, 

including QST and pain extent are collected over two sessions (every 48 hours) to capture any 

possible features of CS in the acute phase following injury, while other measures such as QOL 

and psychological features are captured at baseline. Chapter six, the final Chapter, will present 

a general discussion of the collective research, the strengths and limitations of the work, clinical 

implications and suggestions for future research.  
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CHAPTER 2 

MEASURES OF CENTRAL SENSITISATION AND THEIR 

MEASUREMENT PROPERTIES IN MUSCULOSKELETAL 

TRAUMA: A SYSTEMATIC REVIEW  

 

A systematic review protocol has been published (Middlebrook et al., 2019); the methodology 

of this Chapter is therefore based on this protocol but has been re-worked for the purpose of 

writing this thesis. Reworked sections therefore resemble structure and content of the original 

work. Additionally, this Chapter reports in full the systematic review, which has been submitted 

for publication. The majority of this Chapter is therefore written in verbatim of the submitted 

manuscript for publication. 

 

Publications and Presentations 

1.  Middlebrook N, Rushton AB, Heneghan NR, Falla D (2019) Measures of central 

sensitisation and their measurement properties in the adult musculoskeletal trauma 

population: a protocol for a systematic review and data synthesis. BMJ Open 9 (3) 

e023204 DOI:10.1136/bmjopen-2018-023204 (Appendix 1) 

2. Middlebrook N, Rushton AB, Abichandani D, Kuithan P, Heneghan NR, Falla D 

Measures of central sensitisation and their measurement properties in musculoskeletal 

trauma: a systematic review (Under review) 
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3. Middlebrook N, Heneghan NR, Abichandani D, Kuithan P, Rushton AB, Falla D. 

Measures of central sensitisation and their measurement properties in musculoskeletal 

trauma: a systematic review. (Physiotherapy UK 2020) 
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2.1 Abstract  

 

Chronic pain following musculoskeletal trauma is common, which may partially be 

attributed to the early presence of CS. Multiple measures are suggested to assess clinical 

features of CS, yet no systematic review has yet evaluated the measurement properties of 

measures of CS in a musculoskeletal trauma population. This systematic review, which 

followed a published and PROSPERO registered protocol (CRD42018091531), aimed to 

establish the scope of CS measures used within a musculoskeletal trauma population and to 

evaluate their measurement properties. Searches were conducted in two stages by two 

independent reviewers. The Consensus-based Standards for the selection of Health 

Measurement Instruments (COSMIN) checklist was used to evaluate risk of bias and, overall 

quality was assessed using the modified Grading of Recommendations Assessment, 

Development and Evaluation. From 86 eligible studies, 30 different CS outcome measures were 

identified. Nine studies evaluated measurement properties of nine outcome measures; eight 

evaluated reliability and one evaluated construct validity. Measures included seven QST 

methods (pressure, cold and electrical pain thresholds; warm, cold and vibration detection 

thresholds; vibration perception thresholds), pain drawings and a pinwheel. Risk of bias was 

assessed as doubtful/inadequate for all but one study with overall level of quality of evidence 

as low/very low for all measures. Reliability of measures ranged from poor to excellent. Many 

measures are used to evaluate CS but with limited established measurement properties in 

musculoskeletal trauma populations. High quality methodological research in terms of 

appropriate methods and design to establish measurement properties of CS outcome measures 

is required. 
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2.2 Introduction 

 

As highlighted in Chapter one, pain is common and probable immediately following 

musculoskeletal trauma (Berben et al., 2011, Rushton et al., 2018), with the development of 

chronic pain well reported in this population (Carroll et al., 2008, Rivara et al., 2008, 

Williamson et al., 2009).  CS could offer an explanation for the transition from acute to chronic 

pain but is a complex phenomenon, with outcome measures commonly used to assess clinical 

features of CS such tactile allodynia, secondary hyperalgesia, widespread pain and increase in 

pain from repetitive stimuli (TS) (Latremoliere and Woolf, 2009, Woolf, 2011). 

 

 With complexity around the CS concept, no gold standard measure exists (Neblett, 

2018), with multiple methods to assess the clinical features of CS suggested. These include 

PROMS such as the CSI (Neblett, 2018), QST (Cruz-Almeida and Fillingim, 2014) and pain 

drawings to assess for the presence of widespread pain (Williams, 2018). The lack of consensus 

on the optimal measure to use is highlighted in previous systematic reviews focused on CS and 

conditioned pain modulation as well as the array reported in the literature (Van Oosterwijck et 

al., 2013, Clark et al., 2017).  

 

 For all outcome measures, established measurement properties are required to avoid 

bias and to allow confidence in the findings of the study (Mokkink et al., 2010a). The 

Consensus-based Standards for the selection of Health Measurement Instruments (COSMIN) 

initiative developed a consensus-based taxonomy of measurement properties in order to help 

and improve the selection of outcome measures within health research (Mokkink et al., 2010b). 
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The COSMIN taxonomy encompasses three main domains - reliability, validity and 

responsiveness, with each domain containing one or more measurement properties (Mokkink 

et al., 2010b). More recently, guidelines into conducting systematic reviews on outcome 

measures, and a new tool to assess risk of bias for systematic reviews was developed by 

COMSIN (Prinsen et al., 2018).  

 

 Previous systematic reviews exist whereby attempts have been made to summarise 

evidence of CS in whiplash associated disorders and report the outcome measurements used. 

Van Oosterwijck et al. (2013) highlighted a wide range of outcome measures used, particularly 

the use of QST. Additionally, systematic reviews have evaluated reliability of specific outcome 

measures to measure CS such as thermal QST (Moloney et al., 2012), and conditioned pain 

modulation (Kennedy et al., 2016). A more recent comprehensive systematic review has 

evaluated measurement properties of outcome measures to assess the somatosensory 

abnormalities which could include CS, for peripheral joint pain e.g. osteoarthritis (Alqarni et 

al., 2018). Despite a handful of systematic reviews in this field of research, it has been 

highlighted multiple measures are being used with only a few reviews evaluating measurement 

properties to evaluate CS. Furthermore, although a review has been conducted within the 

whiplash associated disorder population, no systematic review has specifically evaluated what 

outcome measures are being used to measure CS and their measurement properties within 

musculoskeletal trauma more generally to include other subgroups of patients such as fractures 

and more major injuries. A systematic review is therefore needed to synthesise current measures 

used within musculoskeletal trauma to allow a standardised approach and evaluate whether 

these measures have established measurement properties within musculoskeletal trauma 
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populations. Therefore, the aims of this systematic review are to address objective one of the 

thesis and are broken into two aims in this Chapter: 

1. Identify what outcome measures are used within musculoskeletal trauma research to 

evaluate the presence of CS  

2. Investigate whether current CS outcome measures used in musculoskeletal trauma 

research have established measurement properties.  

 

2.3 Methods 

 

2.3.1 Protocol and Registration 

 

This systematic review followed a pre-defined published protocol (Middlebrook et al., 

2019) which was prospectively registered with PROSPERO (CRD42018091531), and is 

reported in line with the Preferred Reporting Items for Systematic Reviews and Meta-Analyses 

(PRISMA) (Moher et al., 2009). No amendments were made to the planned methodology.  

 

2.3.2 Eligibility Criteria 

 

Inclusion Criteria 

 

Population 

 Adults (aged >16 years) who experienced any type of musculoskeletal trauma were 

eligible. This included any musculoskeletal structure involved in a traumatic injury (Clay et al., 
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2010) and was inclusive of subgroups of traumatic injuries, including whiplash associated 

disorders, fractures, gunshot or stab wounds. For studies with a mixed population e.g. 

musculoskeletal trauma and traumatic brain injuries, the sample must have included more than 

90% musculoskeletal trauma; a threshold adopted in previous systematic reviews within major 

musculoskeletal trauma (Clay et al., 2010, Clay et al., 2012). 

 

Studies 

 Any study design apart from case studies, literature and systematic reviews were 

included. For any conference abstracts identified, authors were contacted to confirm whether 

the study had been published. No restriction on length of studies, time points or setting of study 

was observed.  

 

Outcome Measures 

 Any outcome measure evaluating CS was included. A pre-defined criteria for defining 

CS was defined in the review protocol (Middlebrook et al., 2019). In brief, articles were 

included if they made reference to sensitisation of the CNS or reference to symptoms of 

sensitisation such as secondary hyperalgesia. Outcome measures could include any PROMS 

designed to assess CS, performance-based measures such as QST or any measure used to 

evaluate symptoms of CS such as a pain drawing to measure pain extent. This criterion was 

based on current literature and previous systematic reviews in this area of CS research 

(Latremoliere and Woolf, 2009, Woolf, 2011, Nijs et al., 2014, Fingleton et al., 2015, Vardeh 

et al., 2016, Clark et al., 2017).  
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Measurement Properties 

 Any domain or measurement property included in the COSMIN Taxonomy was 

included i.e. reliability, validity and responsiveness (Mokkink et al., 2010b, Mokkink et al., 

2018a).  

 

Exclusion Criteria 

 

 Studies which investigated populations including traumatic brain injury, burns or 

neurological injury were excluded since established PROMS already exist for these subgroups. 

Studies where the full text was not written in English were excluded.  

 

2.3.3 Information Sources 

 

Two searches were conducted in this review: Stage one (inception to 23rd November 2018) 

and Stage two (inception to 21st July 2019). The following databases were included for both 

stages of the review: 

- MEDLINE, EMBASE, CINAHL, ZETOC, Web of Science, PubMed, Google Scholar  

- Hand searching of key journals (Musculoskeletal Science and Practice, PAIN, European 

Journal of Pain, The Journal of Pain, The Clinical Journal of Pain) 

- Grey literature searches including British National Bibliography, Open Grey, ProQuest, 

and EThOS. 

- Leading authors in the field were contacted to ensure most up to date articles were 

obtained.  
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2.3.4 Search Strategy 

 

 This review was conducted in two stages: 

1. Initial search (Stage one) to identify the current CS measures used in the 

musculoskeletal trauma population.  

2. Secondary search (Stage two) to identify studies evaluating measurement properties of 

the measures identified in stage one.  

An example of the search strategy for MEDLINE for both stages can be found in the 

published protocol (Middlebrook et al., 2019). This search strategy was adapted for each 

database to allow for database search term variation.  

 

2.3.5 Study Selection 

 

 For both stages two independent reviewers (Stage one NM/PK, Stage two NM/DA) 

searched information sources and reviewed titles and abstracts to evaluate whether articles were 

include/exclude/unsure based on the pre-defined eligibility criteria. Full text was sought for any 

articles which could not be excluded based on information in the abstract. Full text screening 

was conducted in the same independent manner. Articles were included if both reviewers agreed 

on eligibility. A third reviewer (AR, methodological expert) was consulted in the event of 

disagreement throughout the stages of the review. Authors were contacted if full texts were 
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unavailable or, if further clarification was required on the study population. In the situation of 

two failed attempts to contact authors, an article was excluded.  

 

2.3.6 Data Collection Process   

 

 Two reviewers (NM/DA) extracted data for both stages of the review using a 

standardised form. Authors were contacted if further information was required. The same 

procedure was followed whereby authors were contacted twice.  

 

2.3.7 Data Items 

 

 Extracted data items from included studies for both stages of the review included study 

characteristics (study design, sample size, country of study), participant characteristics (age, 

gender, type and mechanism of trauma, duration of symptoms) and outcome measures (CS 

outcome measures and other outcome measures used). For stage two, additional data items 

specific to measurement properties were extracted including: time points, measurement 

property, statistical analyses and results.   

 

2.3.8 Risk of Bias in Individual Studies 

 

 The COSMIN Risk of Bias Checklist for systematic reviews (Mokkink et al., 2018a) 

was used to assess risk of bias in individual studies. The new COSMIN risk of bias checklist 

was used in this review, which was originally designed for PROMS.  However, it is 
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recommended that the tool can be adapted for other measures (Prinsen et al., 2018), and a pilot 

was conducted prior to the review to test the tool’s suitability. Two reviewers (NM/DA) 

independently assessed risk of bias. The third reviewer (AR) was available in an event of 

disagreement between reviewers.  

 

2.3.9 Summary Measures 

 

 For reliability statistics including intraclass correlation coefficients (ICCs) and Kappa 

coefficients, results and confidence intervals (95% CIs) are presented where possible. 

 

2.3.10 Synthesis of Results 

 

 Due to the heterogeneity of the studies (study population, outcome measures, data 

analysis), meta-analysis was not possible and therefore a narrative synthesis was conducted. 

Narrative synthesis was completed in line with the COSMIN Guidelines for Systematic 

Reviews (Mokkink et al., 2018b). The COSMIN Risk of Bias checklist was completed and 

results of the studies was rated against the pre-defined criteria by COSMIN for good 

measurement properties (Mokkink et al., 2018b, Prinsen et al., 2018). The studies were then 

synthesised per outcome measure and per measurement property, and then rated overall against 

the criteria for good measurement properties (Mokkink et al., 2018b). Overall quality of 

evidence was then assessed using the modified Grading of Recommendations Assessment, 

Development and Evaluation (GRADE) approach (Prinsen et al., 2018). The modified GRADE 

approach has been specifically adapted by COSMIN and, uses four of the five GRADE factors: 
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risk of bias, inconsistency, imprecision and indirectness (Prinsen et al., 2018). Inclusion of 

publication bias is not appropriate for this type of systematic review due to a lack of study 

register for measurement properties (Prinsen et al., 2018).  

 

2.4 Results 

 

2.4.1 Study Selection 

 

Stage One 

 

 Figure 2.1 summarises the articles included at each stage of the review. A total of 3330 

articles were screened at title and abstract, with 142 assessed at full text stage. A total of 104 

articles met the eligibility criteria. Twenty articles were identified in which the same dataset(s) 

of other articles identified eligible were used, with authors being contacted for further 

clarification when required, and subsequently excluded if the same dataset was used. However, 

two articles (Coppieters et al., 2017, Ris et al., 2018) used different outcome measures for CS 

and were therefore included. A total of 86 studies were included. Figure 2.1 summarises the 

reasons for exclusion at full text stage. 
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Figure 2.1: Flow diagram summarising numbers of articles included at each stage of the 
review for stage 1 (Moher et al., 2009) 
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Stage Two 

 

Figure 2.2 summarises the articles included at each stage of the review. A total of 12,114 

articles were screened at title and abstract stage, with 125 assessed at full text stage. For 29 

articles, the population was unclear on whether it included more than 90% musculoskeletal 

trauma. Therefore, in order to ensure all relevant articles were included authors were contacted 

for further information on the cohort of the articles. Of these 29, seven authors did not respond 

(Margolis et al., 1986, Margolis et al., 1988, Reigo et al., 1998, Biurrun Manresa et al., 2011, 

Myburgh et al., 2011, O'Neill et al., 2014, Vuilleumier et al., 2015), and for one article, the 

authors were not contactable (Cummings and Routan, 1987). Therefore, the population for these 

articles were not able to be confirmed and subsequently were excluded.  In the instance where 

a conference abstract only was identified (n=6), authors were contacted to confirm if a full text 

was available. Three authors were not contactable (Cummings and Routon, 1985, Fricton and 

Schiffman, 1986, Christiansen et al., 2017), and one did not respond (Starz et al., 1995) and 

were therefore excluded. Two full texts were not available, and authors were not contactable 

(Blasco and Bayes, 1988) or did not respond (Lahoda et al., 1977) and they were not included. 

A total of nine studies were included, with Figure 2.2 summarising the reasons for exclusion 

for the remaining studies.   
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Figure 2.2: Flow diagram summarising numbers of articles included at each stage of the 
review for stage 2 (Moher et al., 2009) 
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2.4.2 Study Characteristics  

 

Stage One 

 

 A summary of the CS measures used in all of the included studies is reported in Table 

2.1. From the 30 different measures reported, three subcategories were derived - QST, PROMS 

and other.  QST was the most frequently used of the subcategories. The most frequently used 

measurement of CS overall was PPT using a handheld algometer (n=62). Cold pain thresholds 

(CPT) was the second most common method (n=32). Populations studied included, whiplash 

associated disorders (n=74), fractures (n=6), soft tissue injuries (n=2), foot and ankle trauma 

(n=1) and traumatic amputation (n=1).  Descriptive data for the included studies can be found 

in appendix 2.  

 

CS Outcome 
Measure 

Equipment Used Studies  

Patient Reported Outcome Measures 
Central 
Sensitisation 
Inventory 

Questionnaire Coppieters et al. (2017), De Pauw et al. (2018) 

Quantitative Sensory Testing 
Antinociceptive 
Reflex 

Electrocutaneous 
Stimulation 

Keidel et al. (2001) 

Cold Pain 
Threshold 

Thermal Analyzer Börsbo et al. (2012), Chien et al. (2009), Chien 
et al. (2010), Chien and Sterling (2010), 
Dunne-Proctor et al. (2016), Edeni (2013), 
Griffioen et al. (2018), Hall et al. (2016), Jull 
et al. (2007), Li et al. (2015), Maxwell and 
Sterling (2013), Ng et al. (2014), Pedler et al. 
(2013), Pedler et al. (2016), Raak and Wallin 
(2006), Rivest et al. (2010), Rushton et al. 
(2014) Schneider et al. (2010), Scott et al. 
(2005), Smith et al. (2017), Smith et al. (2013), 
Smith et al. (2015), Sterling (2010), Sterling et 
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al. (2013), Sterling et al. (2016), Sterling et al. 
(2011), Sterling et al. (2012), Sterling et al. 
(2008), Sterling et al. (2006), Sterling et al. 
(2010), Wallin et al. (2012) 

Cold Detection 
Threshold 

Thermal Analyzer Chien et al. (2009), Chien et al. (2010), Chien 
and Sterling (2010), Griffioen et al. (2018), Li 
et al. (2015), Raak and Wallin (2006), Sterner 
et al. (2001), Wallin et al. (2012) 

Cold Pressor 
Test (Pain 
Tolerance) 

Ice Bath Kasch et al. (2005), Myrtveit et al. (2016), Ng 
et al. (2014) 

Cold Pressor 
Test (Pain 
Threshold) 

Ice Bath Ng et al. (2014) 

Conditioned 
Pain Modulation 
(Cold) 

Cold Pressor Test (Ice 
bath) 

Coppieters et al. (2017), Coppieters et al. 
(2018), Smith et al. (2017) 

Conditioned 
Pain Modulation 
(Cuff) 

Cuff Algometer Coppieters et al. (2016), Daenen et al. (2014), 
Ickmans et al. (2017), Meeus et al. (2015), 
Tobbackx et al. (2013) 

Conditioned 
Pain Modulation 
(Heat) 

Warm water bath Ng et al. (2014) 

Electrical Pain 
Thresholds 

Electrocutaneous 
Stimulation 

Banic et al. (2004), Chien et al. (2009), 
Lemming et al. (2005), Li et al. (2015), Vallez 
Garcia et al. (2016) 

Electrical Pain 
Thresholds 

Pain Matcher Käll et al. (2008) 

Electrical Pain 
Thresholds 

Intramuscular Kosek and Januszewska (2008), Lemming et 
al. (2005), Lemming et al. (2007) 

Electrical 
Perception & 
Detection 
Thresholds 

Electrocutaneous 
stimulation 

Chien et al. (2009) Chien et al. (2010), Chien 
and Sterling (2010), Griffioen et al. (2018), Li 
et al. (2015), Vallez Garcia et al. (2016) 

Electrical 
Perception & 
Detection 
Thresholds 

Intramuscular Curatolo et al. (2001), Kosek and Januszewska 
(2008) 

Electrical 
Disappearance 
Thresholds 

Electrocutaneous 
stimulation 

Chien and Sterling (2010) 

Heat Pain 
Threshold 

Thermal Analyzer Birklein et al. (2001), Börsbo et al. (2012), 
Chien et al. (2009) Griffioen et al. (2018), Hall 
et al. (2016), Harvold et al. (2018), Li et al. 
(2015), Ng et al. (2014), Raak and Wallin 
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(2006), Scott et al. (2005), Smith et al. (2017), 
Smith et al. (2013), Smith et al. (2015), 
Sterling et al. (2013), Sterling et al. (2016), 
Sterling et al. (2008), Sterling et al. (2006), 
Sterling et al. (2010), Wallin et al. (2012) 

Heat/Warm 
Detection 
Threshold 

Thermal Analyzer Chien et al. (2009) Chien et al. (2010), Chien 
and Sterling (2010), Griffioen et al. (2018), 
Harvold et al. (2018), Li et al. (2015), Raak 
and Wallin (2006), Sterner et al. (2001), 
Wallin et al. (2012) 

Mechanical 
Impact 

Plastic Cylinders Birklein et al. (2001) 

Nociceptive 
Flexor 
Withdrawal 
Reflex 

Electrocutaneous 
Stimulation 

Banic et al. (2004), Courtney et al. (2011), 
Smith et al. (2013), Smith et al. (2015), 
Sterling (2010), Sterling et al. (2008), Sterling 
et al. (2010) 

Pain Tolerance Algometer Herren-Gerber et al. (2004), Olivegren et al. 
(1999), Stude et al. (2004) 

Pain Tolerance Computerised 
Algometer 

Nebel et al. (2005) 

Pain Tolerance Cuff Algometer Lemming et al. (2012)  
Pain Tolerance Heat – thermal 

analyzer 
Curatolo et al. (2001) 

Pin Prick 
Thresholds 

Von 
Frey/Monofilaments 

Griffioen et al. (2018), Johansen et al. (1999), 
Scott et al. (2005), Wienemann et al. (2014) 

Pressure 
Induced 
Referred Pain 

Algometer Doménech-García et al. (2018) 

Pressure Pain 
Threshold 

Algometer Banic et al. (2004), Börsbo et al. (2012), 
Castaldo et al. (2018), Chien et al. (2009), 
Chien et al. (2010), Chien and Sterling (2010), 
Christensen et al. (2017), Coppieters et al. 
(2016), Coppieters et al. (2017), Coppieters et 
al. (2018), Daenen et al. (2014), De Kooning et 
al. (2017), Doménech-García et al. (2018), 
Dunne-Proctor et al. (2016), Edeni (2013), 
Fernandez-Perez et al. (2012), Gerdle et al. 
(2008), Griffioen et al. (2018), Hagstrom and 
Carlsson (1996), Hall et al. (2016), Herren-
Gerber et al. (2004), Ickmans et al. (2017), 
Johansen et al. (1999), Jull et al. (2007), 
Kamper et al. (2011), Kasch et al. (2005), 
Larsen et al. (2016), Larsen et al. (2018), 
Lemming et al. (2005), Lemming et al. (2007), 
Meeus et al. (2015), Ng et al. (2014), 
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Olivegren et al. (1999), Pedler et al. (2013), 
Pedler et al. (2016), Peña-Salinas et al. (2017), 
Ramiro-González et al. (2012), Rickard and 
Sterling (2005), Ris et al. (2017), Rivest et al. 
(2010), Schneider et al. (2010), Scott et al. 
(2005), Smith et al. (2017), Smith et al. (2013), 
Smith et al. (2015), Sterling (2010), Sterling et 
al. (2013), Sterling et al. (2016), Sterling et al. 
(2011), Sterling et al. (2008), Sterling et al. 
(2006), Sterling et al. (2010), Sterling et al. 
(2002a), Stude et al. (2004), Tobbackx et al. 
(2013), Van Oosterwijck et al. (2011), Van 
Oosterwijck et al. (2012), Wallin et al. (2012), 
Walton et al. (2011b), Watson and Drummond 
(2016), Wienemann et al. (2014) 

Pressure Pain 
Threshold 

Cuff Algometer Ickmans et al. (2017), Lemming et al. (2012) 

Spatial 
Summation 

Cuff Algometer Lemming et al. (2012) 

Stimulus 
Response (PPT 
Vs VAS Rating) 

PPT Kasch et al. (2008)  

Tactile 
Sensation 
Threshold & 
Mechanical 
Detection 
Threshold 

Von 
Frey/Monofilaments 

Griffioen et al. (2018), Johansen et al. (1999), 
Li et al. (2015),  

Temporal 
Summation 
(mechanical) 

Algometer Coppieters et al. (2016), Daenen et al. (2014), 
Ickmans et al. (2017), Meeus et al. (2015), 
Tobbackx et al. (2013) 

Temporal 
Summation 
(mechanical) 

Cuff Algometer Lemming et al. (2012) 

Temporal 
Summation 
(electrical) 

Electrocutaneous 
& Transcutaneous 
stimulation 

Banic et al. (2004), Curatolo et al. (2001), 
Lemming et al. (2005) 

Temporal 
Summation 
(electrical) 

Intramuscular Curatolo et al. (2001), Lemming et al. (2005), 
Lemming et al. (2007) 

Touch 
Sensibility 

Cotton Swab Johansen et al. (1999) 

Vibration 
disappearance 
thresholds 

Vibrameter Chien et al. (2009), Chien et al. (2010), Chien 
and Sterling (2010), Rushton et al. (2014), 
Sterner et al. (2001) 
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Vibration 
perception & 
detection 
thresholds 

Tuning Fork Edeni (2013), Griffioen et al. (2018), 
Wienemann et al. (2014) 

Vibration 
perception & 
detection 
thresholds 

Vibrameter Chien et al. (2009), Chien et al. (2010), Chien 
and Sterling (2010), Rushton et al. (2014), 
Sterner et al. (2001) 

Other Measures 
Allodynia 
Assessment 

Wartenberg pinwheel Bock et al. (2005) 

Brachial Plexus 
Provocation 
Test (BPPT) 

N/A Chien et al. (2009), Chien et al. (2010), Chien 
and Sterling (2010), Ferrari (2012), Ng et al. 
(2014), Rickard and Sterling (2005), Smith et 
al. (2013), Smith et al. (2015), Sterling et al. 
(2006), Sterling et al. (2002b), Van 
Oosterwijck et al. (2011) 

Experimental 
Pain (QST) with 
FMRi 

fMRI/QST Sterling et al. (2016) 

Pain Drawing 
(pain extent & 
distribution) 

Paper Castaldo et al. (2018), Hagstrom and Carlsson 
(1996), Holm et al. (2007), Johansen et al. 
(1999), Kosek and Januszewska (2008), 
Olivegren et al. (1999) 

Pain Drawing 
(pain extent & 
distribution) 

Electronic Falla et al. (2016), Ris et al. (2018) 

Saline Induced 
Muscle Pain 

Saline Injection Johansen et al. (1999), Lemming et al. (2005), 
Lemming et al. (2007), Lemming et al. (2012) 

Tender/Trigger 
Point 
Assessment 

Palpation Castaldo et al. (2018), Kasch et al. (2008) 

Table 2.1: Summary of central sensitisation outcome measures in stage one 
 

Stage Two 

 

 Tables 2.2 and 2.3 summarise the study characteristics and results of the included nine 

studies. Six studies investigated whiplash associated disorders (Bock et al., 2005, Prushansky 

et al., 2007, Käll et al., 2008, Southerst et al., 2013, Rushton et al., 2014, Tyros et al., 2016). 
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The remaining three studies investigated fractured wrists (Saebo et al., 2019), complex regional 

pain syndrome (Kemler et al., 2000), and a mixed cohort of neck and shoulder pain (Bertilson 

et al., 2003). Eight studies investigated reliability (Kemler et al., 2000, Bertilson et al., 2003, 

Bock et al., 2005, Käll et al., 2008, Prushansky et al., 2007, Southerst et al., 2013, Tyros et al., 

2016, Saebo et al., 2019), one investigated validity (Rushton et al., 2014) and no studies 

evaluated responsiveness. CS measures investigated were PPT, (Prushansky et al., 2007, Saebo 

et al., 2019) pinwheel to evaluate allodynia and sensitivity to pain, (Bertilson et al., 2003, Bock 

et al., 2005) vibration perception (Rushton et al., 2014) and disappearance thresholds, (Rushton 

et al., 2014, Tyros et al., 2016) electrical pain thresholds, (Käll et al., 2008) warm and cold 

detection thresholds, (Kemler et al., 2000) CPT, (Rushton et al., 2014) and pain drawings to 

evaluate widespread pain/distribution (Southerst et al., 2013). 
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2.4.3. Risk of Bias in Individual and Across Studies 

 

 Table 2.4 summarises the risk of bias for individual studies categorised per outcome 

measure and measurement property. Overall, the risk of bias of individual studies across the 

modalities for reliability and measurement error was rated as doubtful or inadequate. For 

validity the risk of bias for the one study was rated as very good. Overall quality across studies 

is summarised in Table 2.4. Overall all outcome measures were rated as low or very low for 

overall quality. 

 

2.4.4 Results of Individual Studies 

 

 Table 2.3 summarises the measurement property, methodology statistical measures and 

results of individual studies



48 

   Study 
M

easurem
ent 

Property 
R

aters &
 

Testing 
schedule  

G
roups 

Sites Tested 
Statistical 
m

easures 
R

esults 

Bertilson et 
al. (2003) 

Reliability 
(inter-rater) 
  

2 raters 
 Sam

e day 
testing 
 Tim

e 
Interval: not 
reported 
  

W
ith 

clinical 
history 
 W

ithout 
clinical 
history 

W
ithin 

derm
atom

e of: 
Chin (C2) 
N

eck (C3) 
Shoulder (C4) 
U

pper arm
 (C5) 

Thum
b (C6) 

M
iddle finger 

(C7) 
Little finger 
(C8) 
A

xilla (T2) 
Chest (T4) 
Foot (L5) 

O
verall 

agreem
ent %

 
 K

appa 
coefficients 
 

O
verall agreem

ent: 
W

ithout history: 81%
 

W
ith history: 84%

 
K

appa coefficient (SD
): 

W
ithout history 0.57 (0.12) 

W
ith history 0.67 (0.11) 

Bock et al. 
(2005) 

Reliability 
(inter-rater) 
  

2 raters 
 Sam

e day 
testing 
 Tim

e interval: 
w

ithin 5 
m

inutes 

1 group 
T1-T12 spinal 
processes 

K
appa 

coefficients 
K

appa (95%
 CI) 

0.8039 (0.7465,0.8163) 

K
äll et al. 

(2008) 
Reliability 
(intra-rater) 

1 rater 
 

1 group 
D

evice placed 
betw

een right 
Relative rank 
variance (RV

) 
RV

 (SE, 95%
 CI): 

0.10 (0.06, 0.00,0.22) 
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Sam

e-day 
testing 
 Tim

e 
Interval: 5 
m

inutes  

thum
b and index 

fingers 
 

Relative 
concentration 
(RC) 
Relative position 
(RP) 

RC (SE, 95%
 CI) 

0.07 (0.06, 0.18, 0.05) 
RP (SE, 95%

 CI) 
0.16 (0.05, 0.25, -0.07) 
 

K
em

ler et 
al. (2000) 

Reliability 
(Intra-rater) 
  

1 rater 
 Betw

een day 
testing 
 Tim

e 
Interval: 1 
m

onth 

1 group 
consisting 
of CRPS 
w

ith either 
foot or 
hand. 
 2 m

ethods 
assessed: 
M

LE &
 

M
LI.  

Foot and w
rist 

bilaterally 
depending on 
CRPS 
presentation 

Coefficient of 
repeatability 

Cold perception threshold 
M

LE 
U

naffected w
rist 0.8 

A
ffected w

rist 0.7 
U

naffected foot 4.1 
A

ffected foot 5.8 
M

LI 
U

naffected w
rist 2.3 

A
ffected w

rist 3.7 
U

naffected foot 5.3 
A

ffected foot 3.4 
 W

arm
 detection Threshold 

M
LE 

U
naffected w

rist 1.0 
A

ffected w
rist 2.0 

U
naffected foot 5.4 

A
ffected foot 4.2 

M
LI 

U
naffected w

rist 1.7 
A

ffected w
rist 5.0 

U
naffected foot 2.9 
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A
ffected foot 4.4 

Prushansky 
et al. (2007) 

Reliability 
(Intra and 
Inter-rater) 
  

2 raters 
 Inter rater: 
sam

e day 
Tim

e interval: 
15 m

inutes  
 Intra-rater: 
M

ean (SD
) 

7.9 (1.9) days 
after test 1  

1 group 
C2, C4, C6 
bilaterally 

Pearson’s 
product m

om
ent 

correlation 
coefficient 
(Pearson r) 
 ICC (2,k)  
 SEM

 
 SRD

 
 LO

A
’s 

Intra-rater 
Pearson r 
C2 R=0.76 L=0.78 
C4 R=0.83 L=0.85 
C6 R=0.82 L=0.81 
ICC  
C2 R=0.85 L=0.86 
C4 R=0.9 L=0.91 
C6 R=0.9 L=0.89 
SEM

/SRD
 (kPa) 

C2 R=15.3/42.4 L=14.5/40.2 
C4 R=17.6/48.7 L=16.7/46.3 
C6 R=21.3/46.3 L=21.7/58.4 
 Inter-rater (ICC) 
C2 R=0.88 L=0.97 
C4 R=0.90 L=0.93 
C6 R=0.97 L=0.96 

Rushton et 
al. (2014) 

D
iscrim

inative 
(construct) 
validity 

1 session 
W

hiplash 
and control 
group 

V
ibration 

thresholds – 
thenar and 
hypothenar 
em

inence 
CPT’s thenar 
em

inence, dorsal 
aspect of 5

th 
m

etacarpal and  

A
ssociations-

K
endall’s tau 

 Logistic 
regression/ 
H

osm
er-

Lem
eshow

 test. 

A
ssociations: 

M
oderate association of vibration 

threshold and local sites  
M

oderate to very high association 
betw

een CPT and thenar em
inence  

V
T or CPT at thenar em

inence 
discrim

inated betw
een groups  

H
osm

er-Lem
eshow

 X
2 (df,p) 

V
T 4.311 (8, .828) 
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rem
ote site of 

m
id cervical 

spine 

CPT 3.432 (8, .904) 

Saebo et al. 
(2019) 

Reliability 
(Intra and 
Inter-rater) 

3 raters (A
, B, 

C) 
 Sam

e day  
 Tim

e 
Interval: 3-5 
m

inutes  

1 group 
D

orsal side of 
radius, m

id 
position 
perpendicular to 
healing fracture 
line. M

im
icked 

position on 
injured side  

ICC (1,1)  (95%
 

CI) 
 ICC (3,1)  (95%

 
CI) 
 M

D
C 

Intra-rater 
Injured W

rist 
Rater A

 ICC
(1,1) =0.825 (0.737,0.886) ICC 

(3,1) =0.824 (0.735,0.885). M
D

C=63.3 
Rater B ICC

(1,1) = 0.640 (0.444,0.778) 
ICC

(3,1) =0.636 (0.437,0.776). 
M

D
C=138.5 

Rater C ICC
(1,1) = 0.860 (0.711, 0.935) 

ICC
(3,1) =0.855 (0.698,0.933). M

D
C=78.9 

N
on-Injured W

rist 
Rater A

 ICC
(1,1) =0.765 (0.653,0.845) 

ICC
(3,1) =0.776 (0.640,0.868). M

D
C=98.8 

Rater B ICC
(1,1) =0.667 (0.480,0.796) 

ICC
(3,1) =0.669 (0.482,0.798). 

M
D

C=162.8 
Rater C ICC

(1,1) =0.843 (0.679,0.927) 
ICC

(3,1) =0.841 (0.672,0.927). M
D

C=86.5 
Inter Rater 
Injured W

rist 
Rater A

-B ICC
(1,1) =0.617 (0.413,0.763) 

ICC
(3,1) =0.778 (0.640,0.868). 

M
D

C=120.1 
Rater A

-C ICC
(1,1) =0.706 (0.443, 0.858) 

ICC
(3,1) =0.737 (0.488,0.875). 
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M
D

C=111.8 
N

on Injured W
rist 

Rater A
-B ICC

(1,1) =0.551 (0.326, 0.717) 
ICC

(3,1) =0.585 (0.369,0.741). 
M

D
C=157.7 

Rater A
-C ICC

(1,1) =0.710 (0.450, 0.860) 
ICC

(3,1) =0.714 (0.451, 0.863). 
M

D
C=114.6 

Southerst et 
al. (2013) 

Reliability 
(inter-rater 
and inter-
m

ethod) 

2 raters 
 Sam

e day 
 Tim

e 
Interval: 
draw

ings 
com

pleted ,1 
m

inute after 

1 group 
N

/A
 

ICC
(2,1)  (95%

 CI) 
 LO

A
 using Bland 

A
ltm

an Plots 

Inter-rater 
Paper version ICC (CI) = 0.925 
(0.901,0.946) 
Electronic version ICC (CI) = 0.997 
(0.995,0.998) 
M

ean difference and LO
A

: 
Paper version: -0.56 +/- 6.5%

 
Electronic version: -1.18 +/- 7.8%

 
Inter-m

ethod  
Exam

iner 1 ICC=0.63 (0.54,0.72) 
Exam

iner 2 ICC=0.90 (0.87,0.93) 
M

ean difference and LO
A

: -Exam
iner 1 

0.51 +/- 11.7%
 

Exam
iner 2 0.19 +/- 13.3%

 
Tyros et al. 
(2016) 

Reliability 
(intra and 
inter-rater) 

2 raters 
 Sam

e day 
  Tim

e 
Interval: 1 

1 group 
Thenar 
em

inence  
ICC (2,1) (95%

 CI)  
 SEM

 
 LO

A
 using Bland 

A
ltm

an Plots 

Intra-rater:  
Rater 1 ICC=0.972 
Rater 2 ICC=0.955 
Inter-rater: 
ICC=0.983 (0.971, 0.991) 
SEM

 0.358 
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m
inute 

betw
een 3 

m
easurem

ents 
for intra-rater, 
5 m

inutes 
betw

een 
raters 

True SEM
 0.702 

LO
A

 U
pper lim

it 4.415. Low
er Lim

it -
2.899 

Table 2.3 Sum
m

ary of m
easurem

ent property results of included studies in stage tw
o 

C, Cervical; CI, Confidence Interval; CPT, Cold Pain Threshold; df; degrees of freedom
 for w

ald test, ICC, Intraclass correlation coefficient; LO
A

, 
Lim

its of A
greem

ent; L, lum
bar; M

D
C, M

inim
al D

etectable Change; M
LE, m

ethod of levels; M
LI, m

ethod of lim
its; SE, Standard Error; SEM

, 
Standard Error of M

easurem
ent; SRD

, Sm
allest Real D

ifference; T, thoracic; V
T, V

ibration threshold 
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2.4.5 Synthesis of Results 

 

Validity 

 

No studies were identified which evaluated content validity or criterion validity, with 

just one study focused on construct validity (Rushton et al., 2014).  

 

Construct Validity 

 One study evaluated discriminative validity (subgroup of construct validity) (Rushton 

et al., 2014), assessing whether sensory evaluation (vibration perception and detection 

thresholds and CPT) could discriminate between whiplash and control participants. Results 

indicated that vibration detection and CPT were not supported in identification of whiplash 

associated disorders. Individual risk of bias was rated as very good and indeterminate for the 

COSMIN good criteria for good measurement properties. Overall, low quality evidence 

supports that sensory evaluation cannot discriminate between whiplash associated disorders 

and control participants.  

 

Reliability and Measurement Error 

 

Cold and Warm Detection Thresholds 

 One study evaluated intra-rater reliability of cold and warm detection thresholds using 

a thermosensory stimulator (Kemler et al., 2000), reporting poor reliability, more so with the 

lower limb sites compared to upper limb sites. This study was rated as inadequate for risk of 

bias, and indeterminate on the COSMIN criteria for good measurement properties due to the 
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statistical measures used. Very low-quality evidence overall indicates very little confidence in 

the reliability estimate of both cold and warm detection thresholds within a musculoskeletal 

trauma population. No studies evaluated measurement error for both of these outcome 

measures. 

 

Electrical Pain Thresholds 

 One study evaluated intra-rater reliability of electrical pain thresholds using a new 

device called the Pain Matcher (Cefar Medical AB, Lund, Sweden) (Käll et al., 2008). Overall 

conclusions reported some systematic differences between scores in both sessions. Risk of bias 

was rated as inadequate with a rating of indeterminate on the COSMIN criteria for good 

measurement properties due to statistical methods used. Overall, very low-quality evidence 

indicates very little confidence in the reliability estimate of electrical pain thresholds using this 

particular device within a musculoskeletal trauma population. No studies were identified for 

measurement error with this outcome measure.  

 

Pain Distribution 

 One study evaluated inter-rater and inter-method (paper vs electronic) reliability of pain 

distribution using pain drawings with overall conclusions reported as good to excellent 

reliability for both inter-rater and inter-method reliability (Southerst et al., 2013). Risk of bias 

was rated doubtful, inter-rater rated as sufficient and inter-method rated as insufficient on the 

COSMIN criteria for good measurement properties. Very low overall quality indicates very 

little confidence in the reliability estimate of pain drawings either inter-rater or inter-method 

within the musculoskeletal trauma population. Measurement error was evaluated in the same 

study with results summarised in Table 2.4 (Southerst et al., 2013). Risk of bias was rated as 
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doubtful, with the COSMIN criteria for good measurement properties rated as indeterminate. 

The very low overall quality indicates little confidence in the measurement error of pain 

drawings within the musculoskeletal trauma population. 

 

Pinwheel 

 Two studies evaluated inter-rater reliability for the pinwheel (Wartenberg Pinwheel 

(Bock et al., 2005), the other study did not state type of pinwheel (Bertilson et al., 2003). One 

reported evaluating specifically allodynia (Bock et al., 2005) with the other study reported 

evaluating sensitivity to pain (Bertilson et al., 2003). Although different wording to report 

methods was used within studies, methodology for both studies was deemed similar whereby a 

‘response’ from the participant was sought, therefore results from the studies were narratively 

synthesised. Both studies reported good (Bock et al., 2005) and adequate reliability (Bertilson 

et al., 2003). The overall agreement was reported in one study (Bertilson et al., 2003) with 

>80% agreement between raters. Risk of bias was rated as doubtful for both studies (Bertilson 

et al., 2003, Bock et al., 2005). One study was rated sufficient (Bock et al., 2005) and one 

insufficient (Bertilson et al., 2003) on the COSMIN criteria for good measurement properties. 

Low overall quality for the pinwheel indicates limited confidence in the reliability of the 

pinwheel within the musculoskeletal trauma population.  

 

 The same studies investigated measurement error (Bertilson et al., 2003, Bock et al., 

2005). For risk of bias, one study was rated doubtful (Bertilson et al., 2003), and one inadequate 

(Bock et al., 2005). Both studies were rated indeterminate for the COSMIN criteria for good 

measurement properties. Low overall quality indicates limited confidence in measurement error 

estimate for the pinwheel within the musculoskeletal trauma population.  
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Pressure Pain Threshold 

 Two studies evaluated intra and inter-rater reliability of PPT, both reporting adequate 

reliability. Both used a handheld algometer (Somedic type II, Sweden) for testing. Risk of bias 

was rated inadequate (Prushansky et al., 2007) and doubtful (Saebo et al., 2019) for both intra 

and inter-rater reliability. For intra-rater reliability, with one study was rated sufficient 

(Prushansky et al., 2007) and one insufficient (Saebo et al., 2019) on the COSMIN criteria for 

good measurement properties with both studies rating sufficient for inter-rater reliability 

(Prushansky et al., 2007, Saebo et al., 2019). Very low overall quality for both intra and inter-

rater reliability for PPT indicates very limited confidence in the reliability estimate within the 

musculoskeletal trauma population.  

 

 The same studies investigated measurement error (Prushansky et al., 2007, Saebo et al., 

2019), with results summarised in Table 2.3. For risk of bias, one study was rated inadequate 

(Prushansky et al., 2007) and the other study was rated doubtful (Saebo et al., 2019). Both 

studies were rated as indeterminate for the COSMIN criteria for good measurement properties. 

Very low overall quality indicates very little confidence in measurement error estimates within 

the musculoskeletal trauma population. 

 

Vibration detection Thresholds 

 One study evaluated intra and inter-rater reliability of vibration detection thresholds 

using a 128Hz tuning fork (Ragg Gardiner Brown Co) (Tyros et al., 2016). Overall conclusions 

were reported as excellent intra and inter-rater reliability. Risk of bias was rated as doubtful 

and a rating of sufficient for COSMIN criteria for good measurement properties. Very low 
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overall quality indicates very little confidence in the reliability estimate for vibration detection 

thresholds within the musculoskeletal trauma population. 

 

 Measurement error was calculated in the same study including limits of agreement 

(LOA) using Bland Altman plots, and standard error of measurement (SEM) (Tyros et al., 

2016). Risk of bias was rated as doubtful, and COSMIN criteria for good measurement 

properties rated as indeterminate. Very low overall quality indicates very little confidence in 

the measurement error of vibration detection thresholds within the musculoskeletal trauma 

population.  

 

Responsiveness 

 

 No studies were identified which evaluated responsiveness.  

 
Measurement 
property outcome 
measure 

Study Risk of Bias Criteria of 
good 
measurement 
properties 

Overall 
Rating 

Quality 
of 
evidence 

Reliability 
Cold Detection 
Thresholds 
Intra-rater 

Kemler et al. 
(2000) 

Inadequate ? ? Very low 

Electrical Pain 
Thresholds 
Intra-rater  

Käll et al. 
(2008) 

Inadequate ? ? Very low 

Pain Distribution 
Inter-method 

Southerst et 
al. (2013) 

Doubtful - - Very Low 

Pain Distribution 
Inter-rater 

Southerst et 
al. (2013) 

Doubtful + + Very Low 

Pinwheel 
Inter-rater 

Bertilson et 
al. (2003) 

Doubtful - + Low 

Bock et al. 
(2005) 

Doubtful + 

Pressure Pain 
Thresholds 

Prushansky 
et al. (2007) 

Inadequate + + Very low 
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Intra-rater 
 

Saebo et al. 
(2019) 

Doubtful - 

Pressure Pain 
Thresholds 
Inter-rater 

Prushansky 
et al. (2007) 

Inadequate + + Very low 

Saebo et al. 
(2019) 

Doubtful + 

Vibration 
Detection 
Thresholds 
Intra-rater 

Tyros et al. 
(2016) 

Doubtful + + Very low 

Vibration 
Detection 
Thresholds 
Inter-rater 

Tyros et al. 
(2016) 

Doubtful + + Very low 

Warm detection 
Thresholds 
Intra-rater 

Kemler et al. 
(2000) 

Inadequate ? ? Very low 

Measurement Error 
Pain Distribution Southerst et 

al. (2013) 
Doubtful ? ? Very Low 

Pinwheel Bertilson et 
al. (2003) 

Doubtful ? ? Low 

Bock et al. 
(2005) 

Inadequate ? 

Pressure Pain 
Thresholds 

Prushansky 
et al. (2007) 

Inadequate ? ? Very Low 

Saebo et al. 
(2019) 

Doubtful ? 

Vibration 
detection 
thresholds 

Tyros et al. 
(2016) 

Doubtful ? ? Very Low 

Validity 

Construct Validity Rushton et 
al. (2014) 

Very Good ? ? Low 

Table 2.4 Summary of risk of bias, criteria for good measurement properties and overall 
quality of evidence (GRADE) 
+, sufficient; -, insufficient; ?, indeterminate + inconsistent.  
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2.5 Discussion  

 

 This systematic review is the first to synthesise and evaluate outcome measures of CS 

and their measurement properties applied in a musculoskeletal trauma population. Stage one 

intended to establish what measures were being used to measure CS in the musculoskeletal 

trauma population. 30 measures were identified in studies used to evaluate CS within 

musculoskeletal trauma, with the majority of the studies identified in populations involving 

whiplash associated disorders. The high number of outcome measures identified in studies 

evaluating CS in this population highlights the lack of a gold standard and consensus in the 

literature on the most optimal outcome measure or measures for CS. Furthermore, it highlights 

the complexity of the concept of CS in that no measure can fully assess CS but rather can only 

assess the clinical features, such as widespread pain or secondary hyperalgesia (Neblett, 2018). 

This could explain why multiple outcome measures which have been previously suggested to 

assess clinical features of CS e.g. QST (Cruz-Almeida and Fillingim, 2014) were used in this 

population. A consensus of the most ‘optimal’ outcome measure(s) to use to detect CS would 

be useful in future research to allow a more standardised approach in assessing clinical features 

of CS. 

 

Stage two of this systematic review evaluated the measurement properties of the 

measures identified from stage one. From the 30 measures, measurement properties were only 

evaluated in nine measures specifically in musculoskeletal trauma. Reliability was evaluated in 

seven measures – cold, warm and vibration detection thresholds, electrical pain thresholds, 

PPT, pain distribution and the pinwheel. Measurement error was evaluated in PPT, pain 

distribution and the pinwheel. Validity was evaluated in vibration disappearance and detection 
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thresholds and CPT. No study evaluated responsiveness. PPT, the most common method found 

to evaluate CS, only had two studies evaluating the reliability specifically in patients following 

musculoskeletal trauma (Prushansky et al., 2007, Saebo et al., 2019), and CPT, the second most 

common method was only used within one validity study (Rushton et al., 2014). For other 

common outcome measures identified, such as heat pain thresholds (HPT), brachial plexus 

provocation test, TS and central pain modulation, no studies were found evaluating 

measurement properties when applied in people with musculoskeletal trauma.  

 

 Risk of bias for all studies was rated as doubtful or inadequate apart from the one study 

which assessed construct validity which was rated as very good. For reliability and 

measurement error, overall quality was rated as very low for all outcome measures apart from 

the pinwheel which was rated as low. For validity, despite individual methodological quality 

being rated as very good, overall quality was low being downgraded due to imprecision because 

of low sample size. Low sample size was a contributing factor to low quality for reliability and 

measurement error. However, additional issues around inconsistency between study results and 

low individual methodological quality contributed to further downgrading.  

 

 Based on the results of individual studies of this review, it is hard to make conclusions 

of the most appropriate CS outcome measures due to the high risk of bias and inconsistency of 

results of individual studies. However, there is a wide body of research which exists with 

established measurement properties particularly reliability within healthy volunteers or other 

musculoskeletal conditions for multiple CS outcome measures. Examples include PPT for 

healthy participants (Chesterton et al., 2007), healthy and acute neck pain participants (Walton 

et al., 2011a), and knee osteoarthritis (Wylde et al., 2011), CSI for chronic musculoskeletal 
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conditions (Scerbo et al., 2018), and TS for healthy participants (Kong et al., 2013, Graven-

Nielsen et al., 2015). This has often been used as justification to use and translate measures into 

other populations. However, despite the wide body of research, the risk of bias and overall 

quality of these studies has not been evaluated within a review, making overall conclusions 

difficult. Of the few reviews which do exist reporting reliability of thermal QST (Moloney et 

al., 2012) and central pain modulation (Kennedy et al., 2016), the methodological quality was 

variable with both reviews highlighting issues of poor reporting, blinding of raters, 

randomisation, and variable statistical analyses used. Similar methodological limitations have 

also been highlighted in a more recent systematic review focused on peripheral joint pain 

(Alqarni et al., 2018).   

 

 This current review echoes some of the issues highlighted in previous systematic 

reviews in that all but one studies included were found to have doubtful or inadequate risk of 

bias, with overall quality for each measure being low or very low. For individual risk of bias, 

reoccurring themes in all reliability studies was firstly around the reporting of methods e.g. 

explicit reporting of participants being stable between sessions, and the environment being 

similar for each session and secondly, the time between testing sessions was variable ranging 

from less than a few minutes to a month. COSMIN recommends for PROMS a gap of two 

weeks is adequate to prevent recall bias, (Mokkink et al., 2018b) with, Sim and Wright (2000) 

suggesting that the time between measurements should be large enough to ensure the measures 

are independent and not influenced by recall of the participant or rater, or the previous 

measurement. Therefore, with the nature of the measures being evaluated in this review i.e. 

sensory changes, a time lapse of less than five minutes could be argued to be insufficient to 

allow any washout period and recall from the participant. The time between sessions was a 
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common reason in most studies to score lower on COSMIN risk of bias tool, but a wide 

variation used in the studies highlights that there is no consensus on the recommended time 

between testing sessions. 

 

 A considerable challenge in this review was around wording and the statistical measures 

used to evaluate reliability and measurement error, which is in keeping with previous systematic 

reviews on QST (Moloney et al., 2012, Kennedy et al., 2016). COSMIN recommend, intra-

class correlation coefficients (ICC) for continuous scores and kappa coefficient statistics for 

dichotomous/nominal and ordinal scores when assessing reliability (Sim and Wright, 2000, 

Mokkink et al., 2018b), yet in some studies this was not conducted. Therefore, although some 

studies reported ‘good reliability’, overall conclusions about specific measures were difficult 

in this review since inappropriate statistical analyses used in the original studies. In addition to 

this, the wording around reliability was challenging with multiple terms such as reproducibility, 

repeatability and relationship used interchangeably with reliability. This review used the 

COSMIN definitions and terms of measurement properties in an attempt to standardise the 

reporting, but it is clear further standardisation is needed in reporting reliability more generally. 

 

2.5.1 Strengths and Limitations  

 

This is the first systematic review to evaluate CS outcome measures and their 

measurement properties when used to evaluate people within the musculoskeletal trauma 

population. The review followed a published protocol which was registered on PROSPERO. 

Adopting a two-stage search approach, allowed a comprehensive search to be conducted to 

identify all measures used within the population of interest. All stages of this review were 
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conducted by two reviewers independently to limit any potential bias. Furthermore, steps were 

taken to ensure all authors were contacted where the population did not clearly state if the cohort 

had more than 90% musculoskeletal trauma.  

  

 Some limitations are recognised. In both stages studies were excluded since they were 

not published in English (three articles in stage one and five articles in stage two). It is therefore 

possible that some articles which were evaluating CS measures were therefore not included. 

Furthermore, despite efforts to clarify details to inform eligibility, seven authors did not 

respond, one was not contactable, and two could not confirm whether the cohort included more 

than 90% musculoskeletal trauma. However, it is doubtful the overall conclusions of this review 

would have changed if further articles had been included. Finally, due to the heterogeneity of 

the data in this review, a meta-analysis was not possible thus a narrative review was conducted 

to summarise the findings. This coupled with the low quality of the included studies, made 

discussion and conclusions challenging.  

 

2.5.2 Future Implications and Recommendations 

 

This review has highlighted three main issues:  

1. There is a vast range of outcome measures being used to assess CS in the 

musculoskeletal trauma population with no consensus for the most appropriate tool. 

This again highlights the complexity around CS and the evolving nature and 

understanding of this concept. Whilst this review does not suggest there is or should be 

one superior measure for the evaluation of CS, further work towards a consensus on the 

most appropriate measures to assess CS within musculoskeletal trauma is needed.  
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2. There are a lack of studies evaluating measurement properties of CS measures within 

musculoskeletal trauma, and of those which have been identified, good individual 

methodological quality is limited with overall low quality. Further studies are warranted 

for multiple CS outcome measures such as PPT, TPT and TS – the most common CS 

outcome measures within the musculoskeletal trauma population - taking into 

consideration consistency of terms e.g. reliability vs reproducibility, high quality 

methodology including appropriate statistical measures and adequate time between 

measurements.  

3. The majority of studies in this review are of whiplash associated disorders with a 

handful of studies focused on other musculoskeletal trauma such as fractures, with no 

studies identified in more acute major musculoskeletal trauma in an hospital 

environment. 

 

2.6 Conclusion  

 

 This systematic review has identified a vast range of outcome measures used in 

musculoskeletal trauma to evaluate CS, with the majority of CS research conducted within the 

whiplash associated disorder population. Despite the range of outcome measures used, only 

nine measures were identified with evaluated measurement properties within a musculoskeletal 

trauma population. Of these measures, risk of bias for all studies apart from one evaluating 

construct validity was doubtful or inadequate, and overall quality was rated low or very low for 

all outcome measures and measurement properties. Conclusions about the reliability of the 

various measures was difficult due to the wide variety of results, methods and sites tested. 
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Further research is required to establish measurement properties within this population, as well 

as to achieve consensus on the most appropriate measures to evaluate CS.  
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CHAPTER 3 

RELIABILITY OF TEMPORAL SUMMATION, THERMAL 

AND PRESSURE PAIN THRESHOLDS IN ASYMPTOMATIC 

AND MUSCULOSKELETAL TRAUMA POPULATIONS 

 

This Chapter reports in full a manuscript which has been submitted for publication. The 

majority of this Chapter is therefore written in verbatim of the submitted manuscript for 

publication.  

 

Publications and Presentations 

1.  Middlebrook N, Heneghan NR, Evans DW, Rushton AB, Falla D. Reliability of 

temporal summation, thermal and pressure pain thresholds in a healthy cohort and 

musculoskeletal trauma population PLOS ONE, 15, e0233521 

2. Middlebrook N, Rushton AB, Evans DW, Henehgan NR, Falla D. Detection of heat 

and cold pain thresholds: an intra and inter rater reliability study. Physiotherapy UK. 

November 2018  

3. Middlebrook N, Rushton AR, Evans DW, Heneghan NR, Falla D. Intra and Inter 

rater reliability of temporal summation, thermal and pressure pain thresholds in the 

asymptomatic population. World Confederation of Physical Therapy conference, 

Geneva May 2019  

4. Middlebrook N, Heneghan NR, Rushton AB, Falla D. Inter-rater reliability of 
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3.1 Abstract 

 

Traumatic injuries affect approximately 978 million people worldwide with 56.2 

million requiring inpatient care. QST can be useful in assessing clinical features of CS 

following trauma, however the reliability of multiple QST including temporal summation (TS), 

heat and cold pain thresholds (HPT, CPT) and pressure pain thresholds (PPT) has not been 

assessed in musculoskeletal trauma.  Both intra (between day) and inter-rater (within day) 

reliability of QST was assessed in asymptomatic participants (n=21), and inter-rater (within 

day) reliability in participants presenting with acute musculoskeletal trauma (n=25). Intraclass 

correlation coefficients with 95% confidence intervals (ICC 3,2), standard error of measurement 

(SEM) and Bland Altman Plots for limits of agreement were calculated. For asymptomatic 

participants, reliability was good to excellent for HPT (ICC range 0.76, 0.95), moderate to good 

for PPT (ICC range 0.52, 0.93), with one site rated poor (ICC 0.41), and poor to excellent for 

TS scores (ICC range 0.20, 0.91). For musculoskeletal trauma participants reliability was good 

to excellent for HPT and PPT (ICC range 0.76, 0.86), and moderate to good reliability for TS 

(ICC range 0.69, 0.91). SEM for HPT for both sets of participants was ~10C and an average of 

7N for asymptomatic participants and less than 8N for acute musculoskeletal trauma 

participants for PPT. This study demonstrates moderate to excellent intra and inter-rater 

reliability for HPT and PPT in asymptomatic participants and good to excellent inter-rater 

reliability for acute musculoskeletal trauma participants, with TS showing more variability for 

both sets of participants. This study provides foundations for future work evaluating the sensory 

function over time following acute musculoskeletal trauma.  
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3.2 Introduction  

 

From Chapter two, it was highlighted a wide variety of measures are currently used in 

musculoskeletal trauma to assess clinical features of CS, with the majority of the research 

conducted in whiplash associated disorder cohorts. A handful of studies evaluated fractures and 

no studies evaluated CS within more major trauma or within a hospital setting. Secondly, very 

few of these measures have established measurement properties. CPT, HPT, PPT and TS, when 

used at both local and remote sites of injured tissue, can provide insight into the functioning of 

A and C fibres together with their central pathways, and can detect the presence of both local 

(peripheral sensitisation) and more centrally driven symptoms (e.g. secondary hyperalgesia and 

TS of pain) (Woolf, 2011, Cruz-Almeida and Fillingim, 2014, Vardeh et al., 2016).  

 

As highlighted in Chapter one, previous studies have found QST to be useful in the 

assessment of sensory function to assess clinical features of CS, and that the results of QST can 

be used to predict outcome following injury. For example, secondary hyperalgesia is common 

in patients with whiplash associated disorders (Curatolo et al., 2001, Scott et al., 2005, 

Lemming et al., 2012), and the presence of widespread hyperalgesia including both mechanical 

and thermal changes at one month following injury can predict poorer outcome at six months 

post injury (Sterling et al., 2003a). QST therefore has the potential to be utilised in a similar 

manner to predict outcome in a broader musculoskeletal trauma population such a fractures. 

Nevertheless, the reliability of HPT, CPT, PPT and TS firstly needs to be established in this 

population. Reliability has been established for QST modalities used in isolation (Chesterton et 

al., 2007, Moloney et al., 2012, Graven-Nielsen et al., 2015), as well as protocols for multiple 
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QST tests such as the DNFS (Rolke et al., 2006b), but no study has evaluated QST reliability 

within a musculoskeletal trauma population or of HPT, CPT, PPT and TS combined. 

 

Therefore, the aim of this study is to address objective two of the thesis:  

1. Establish both intra and inter-rater reliability of HPT, CPT, PPT and TS measures 

in healthy asymptomatic volunteers  

2.  Establish inter-rater reliability of the same measures in people with acute 

musculoskeletal trauma performed within a hospital setting.  

 

3.3 Methods 

  

Ethical approval was obtained on the 15/08/2017 from the University of Birmingham 

Ethics Committee (ERN_17-0893) (Appendix 4) for asymptomatic participants and NHS 

ethical approval, Health Research Authority (HRA) approval (19/12/2017) and individual site 

confirmation (3/05/2018) (17/WA/0421/IRAS 229790) (Appendix 5) was obtained for acute 

musculoskeletal trauma participants. The study was conducted according to the Declaration of 

Helsinki.  

  

3.3.1 Study Design 

 

 This was a test-retest reliability study design in which within (inter-rater) and between 

day (intra-rater) reliability was evaluated for asymptomatic participants, and within (inter-rater) 

day reliability was evaluated for participants with acute musculoskeletal trauma. For reliability 

studies using two raters, a sample size of n>19 was required, based on a power calculation of 
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5% significance with true reliability exceeding 0.7 (Walter et al., 1998, Sim and Wright, 2000). 

Three raters were recruited with varying levels of QST experience (range six months to 10 

years). Rater one and two completed the asymptomatic intra and inter-rater study and rater one 

and three completed the acute musculoskeletal trauma inter-rater study. Raters underwent 

training prior to data collection in the use of the equipment and testing procedure. For both sets 

of participants, room temperature and background noise level were not strictly controlled.  

 

3.3.2 Participants 

 

Asymptomatic Participants 

 

 Participants were recruited from the staff and student population of the University of 

Birmingham, United Kingdom. Inclusion criteria were adults (aged ≥18) with the capacity to 

understand both written and verbal English language. Exclusion criteria included any pain 

which had affected activities of daily living within the last month, or neurological and 

rheumatological conditions (e.g. Parkinson’s disease, multiple sclerosis, rheumatoid arthritis 

etc.) (Gierthmühlen et al., 2015). 

 

Acute Musculoskeletal Trauma Participants 

 

 Participants were recruited from a major trauma centre in the United Kingdom. 

Inclusion criteria included being admitted to the major trauma centre within 14 days of injury, 

adult (aged ≥16), and the capacity to understand both written and verbal English language. The 

difference in inclusion criteria age between the two sets of participants was due the University 
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population where the asymptomatic participants were recruited were aged ≥18, whereas within 

the hospital setting the adult age was defined as ≥16 (Rushton et al., 2018). Exclusion criteria 

included an acute intra-cranial lesion with a Glasgow Coma Scale score of ≤14, any 

neurological or rheumatological disorders, ongoing terminal illness (e.g. comorbid cancer) with 

short life expectancy or prolonged use of corticosteroids (Rushton et al., 2018). 

 

3.3.3 Equipment  

  

For both sets of participants the same equipment was used. For the thermal testing (HPT, 

CPT), the TSA-II NeuroSensory Analyzer thermal stimulator (Medoc Ltd, Israel) and 

accompanying software with a 30 x 30mm peltier thermode was used. For both PPT and TS 

testing, a digital pressure algometer (Series 7 force gauge, Mark-10 Corporation, USA) with 

custom made software was used. 

 

3.3.4 Procedure 

 

Asymptomatic Intra and Inter-rater Study 

 

 A total of four sessions took place over two days. Two sessions took place on each day 

with a minimum of two hours between sessions to allow a washout period to take place and 

avoid potential learning effects (Sim and Wright, 2000). There was a minimum of 48 hours and 

a maximum of seven days between the two testing days. Six sites in total were tested in each 

participant including upper limb (extensor carpi radialis muscle belly), lower limb (tibialis 

anterior muscle belly) and spinal (lumbar erector spinae); all tested bilaterally. A combination 
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of upper and lower limb and spinal sites were chosen to reflect the range of potential sites for  

the acute musculoskeletal trauma participants owing to the wide range of injuries possible 

(Holbrook et al., 1998). Each site was marked with a Schuco Surgical Skin Marking Pen at the 

first session to allow the same sites to be tested in each session.  

 

Acute Musculoskeletal Trauma Inter-rater Study 

 

 A total of two sessions on the same day with a minimum of two hours between sessions 

to allow a washout period to take place and avoid potential learning effects was observed (Sim 

and Wright, 2000). Due to the changeable nature of symptoms following musculoskeletal 

trauma, together with known sensory changes i.e. peripheral sensitisation following injury to 

tissue/inflammation, (Woolf, 2004), intra-rater reliability testing on a different day was deemed 

unsuitable due to the likelihood of capturing change of symptoms and sensory changes over 

time rather than assessing reliability of testers. A total of two sites were tested for each 

participant, a local site within or close to the same dermatome of the injury and a remote site 

which was on the opposite side to the injury where possible. The choice of the remote site 

depended on the other injuries the participant had resulting from trauma and therefore could 

not be standardised across all participants (Rushton et al., 2018).  

 

Testing Procedure  

 

 The testing procedure for both sets of participants was standardised. For both HPT, CPT 

and PPT, a MLI design (Rolke et al., 2006b) was used. For each modality, two measurements 

were taken per session and the mean calculated. A minimum of 30 seconds was observed 
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between each measurement. Within the first session a period of familiarisation was conducted 

prior to testing before each modality (Rushton et al., 2018). 

 

Thermal Testing  

 

 Thermal testing was tested using skin contact stimulation. For HPT and CPT 

temperature either increased or decreased from a baseline of 320C at a rate of 10C/second until 

the maximum temperature of 50.50C for HPT and 00C for CPT had been reached in which the 

temperature then automatically returned to baseline. The participants were instructed to press a 

button when the sensation changes from a warm/cold sensation to one of pain. Once the button 

was pressed, the temperature returned to baseline at the same rate of 10C/Second (Rolke et al., 

2006b).  

 

Pressure Pain Threshold and Temporal Summation Testing 

 

 For the PPT testing, the tip of the force gauge was applied perpendicular to the skin and 

pressure was applied at a constant rate of 5 Newton’s/second (Rolke et al., 2006b, Chesterton 

et al., 2007, Bisset et al., 2015). The participant was instructed to press a button when the 

pressure sensation changed to pain. Upon pressing the button, the pressure was released 

immediately. 

 

 For TS testing, the mean PPT score from that session was used. Ten consecutive pulses 

were applied at this threshold level. The pressure was increased over five seconds, held for one 

second before being released immediately, with a one second interval before the next pulse (Nie 
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et al., 2005, Nie et al., 2006). At each peak pulse, the participant was asked to rate their pain on 

an NRS of 0-10 with 0 being no pain and 10 being pain as worse as it could be.  

 

3.3.5 Order of Testing 

 

 To minimise learning effects and potential bias, the order of modalities, site and raters 

were randomised. Due to the nature of TS testing, and the requirement of session PPT scores, 

this was always the last test performed. For consistency, one rater performed all of the site 

markings for each participant prior to testing commencing. 

 

3.3.6 Data Analysis 

 

 For measures of reliability, ICC’s, two-way mixed effects, absolute agreement (ICC 3,2) 

for PPT and TPT and ICC 3,10 for TS, with 95% confidence intervals (CIs) were calculated. The 

ICC model was chosen a priori with a two-way mixed effects (model 3) chosen as the raters in 

the study were the only raters of interest, and an average measurement as a mean of more than 

one measurement was calculated (Rankin and Stokes, 1998). Bland Altman Plots were 

calculated for LOA and SEM was calculated. For TS analyses and to capture the variation in 

the pain ratings over the 10 pulses, the mean NRS of pulses 1 to 4 (Mean 1), 5 to 7 (Mean 2), 

and 8 to 10 (Mean 3) was calculated as well as the ratio between Mean 3 and Mean 1 (Graven-

Nielsen et al., 2015). In order to calculate the ratio where a number greater than 0 was required, 

0.1 was added to all TS scores. SPSS (IBM version 25) was used for analyses. For interpretation 

of ICC results the following criteria were used: <0.5 = poor, 0.5-0.74 = moderate, 0.75-0.9 = 

Good and >0.91 = Excellent (Watkins and Portney, 2009, Koo and Li, 2016).  
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3.4 Results 

 

3.4.1 Participant Demographics 

 

Asymptomatic Participants 

 

A total of 21 participants were recruited. One participant was excluded from data 

analyses due to extra-ordinarily high ratings on all measures, the majority of which reached the 

safety limits of the testing equipment. The sample size was reduced to 20 participants (50% 

male) for analysis. Mean age was 27.55 years [Standard Deviation (SD) 8.06].  

 

Acute Musculoskeletal Trauma Participants 

 

A total of 25 participants were recruited. Five participants were excluded from data 

analysis for the following reasons: slow reaction times with an inability to press the button 

when pain thresholds were reached (n=2), second data set not collected due to reduction in 

mental capacity (n=1), or discharged from hospital before a full data set had been collected 

(n=2). The mean age of participants (70% male) included in data analyses was 44.8 (SD 19.32).  

Participant demographics are summarised in Table 3.1 with injury characteristics for the acute 

musculoskeletal trauma participants summarised in Table 3.2.  

 
 Asymptomatic Acute Musculoskeletal Trauma 

Age, mean (SD) 27.55 (8.06) 44.8 (19.32) 

Sex, male n (%) 10 (50%) 14 (70%) 
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Height, cm mean (SD) 172.72 (9.50) 170.4 (12.96) 

Weight, kg mean (SD) 72.89 (15.62) 77.45 (14.67) 

Body Mass Index 

(SD) 

24.32 (4.71) 26.61 (3.99) 

Table 3.1 – Patient characteristics for both asymptomatic and musculoskeletal trauma 
participants  
SD; Standard deviation 
 
Number of Injuries Single Injury 10 

Multiple Injury 10 

Location of Injury Upper Extremity 1 

Lower Extremity 16 

Trunk  1 

Upper and Lower Extremity 2 

Type of Injury Fractures 19 

Soft Tissue 1 

Table 3.2 – Injury characteristics for acute musculoskeletal trauma participants 

 
3.4.2 Intra-Class Correlation Coefficients and Standard Error of Measurement 

 

Asymptomatic Participants 

 

Heat Pain Thresholds 

 Intra-rater reliability at all sites was good or excellent (ICC range 0.76, 0.91). Inter-rater 

reliability for both days of testing at all sites was good or excellent (ICC range 0.83, 0.95). The 

average SEM for rater one across all sites was 0.970C for day one and 0.840C for day two. For 
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rater two, the average SEM was similar at 0.890C for day one and 0.810C for day two. All ICCs 

with 95% CIs, SEM and means (SD) for all sites for HPT are reported in Table 3.3.
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Cold Pain Thresholds 

 Ten participants were excluded from cold data analyses as pain was not evoked within 

the safety limit of the thermal testing equipment in three or more sessions for each site. Of the 

remaining 10 participants, only two participants had a full data set for all sessions and sites. 

Eight participants had a partial data set where either intra or inter-rater reliability could be 

calculated. Due to low number of participants included in data analysis, it was deemed 

insufficient to perform ICCs and SEM, therefore descriptive data only is reported. A summary 

of means and SDs can be found in Table 3.4. 

 

Pressure Pain Thresholds 

 For intra-rater reliability, rater one demonstrated a wide range of ICC scores which 

ranged from poor to good reliability (ICC range 0.41, 0.83), with the lower limb sites and one 

upper limb site demonstrating lower ICCs compared to spinal sites. Rater two demonstrated 

higher intra-rater reliability (ICC range 0.70, 0.88), although demonstrated wide CIs. Inter-rater 

reliability for day one of testing was rated as moderate to excellent (ICC range 0.66, 0.92) 

depending on site, with day two demonstrated improved inter-rater reliability rated as good to 

excellent (ICC range 0.80, 0.93). The average SEM across all sites for rater one was 7.12 

newtons (N) for day one and 5.96 for day two. For rater two, the average SEM was slightly 

lower at 6.93N for day one and 5.98N for day two.  ICCs with 95% CIs, SEM and means for 

all sites for PPT are reported in Table 3.5. 
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Table 3.5 Intraclass correlation coefficients, m
eans and standard error of m

easurem
ent for pressure pain thresholds for the asym

ptom
atic 

participants  
U

LR, U
pper Lim

b Right; U
LL, U

pper Lim
b Left; LLR, Low

er Lim
b Right; LLL, Low

er Lim
b Left; SR, Spine Right; SL, Spine Left; ICC, 

Intraclass correlation; CI; Confidence Interval; SD
, Standard D

eviation; SEM
, Standard Error of M

easurem
ent; *num

ber of participants=19 N
; 

N
ew

tons 
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Temporal Summation 

 Table 3.6 and 3.7 summarises all ICCs for Mean 1, Mean 2, Mean 3 and ratios 

(Mean3/Mean1). A number of participants asked for TS testing to stop due to high pain levels, 

therefore a full set of NRS were not collected for certain sites. Where a full set of 10 NRS were 

not collected, these were excluded from the analyses with Table 3.6 and 3.7 summarising 

number of participants included in analyses. No specific site was identified that participants 

could not tolerate the TS testing and varied across all six sites. For intra-rater reliability, ICCs 

for the three means (Mean 1, Mean 2, Mean 3) ranged from poor to excellent (ICC range 0.20, 

0.91) with the lower limb sites overall showing a wider range in ICCs compared to other sites. 

For inter-rater reliability, day one and day two ICCs for the means were all rated poor to 

excellent (ICC range 0.30, 0.92). For the ratio ICCs both intra and inter-rater were rated as poor 

or moderate (ICC range -0.31, 0.66) with the exception of right upper limb site which was rated 

as good (ICC 0.86).   
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Acute Musculoskeletal Trauma Participants 

 

Heat Pain Thresholds 

 A total of three sets of data for the remote site were excluded from analyses due to pain 

not being evoked within the safety limit of the thermal testing device (50.50). No sets of data 

were excluded for the local site analyses. Both local (ICC 0.86, CI 0.65, 0.95) and remote (ICC 

0.81, CI 0.49, 0.93) sites were rated as good for HPT. For SEM, rater one for the local site was 

1.020C and less for the remote site at 0.850C. For rater three, both sites were similar to rater one 

with the local site SEM being 1.110C, and remote site 1.240C. ICCs with 95% CIs, SEM and 

means for both local and remote sites for HPT are reported in Table 3.8. 

 

Cold Pain Thresholds 

 Thirteen participants were excluded from cold data analyses as pain was not evoked 

within the safety limit of the thermal testing equipment for the local site and 17 participants 

excluded for the remote site. Therefore, a total of seven participants for the local site and three 

for the remote site were included in analyses. Due to low numbers of participants included in 

data analyses, descriptive data only are reported. A summary of the descriptive data for CPT 

can be found in Table 3.8.  

 

Pressure Pain Thresholds 

 Both local (ICC 0.78, CI 0.43, 0.91) and remote (ICC 0.76, CI 0.43, 0.91) were rated as 

good. The SEM for rater one was 6.04N for the local site and 6.95N for the remote site. For 

rater three, SEM was similar to rater one with the 6.07N for the local site and 7.45N for the 
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remote site. ICCs with 95% CIs, SEM and means for both local and remote sites for PPT are 

reported in Table 3.8. 

 

Temporal Summation 

 Three sets of data were excluded from analyses for the local site and two sets of data 

for the remote site due to the participant asking for testing to stop due to high pain levels 

therefore 10 pulses were not achieved. When calculating the ratio both local (ICC 0.57, CI -

0.07, 0.84) and remote (ICC 0.62, CI -0.04, 0.86) were rated as moderate. However, when 

calculating the three means over the 10 pulses, for the local site Mean 1 (ICC 0.87 CI 0.63, 

0.95) and Mean 3 (ICC 0.79, CI 0.45, 0.92) were rated as good whereas Mean 2 (ICC 0.69, CI 

0.13, 0.89) was rated as moderate. For the remote site all three means were rated as excellent 

(Mean 1 ICC 0.91, CI 0.77, 0.97, Mean 2 ICC 0.94, CI 0.84, 0.98, Mean 3 ICC, 0.93 CI 0.82, 

0.97). ICCs with 95% CIs and means for both local and remote sites for TS are reported in 

Table 3.8.
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 Site 
M

odality 
N

um
ber of 

participants included 

in analyses 

Rater 1 M
ean 

(SD
) 

Rater 3 M
ean 

(SD
) 

ICC (95%
 CI) 

Standard Error of 

M
easurem

ent 

Rater 1 
Rater 3 

Local 

Site 

H
PT 0C 

N
=20 

46.92 (2.72) 
46.59 (2.97) 

0.86   

(0.65, 0.95) 

1.02 
1.11 

CPT 0C 
N

=7 
13.53 (8.87) 

12.90 (6.80) 
N

/A
 

N
/A

 
N

/A
 

PPT N
ew

tons 
N

=20 
37.60 (12.87) 

36.26 (12.94) 
0.78  

(0.43, 0.91) 

6.04 
6.07 

M
ean 1 

N
=17 

5.25 (1.88) 
5.35 (1.79) 

0.87  

(0.63, 0.95) 

N
/A

 
N

/A
 

M
ean 2 

N
=17 

5.16 (1.49) 
5.10 (2.03) 

0.69  

(0.13, 0.89) 

N
/A

 
N

/A
 

M
ean 3 

N
=17 

5.59 (1.75) 
5.00 (2.14) 

0.79  

(0.45, 0.92) 

N
/A

 
N

/A
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Ratio betw
een 

M
ean 3 and M

ean 1 

(N
RS) 

N
=17 

1.15 (0.46) 
0.96 (0.31) 

0.57  

(-0.07, 0.84) 

N
/A

 
N

/A
 

Rem
ote 

Site 

H
PT 0C 

N
=17 

47.75 (1.95) 
47.06 (2.85) 

0.81  

(0.49, 0.93) 

0.85 
1.24 

CPT 0C 
N

=3 
11.84 (5.57) 

7.37 (1.46) 
N

/A
 

N
/A

 
N

/A
 

PPT N
ew

tons 
N

=20 
43.36 (14.18) 

42.22 (15.20) 
0.76  

(0.43, 0.91) 

6.95 
7.45 

M
ean 1 (N

RS) 
N

=18 
4.96 (2.28) 

5.35 (2.47) 
0.91  

(0.77, 0.97) 

N
/A

 
N

/A
 

M
ean 2 (N

RS) 
N

=18 
5.38 (2.46) 

5.75 (2.54) 
0.94  

(0.84, 0.98) 

N
/A

 
N

/A
 

M
ean 3 (N

RS) 
N

=18 
5.47 (2.62) 

5.90 (2.51) 
0.93  

(0.82, 0.97) 

N
/A

 
N

/A
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Ratio betw
een 

M
ean 3 and M

ean 1 

(N
RS) 

N
=18 

1.11 (0.31) 
1.13 (0.32) 

0.62  

(-0.04, 0.86) 

N
/A

 
N

/A
 

Table 3.8: Intraclass correlation coefficients, m
eans and standard error of m

easurem
ent for heat and cold pain thresholds, pressure pain 

thresholds and tem
poral sum

m
ation for the acute m

usculoskeletal traum
a participants 

H
PT, heat pain threshold; CPT, cold pain threshold; PPT, pressure pain threshold; N

RS, num
erical rating scale; SD

, standard deviation; 
ICC, Intraclass correlation coefficient 
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3.4.3 Bland Altman Plots 

 

Asymptomatic Participants 

 

Heat Pain Thresholds 

 Figures 3.1-3.3 depict the Bland Altman plots and LOA for HPT, CPT and PPT for the 

asymptomatic participants for both intra- and inter-rater reliability. The Bland Altman plots for 

HPT (Figure 3.1) show similar LOA with the average mean difference close to 00C with no 

systematic or proportional bias demonstrated.  

 

Figure 3.1: Intra-rater (A & B) and inter-rater (C & D) Bland Altman Plots with limits of 
agreement for heat pain thresholds for the asymptomatic participants 
 

C D 

B A 
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The Bland Altman plots for CPT (Figure 3.2) show more variation in LOA with Rater 

one intra-rater average mean difference at 2.950C whereas rater two mean difference at 1.300C. 

Inter-rater agreement between raters was improved on day two compared to one. Although more 

variation in agreement, no systematic or proportional bias was demonstrated.  

 

Figure 3.2: Intra-rater (A & B) and inter-rater (C & D) Bland Altman Plots with limits of 
agreement for cold pain thresholds for the asymptomatic participants 
 

The Bland Altman plots for PPT (Figure 3.3) show similar LOA for both raters and both 

days. For both intra and inter rater agreement, less agreement appears to be consistent in higher 

pain thresholds compared to lower pain thresholds, however no systematic or proportional bias 

is evident.  

 

D 

A B 

C 
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Figure 3.3: Intra-rater (A & B) and inter-rater (C & D) Bland Altman Plots with limits of 

agreement for pressure pain thresholds for the asymptomatic participants 

 

Acute Musculoskeletal Trauma Participants 

 

 Figure 3.4 depicts the Bland Altman plots and LOA for HPT, CPT and PPT for the acute 

musculoskeletal trauma participants. All plots show good agreement between raters with the 

average mean difference no more than 10C or 1N. For HPT, higher temperature scores are 

associated with rater three compared to rater one, and further investigation into the dataset 

showed this to be more for the remote site than local site. No other proportional or systematic 

bias was shown in for PPT and CPT.  

 

A B 

C D 
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Figure 3.4: Inter-rater Bland Altman Plots with limits of agreement for heat pain 
thresholds (A), pressure pain thresholds (B) and cold pain thresholds (C) for the acute 
musculoskeletal trauma participants 
 

3.5 Discussion 

 

This is the first methodologically rigorous reliability study evaluating intra and inter-

rater reliability within asymptomatic participants and inter-rater reliability for acute 

musculoskeletal trauma participants. In asymptomatic participants, reliability was established 

as moderate to good intra-rater reliability for HPT and PPT, with the exception of one lower 

limb site for PPT which was rated poor, and moderate to excellent inter-rater reliability for PPT 

and HPT. Good to excellent inter-rater reliability of HPT and PPT was demonstrated for acute 

A B 

C 
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musculoskeletal trauma participants. Bland Altman plots supported these findings with good 

agreement between days and raters for HPT and PPT, however agreement for PPT was less 

with higher PPT scores (i.e. more pressure exerted by the rater) compared to lower scores (less 

pressure exerted by the rater) more so in the asymptomatic participants. SEM for both HPT and 

PPT was low, with PPT SEM in asymptomatic participants having more variability depending 

on the testing site. TS demonstrated variable results ranging from poor to excellent reliability 

in asymptomatic participants for intra and inter-rater reliability, but moderate to excellent 

reliability for acute musculoskeletal trauma participants. Limited conclusions can be made for 

CPT since no statistical analyses could be performed yet, Bland Altman plots show adequate 

agreement in both sets of participants. 

 

 No previous study has evaluated the reliability of these specific QST tests in 

combination, however, results in this study are consistent with studies evaluating thermal and 

pressure testing as stand-alone modalities, (Chesterton et al., 2007, Moloney et al., 2011, 

Walton et al., 2011a, Knutti et al., 2014, Pelfort et al., 2015) as well as recent studies combining 

multiple QST tests (Wylde et al., 2011) and studies using the established DNFS protocol for 

QST (Marcuzzi et al., 2017, Nothnagel et al., 2017).  

 

Although the current study demonstrated good reliability for PPT in both sets of 

participants, musculoskeletal trauma participants showed higher inter-rater reliability compared 

to asymptomatic participants. This was also observed for TS testing, where results for 

asymptomatic participants were more variable compared to the musculoskeletal trauma 

participants. A possible reason for the variation compared to previous studies could be due to 

the different algometers used across studies including a digital handheld algometer (Walton et 



 102 

al., 2011a, Pelfort et al., 2015) or a mechanical algometer (Chesterton et al., 2007). The 

algometer used in the current study was a digital algometer, with an additional software 

programme used to guide rate of pressure and to accurately calculate the TS rate for each 

participant. Because of this, raters were required to focus on the computer screen and not on 

the site during testing, which could have possibly led to variation in the technique applied, 

although both raters had substantial training on the method prior to commencement of the study.  

 

This algometer however, was used in both sets of participants and does not explain 

differences in results between the asymptomatic and acute musculoskeletal trauma participants. 

For the asymptomatic participants, the testing protocol was extensive using six sites with four 

modalities which totals to 24 tests all focusing on pain thresholds. It is possible the quantity of 

testing caused habituation or sensitisation to testing thus having the potential for their pain 

thresholds to increase or decrease between sessions (Breimhorst et al., 2012, May et al., 2012, 

Jurgens et al., 2014). This could have the potential to explain the variability in TS results which 

was not observed for musculoskeletal trauma participants. Research in this area is limited, with 

a handful of studies evaluating the habituation/sensitisation effect (Breimhorst et al., 2012, May 

et al., 2012, Jurgens et al., 2014). These studies however focus on thermal testing only, over a 

number of days with testing every day, which differs from the multiple modalities and testing 

schedule used in this study. However, other protocols such as the DNFS protocol have extensive 

QST testing (Rolke et al., 2006a). Although the DNFS protocol is extensive, all tests are not 

pain threshold tests but combine detection thresholds differing to the protocol for this study. 

Future research is required in this area to evaluate the effects of QST and the effects of 

habituation and sensitisation.  

 



 103 

Despite the differences in PPT and TS, HPT was consistently rated good or excellent 

for both asymptomatic and acute musculoskeletal trauma participants, with SEM for HPT being 

approximately 10C for both sets of participants. However, across all modalities a trend was 

observed whereby both SEM and ICCs on day two of testing of the asymptomatic participants 

increased. This could indicate a potential learning effect has taken place. The raters received 

training before undertaking the study and since no systematic or proportional bias is 

demonstrated in the Bland Altman plots for the asymptomatic participants, it is unlikely there 

is a learning effect from the raters which could contribute to the variation in results, however 

despite a period of test familiarisation for the participants prior to testing, a learning effect could 

have taken place which could explain increased reliability on day two. Furthermore, a specific 

testing protocol was adopted for this study with a minimum of two hours between sessions 

observed to allow a period of rest for the participant and to minimise any potential bias and 

learning effect, with 48 hours given between testing days for the asymptomatic participants. 

Previous studies have used a range of times from five minutes to ten minutes for within day 

testing between different raters (Chesterton et al., 2007) and up to four months for between day 

testing for intra-rater reliability (Walton et al., 2011a, Marcuzzi et al., 2017). With no consensus 

on the amount of time between sessions, the larger time period between sessions and days of 

testing in this study may have contributed to differences between days of testing. Future studies 

should take into consideration a potential learning effect and consider a familiarisation session 

on a different day rather than immediately before the testing to account for this. No short-term 

learning effect was observed or indicated for within day testing for the asymptomatic or acute 

musculoskeletal trauma participants. 
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3.5.1 Strengths and Limitations 

 

This is the first study to evaluate intra and inter-reliability of CPT, HPT, PPT and TS 

combined, and the first study to evaluate inter-rater reliability in an acute hospital setting for a 

musculoskeletal trauma population. Establishing reliability for these measures allows future 

studies to evaluate sensory changes from an acute stage of injury over time as people recover 

from traumatic musculoskeletal injuries and further demonstrate the value of QST in predicting 

outcome (Rushton et al., 2018). Additionally, previous reliability studies have controlled the 

environment in which testing was conducted, often within a lab setting. Although the 

asymptomatic sample was conducted within the lab, the environment was not controlled as 

strictly as previous studies where temperature and background noise were controlled. This was 

deliberate, as there is a considerable amount of noise, distraction and variance in temperature 

within a hospital setting, and reliability of these measures needed to be established in these real-

life clinical conditions in order to be transferable to future studies.  

 

Nevertheless, there are some limitations to this study. One limitation to this study is we 

had low participant numbers for CPT due to the safety limit of the thermal analyzer, making 

overall conclusions to the reliability of CPT difficult. One study has acknowledged similar 

issues with participants reaching the safety limit data (Moloney et al., 2011) and excluded this 

data from analysis. The decision was made to exclude this data in the current study, as if 

included, the ICCs would likely portray excellent reliability and agreement, which could be 

misleading.  
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Another limitation of this study was inter-rater reliability but not intra-rater reliability 

was evaluated within the musculoskeletal trauma population. Due to the acute nature of 

musculoskeletal trauma, assessing reliability over a number of days was difficult, as symptoms 

and pain are often changeable making it problematic to assess reliability rather than change of 

symptoms. Although intra-rater could have been tested on the same day, the decision was made 

to evaluate inter-rater reliability, as intra-rater reliability in the asymptomatic participants was 

moderate to good depending on modality, and inter-rater reliability is clinically relevant for 

future studies planned (Rushton et al., 2018).  

 

Finally, although this study has demonstrated good reliability for the battery of QST 

tests used, the ICC statistical model (two-way mixed effects, absolute agreement) was chosen 

as the particular raters used in this study were of interest, therefore the more common ICC 

statistical model of two-way random effects utilised when the raters of interest are selected from 

random and therefore can be generalised to a wider population of raters with similar 

characteristics was not appropriate for this study (Koo and Li, 2016). Therefore, generalising 

the study to larger populations and other raters should be interpreted with caution and further 

research is required to confirm these results.  

 

3.6 Conclusion 

 

 This study has demonstrated moderate to good intra-rater reliability and moderate to 

excellent inter-rater reliability for HPT and PPT in a sample of asymptomatic individuals with 

good to excellent inter-rater reliability demonstrated for HPT and PPT in an acute 

musculoskeletal trauma population. Good reliability was demonstrated for TS within the acute 
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musculoskeletal trauma population. Limited conclusions can be made for the CPT data, 

however Bland Altman plots did show good agreement between days and raters. This study has 

demonstrated HPT, CPT, PPT and TS can be used in an acute clinical environment and formed 

the foundation for Chapter five which will explore features of CS in patients following acute 

musculoskeletal trauma.  
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CHAPTER 4 

A NEW APPROACH TO EVALUATE TEMPORAL 

SUMMATION OF PAIN: AN INTRA AND INTER-RATER 

RELIABILITY STUDY 

 

This Chapter reports in full a manuscript which is currently in preparation for publication. The 

majority of this Chapter is therefore written in verbatim of the manuscript for publication.  

 

Publications and Presentations 

1. Middlebrook N, Rushton AB, Ponopoulou K, Falla D, Heneghan NR. A new 

approach to test temporal summation of pain: an intra and inter rater reliability study. 

(In preparation) 
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4.1 Abstract 

 

Temporal summation of pain is an increase in pain perception from a repetitive noxious 

stimulus of the same intensity. Modalities used to assess TS include heat, electrical and 

mechanical stimuli such as a pressure algometry. This study presents a new method to assess 

TS using a handheld algometer with the aim of this Chapter to achieve objective three of the 

thesis and establish intra and inter-rater reliability of a new approach to evaluate TS. Twenty-

one asymptomatic participants were recruited. Intra and inter-rater reliability was assessed 

using two raters and measures were performed at six sites (upper limb, lower limb and spine). 

The pain ratings of each TS repetition were divided into three means; mean one (repetition 2-

4), mean two (repetition 5-7), and mean three (repetition 8-10), and the ratio between mean 

one/mean three. Statistical analysis included intraclass correlation coefficients with 95% 

confidence intervals (ICC 3,10). Moderate to good reliability for both intra (ICC range 0.68, 

0.90) and inter-rater (ICC range 0.55, 0.86) reliability was found for most sites apart from the 

lower limb for inter-rater which was rated as poor. Ratio calculations of ICCs were lower 

ranging from ICC 0.36, 0.82 for intra-rater and ICC 0.17 to 0.71 for inter-rater reliability. This 

study has demonstrated moderate to good reliability of a new approach to assess TS and can be 

used in future Chapters of this thesis to evaluate TS.  
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4.2 Introduction 

 

 TS of pain is described as an increase in pain perception from a repetitive noxious 

stimulus of the same intensity (Nie et al., 2009), and is thought to represent a psychophysical 

link to the ‘wind up’ phenomena (Price et al., 1994, Ren, 1994). The wind up phenomena is an 

amplified response of dorsal horn neurons following the repetitive stimulation of C-fibre 

nociceptors (Nielsen and Arendt-Nielsen, 1998). Since wind up cannot be measured within 

humans, TS is used to represent the early part of the wind up process (Nielsen and Arendt-

Nielsen, 1998). Modalities to induce TS include mechanical (Sarlani and Greenspan, 2002, Nie 

et al., 2005, Nie et al., 2006), heat (Nielsen and Arendt-Nielsen, 1998, Staud et al., 2001, Staud 

et al., 2003, Staud et al., 2007a) and electrical (Arendt-Nielsen et al., 2000) stimuli. TS has been 

documented in multiple chronic pain conditions such as fibromyalgia, where more centrally 

mediated mechanisms are present (Staud et al., 2001, Staud et al., 2007b).  

 

 The testing procedure for TS involves a number of repetitions whereby a certain 

temperature or pressure is exerted (Nie et al., 2005, Nie et al., 2006, Staud et al., 2007b). 

Specifically, when using a pressure algometer to induce mechanical TS, the PPT individual to 

each participant is used as the total pressure exerted for each repetition (Nie et al., 2005). This 

method has demonstrated the TS effect of gradual increase in pain response in both 

asymptomatic (Nie et al., 2005, Nie et al., 2006) and patient populations (Arendt-Nielsen et al., 

2010, Coppieters et al., 2016, Lluch Girbés et al., 2016). Test re-test reliability studies to date 

have been conducted using heat (Kong et al., 2013) and mechanical modalities such as cuff 

pressure algometry (Graven-Nielsen et al., 2015), and a handheld algometer (Cathcart et al., 

2009); all reporting good to excellent reliability. 
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In Chapter three, the method using individualised PPT for the total pressure exerted for 

each repetition was used. It was found that in both the asymptomatic and musculoskeletal 

trauma participants some asked for the TS testing to stop as they were unable to tolerate the 

testing procedure with increasing intolerable levels of pain experienced. In addition to this, 

findings for both intra and inter reliability of this method were sub-optimal for asymptomatic 

participants (ICC 3,10 range -0.31, 0.92), and inter-rater reliability was only adequate for the 

musculoskeletal trauma population (ICC 3,10 range 0.57, 0.94). These findings provided the 

motivation to develop a new approach. We based the approach on a method previously used for 

cuff algometry (Graven-Nielsen et al., 2015), where for the first pressure stimulus the 

participant was asked to press the button when the pressure changed to a sensation of pain rated 

as 1/10 on the NRS. This pressure reading (kPa) was recorded and then used as baseline pressure 

for the remaining nine repetitions of the TS testing. This therefore gave the participants a 

personalised reference point of what they perceived was their pain thresholds using the 1/10 on 

the NRS. From this reference point, participants were then requested to state whether the 

sensation increased, decreased or remained the same using the NRS scale across a further nine 

stimuli using the same kPa pressure.  

 

This study therefore aimed to address objective three of this thesis and to establish the 

intra and inter-rater reliability of this new method of TS testing in an asymptomatic population. 

 Due to the exploratory nature of this new approach, it was deemed appropriate in the first 

instance to test this new method in the asymptomatic population before utilising this new 

method in the musculoskeletal trauma population. 
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4.3 Methods 

 

4.3.1 Ethical Approval 

 

 Ethical approval was obtained from the School of Sport, Exercise and Rehabilitation 

Sciences of the University of Birmingham Ethics Committee (MCR050619-1, 04/07/2019) 

(Appendix 6). 

 

4.3.2 Study Design 

 

 The study was a test-retest reliability study, evaluating both intra and inter-rater 

reliability using two raters. One rater was a novice and the second had more than two years of 

experience performing QST. Testing of the new method was performed by one rater and 

subsequent training prior to commencing the testing of the new method undertaken for the 

novice rater (approximately two hours). These measures were put in place so being a less 

experienced rater could not influence the results of the study.  

 

4.3.3. Participants 

 

 Participants were recruited from the staff and student body at the University of 

Birmingham, United Kingdom. Inclusion criteria were healthy adults (aged >18) who were able 

to speak and read English. Exclusion criteria included any neurological or rheumatological 

condition or pain which had affected daily life in the last one month. Using two raters, a sample 
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of n >19 was required, based on a power calculation of 5% significance with true reliability 

exceeding 0.7 (Walter et al., 1998, Sim and Wright, 2000). 

 

4.3.4. Equipment and Procedure 

 

 A similar protocol was conducted as in Chapter three, where testing was conducted over 

two days for intra-rater reliability and inter-rater completed within day. The main difference 

however, was that due to constraints of raters, inter-rater reliability was conducted on one day 

only. Therefore, a total of three sessions were completed for each participant. Two sessions on 

day one with two hours between the sessions observed, and the third session taking place 48 

hours later. TS was tested at the same six sites as were tested in Chapter three – upper limb 

(extensor carpi radialis muscle belly), lower limb, (tibialis anterior muscle belly), and spinal 

(lumbar erector spinae). All sites were tested bilaterally, and the same randomisation protocol 

used in Chapter three was used whereby sites and sides were randomised for each session. Each 

site was firstly marked using a Schuco Surgical Skin Marking Pen by rater two. A 

familiarisation of the testing protocol was also completed by rater two for each participant 

before the start of session one at a different site (thenar eminence of the hand). The testing 

procedure and randomisation protocol was standardised for both raters. 

 

4.3.5 Testing Procedure 

 

A total of 10 repetitions were applied using a handheld algometer with a 1cm2 tip 

(Somedic, Sweden) to assess TS. For the first pressure stimulus, pressure was gradually 

increased at 50kPa/s, and the participant was asked to push a button when the pressure changed 
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to a sensation of pain rated as 1/10 on the NRS (0 being ‘no pain’ and 10 being ‘worst pain 

imaginable) (Graven-Nielsen et al., 2015). The pressure reading was recorded and subsequently 

used as baseline pressure for the remaining nine repetitions of TS testing. For each remaining 

repetition, the pressure was gradually increased to the level of the recorded pressure of the first 

repetition at a rate of at 50kPa/s, maintained for one second and then immediately released. A 

one second inter-stimulus interval was used between repetitions (Nie et al., 2005). The 

procedure was repeated for each site for each session and the first repetition recording from the 

first session was not subsequently used for future testing sessions. This is in keeping with 

Chapter three where the PPT for that particular session was used for the TS testing.  

 

4.3.6. Data Analysis 

 

 Statistical analysis for this Chapter was in keeping with the methods used for Chapter 

three. For reliability measures, ICC, two-way mixed effects, absolute agreement (ICC 3,10) and 

95% CI’s were calculated (Sim and Wright, 2000). The ICC model was chosen a priori with a 

two-way mixed effects (model 3) chosen as the raters in the study were the only raters of 

interest, and an average measurement as a mean of more than one measurement was calculated 

(Rankin and Stokes, 1998). The means of the NRS of repetitions were divided into three means: 

2-4 (Mean 1), 5-7 (Mean 2) and 8-10 (Mean 3) as well as the ratio between Mean 3 and Mean 

1 were determined (Graven-Nielsen et al., 2015). Means and SD are presented for both intra 

and inter-rater reliability. Some NRS ratings reported for participants were zero. Due to the 

ratio calculation requiring a number greater than zero, as completed within Chapter three a 

small nominal value of 0.1 was added to all scores to counteract this. SPSS (IBM version 26) 

was used for the analyses. The following criteria for interpretation of the ICC results was used: 
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<0.5=poor, 0.5-0.74 = moderate, 0.75-0.9 =good >0.91=Excellent (Watkins and Portney, 2009, 

Koo and Li, 2016). The first repetition score that were recorded are presented as means (SD) 

for both raters. 

 

4.4 Results 

 

4.4.1 Participant Demographics 

 

 21 participants (11 male), mean age (SD) 30.05 (7.02) were recruited. Mean height (SD) 

was 172.52cm (8.31), mean weight (SD) 75.99kg (11.94) and body mass index (SD) was 25.41 

(3.19). One participant did not complete the final session due to participant availability, and 

therefore a total of 20 participants are included in the analyses for intra-rater reliability. One set 

of data (LLR) was excluded from analyses due to extraordinary high ratings at that particular 

site and a previously unreported history of lower limb trauma of more than five years ago.  

 

4.4.2 NRS First Repetition Scores (PPT) 

 

 The means (SD) for each site for the three sessions are presented in table 4.1. Most PPT 

scores decreased over the three sessions with the exception of the lower limb sites. 

 Rater 1 Session 1 

Mean (SD) 

Rater 1 Session 2 

Mean (SD) 

Rater 2 Session 1 

Mean (SD) 

Upper Limb Right 303.38 (142.11) 262.15 (97.18) 240.67 (93.03) 

Upper Limb Left 327.90 (178.65) 264.40 (124.03) 262.86 (109.22) 
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Lower Limb Right* 411.25 (175.84) 356.58 (183.80) 407.35 (155.30) 

Lower Limb Left 410.19 (167.53) 387.70 (192.06) 411.05 (163.57) 

Spinal Right 424.19 (170.05) 388.85 (161.81) 355.52 (94.92) 

Spinal Left 409.86 (176.85) 373.30 (159.05) 353.33 (130.46) 

Table 4.1 Means (SD) of the first NRS score of 1/10 for each session 
*n=19 

 

4.4.3 Intra-rater Reliability 

 

 Table 4.2 summarises means (SD) and ICCs for intra-rater reliability. For the three 

means (Mean 1, Mean 2, Mean 3), moderate to good intra-rater reliability was demonstrated 

for all sites, with LLR and Spinal Left (SL) sites showing moderate reliability for all three 

means. For the ratio ICCs for intra-rater reliability, LLR was rated as good, three sites were 

rated as moderate (SR, and both upper limb sites), and two sites rated as poor (SL and LLL). 

Individual ratio scores presented in bar graphs can be found in Appendix 7. 

 

4.4.4 Inter-rater Reliability 

 

Table 4.3 summarises means (SD) and ICCs for inter-rater reliability. All sites 

demonstrated moderate or good reliability apart from LLR where Mean 1 and Mean 2 were 

rated as poor. For the ratio ICCs, three sites were rated as poor (lower limb sites and spinal 

right), and three sites rated as moderate (SL and upper limb sites). Individual ratio scores 

presented in bar graphs can be found in Appendix 7. 
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Site  

 

Mean (SD) Session 1 

Rater 1 

Mean (SD) Session 2 

Rater 1 

ICC (95% CI) Intra-

Rater 

ULR Mean 1 2.35 (1.33) 2.47 (1.26) 0.82 (0.55, 0.93) 

Mean 2 3.03 (1.59) 2.87 (1.46) 0.68 (0.19, 0.88) 

Mean 3 3.20 (1.88) 3.17 (1.67) 0.75 (0.36, 0.90) 

Ratio 1.44 (0.49) 1.32 (0.51) 0.62 (0.07, 0.85) 

ULL Mean 1 2.33 (1.17) 2.25 (1.14) 0.86 (0.64, 0.94)  

Mean 2 2.70 (1.38) 2.78 (1.39) 0.90 (0.76, 0.96) 

Mean 3 3.25 (1.74) 3.20 (1.72) 0.81 (0.51, 0.93)  

Ratio 1.42 (0.44) 1.45 (0.48) 0.62 (0.01, 0.85) 

LLR Mean 1 2.12 (0.70) 2.01 (0.96) 0.68 (0.17, 0.88) * 

Mean 2 2.78 (1.03) 2.47 (1.11) 0.73 (0.33, 0.90) * 

Mean 3 3.31 (1.61) 2.71 (1.16) 0.70 (0.26, 0.88) * 

Ratio 1.56 (0.65) 1.47 (0.64) 0.82 (0.54, 0.93) 

LLL Mean 1 2.05 (1.00) 2.28 (1.31) 0.82 (0.57, 0.93)  

Mean 2 2.52 (1.15) 2.68 (1.28) 0.64 (0.08, 0.86)  

Mean 3 3.10 (1.57) 2.83 (1.10) 0.82 (0.55, 0.93) 

Ratio 1.61 (0.73) 1.39 (0.49) 0.45 (-0.33, 0.78) 

SR  Mean 1 2.47 (1.35) 2.55 (1.30) 0.82 (0.54, 0.93)  

Mean 2 3.17 (1.92) 2.90 (1.66) 0.68 (0.19, 0.87)  

Mean 3 3.30 (2.32) 2.83 (1.74) 0.69 (0.22, 0.87)  

Ratio 1.31 (0.42) 1.17 (0.56) 0.65 (0.15, 0.86) 

SL Mean 1 2.25 (1.40) 2.47 (1.52) 0.74 (0.35, 0.90)  
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Table 4.2 Means of the NRS (Mean 1, Mean 2, Mean 3 and ratio) and intraclass 
correlation coefficients for Intra-rater reliability (rater 1)  
ULR, Upper Limb Right; ULL, Upper Limb Left; LLR, Lower Limb Right; LLL, Lower 
Limb Left; SR, Spine Right; SL, Spine Left; ICC, Intraclass correlation; CI; Confidence 
Interval; SD, Standard Deviation. Number of participants n=20 for all sites apart from LLR. 
LLR n=19 
 
 

Mean 2 2.53 (1.60) 2.77 (1.60) 0.71 (0.27, 0.89)  

Mean 3 2.87 (1.95) 2.82 (1.68) 0.70 (0.22, 0.88)  

Ratio 1.36 (0.71) 1.23 (0.53) 0.36 (-0.64,0.75) 

Site  Mean (SD) Rater 1 Mean (SD) Rater 2 ICC (95% CI) Inter-Rater  

ULR Mean 1 2.34 (1.30) 2.67 (1.15) 0.60 (0.43, 0.84) 

Mean 2 2.99 (1.56) 3.35 (1.36) 0.69 (0.25, 0.87)  

Mean 3 3.15 (1.85) 3.93 (1.84) 0.66 (0.20, 0.86)  

Ratio 1.42 (0.49) 1.55 (0.57) 0.70 (0.28, 0.88) 

ULL  Mean 1 2.35 (1.15) 2.74 (1.39) 0.77 (0.45, 0.91) 

Mean 2 2.72 (1.35) 3.18 (1.65) 0.83 (0.57, 0.93)  

Mean 3 3.24 (1.70) 3.58 (1.79) 0.83 (0.60, 0.93)   

Ratio 1.40 (0.43) 1.35 (0.43) 0.60 (-0.01, 0.84) 

LLR Mean 1 2.13 (0.68) 2.28 (1.00) 0.41 (-0.54, 0.77)  

Mean 2 2.72 (1.05) 2.90 (1.12) 0.20 (-1.11, 0.69)  

Mean 3 3.25 (1.59) 3.32 (1.19) 0.55 (-0.17, 0.83)  

Ratio 1.53 (0.66) 1.52 (0.39) 0.25 (-1.00, 0.71) 

LLL Mean 1 2.05 (0.98) 2.34 (1.32) 0.68 (0.22, 0.87)  

Mean 2 2.50 (1.12) 2.97 (1.42) 0.76 (0.42, 0.90)  

Mean 3 3.05 (1.54) 3.23 (1.57) 0.78 (0.46, 0.91)  
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Table 4.3 Means of the NRS (Mean 1, Mean 2, Mean 3) and Intraclass correlation 
coefficients for inter-rater reliability (rater 1 vs rater 2)  
ULR, Upper Limb Right; ULL, Upper Limb Left; LLR, Lower Limb Right; LLL, Lower 
Limb Left; SR, Spine Right; SL, Spine Left; ICC, Intraclass correlation; CI; Confidence 
Interval; SD, Standard Deviation. Number of participants n=21 for all sites apart from LLR. 
LLR n=20 
 

4.5 Discussion 

 

 This study has established both intra and inter-rater reliability of this new approach to 

assess TS using a handheld algometer. Overall, moderate to good reliability was demonstrated 

for the majority of sites for both intra and inter-rater reliability. Intra-rater reliability showed 

higher reliability compared to inter-rater reliability, with certain sites such as the lower limb 

being lower for inter-rater than intra-rater. Ratio scores were lower for both intra-rater and 

inter-rater reliability in keeping with the previous Chapter, but with the exception of two sites 

(SL and LLL) for intra-rater, reliability is overall improved with this new method.  

 

Ratio 1.58 (0.72) 1.48 (0.51) 0.17 (-1.14, 0.68) 

SR  Mean 1 2.48 (1.32) 2.43 (1.56) 0.85 (0.63, 0.94)  

Mean 2 3.16 (1.87) 2.81 (1.49) 0.79 (0.50, 0.92)  

Mean 3 3.27 (2.26) 3.02 (1.65) 0.86 (0.65, 0.94)  

Ratio 1.30 (0.42) 1.33 (0.45) 0.46 (-0.37, 0.79) 

SL 

 

Mean 1 2.24 (1.37) 2.59 (1.75) 0.85 (0.65, 0.94)  

Mean 2 2.53 (1.56) 3.00 (1.83) 0.80 (0.52, 0.92)  

Mean 3 2.85 (1.90) 3.29 (1.92) 0.81 (0.55, 0.92)  

Ratio 1.35 (0.69) 1.35 (0.54) 0.71 (0.26, 0.88) 
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Compared to the method used in Chapter three, this new approach demonstrates 

improved reliability, with ICCs ranging from 0.64, 0.90 for the three means for intra-rater 

reliability and ICC range 0.20, 0.86 for inter-rater reliability. No participants within this study 

asked for the testing to stop due to high pain levels, whereas in our previous study some of 

our healthy (n=4) and musculoskeletal trauma participants (n=5) asked for testing to stop. As 

this method is a new testing protocol developed in this Chapter, direct comparison to previous 

TS studies is difficult, but compared to other reliability studies using different methods and 

modalities (cuff pressure, pressure algometer and heat paradigm), findings are consistent. 

(Cathcart et al., 2009, Kong et al., 2013, Graven-Nielsen et al., 2015).   

 

Intra-rater Reliability  

 

 Although moderate to good intra-rater reliability was shown for Mean 1, Mean 2, and 

Mean 3 means, the ratio ICC scores were consistently lower, which is consistent with the 

study of Graven-Nielsen et al. (2015) of cuff TS reliability, who suggested the lower ratio 

ICCs could be due to the variation in the first mean (e.g. Mean 1) in each session. Overall 

when comparing means for each site, very little difference is demonstrated over the ten 

repetitions. However, on further inspection of individual data, there is a greater variation of 

individual ratio scores which could offer an explanation of why some sites had a lower ratio 

score. Appendix 7 gives further detail on the individual scores in the form of bar graphs to 

show the greater variation in individual scores, particularly for SL and LLL.  
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Inter-rater Reliability  

 

Ratio scores for inter-rater reliability were also consistently lower than Mean 1, Mean 

2, and Mean 3 ICCs. However, variation across ratio and the means was observed between the 

two raters, with the lower limb site showing the poorest inter-rater reliability. Lower limb 

sites showed greater variability in the previous Chapter for asymptomatic participants, 

however this tibialis anterior site was used with some participants with musculoskeletal 

trauma participants with good reliability. For this study, the lower limb sites did have overall 

higher PPT’s and are the only sites not to decrease the PPT’s over the three sessions. 

Therefore, it could be suggested that the 1/10 was harder to elicit and therefore technique 

could have been altered as a consequence of this.  

 

4.5.1 Strengths and Limitations 

  

This new method has achieved TS in keeping with previous methods and studies but 

without participants being exposed to intolerable pain intensity levels. Multiple sites in the 

body were tested rather than one site, allowing this new method to be utilised in multiple 

sites. A limitation however is that asymptomatic participants only were used in this study and 

it would have been beneficial to test in an symptomatic population. However, based on the 

previous Chapter where multiple methods demonstrated good reliability within the hospital 

setting, this new method of TS testing is feasible to be used within a musculoskeletal trauma 

population.  
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4.6 Conclusion 

 

Chapter three demonstrated sub-optimal reliability with a TS protocol whereby a 

previous PPT measure was used, with multiple participants asking for testing to stop due to 

high pain intensity. This study has demonstrated moderate to good intra and inter-rater 

reliability of a new approach to assess TS at the majority of sites. Based on this Chapter, this 

new method could be used with confidence alongside other QST testing for the exploratory 

study in Chapter five.  

  



 122 

CHAPTER 5 

CLINICAL FEATURES OF CENTRAL SENSITISATION IN 

PARTICIPANTS WITH GREATER PAIN AND DISABILITY 

AT SIX MONTHS IN LOWER LIMB MUSCULOSKELETAL 

TRAUMA – A EXPLORATORY STUDY 

 

This Chapter is part of a larger observational study (Appendix 3). Therefore, the methods of 

this Chapter have been adapted and reworked from the original study published protocol but 

are not transcribed verbatim. 

 

Publications and Presentations 

1. Rushton AB, Evans DW, Middlebrook N, Heneghan NR, Small C, Lord J, Patela J, 

Falla D (2018). Development of a screening tool to predict the risk of chronic pain and 

disability following musculoskeletal trauma: protocol for a prospective observational 

study in the United Kingdom. BMJ Open 8 DOI: 10.1136/bmjopen-2017-017876. 

(Appendix 3) 

2. Rushton AB, Evans DW, Middlebrook N, Heneghan NR, Falla D. An innovative 

approach to understanding mechanisms in the transition from acute to chronic pain in 

a musculoskeletal trauma population. Physiotherapy UK 2017  

3. Middlebrook N, Ruhston AB, Abichandani D, Evans DW, Barbero M, Heneghan 

NR, Falla D. Participants with features of central sensitisation have greater pain and 
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disability at six months following musculoskeletal trauma: an exploratory study 

(Physiotherapy UK 2020) 
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5.1 Abstract 

 

Following musculoskeletal trauma, a high proportion of people transition from acute to 

chronic pain and often experience disability. It is unclear why this is the case irrespective of 

injury severity. The development of CS following injury could offer an explanation. No study 

has evaluated features of CS soon after injury and how this relates to other measures including 

pain, QOL and psychological complaints in patients with acute musculoskeletal trauma. The 

aim of this study was to address objective four of the thesis and investigate features of CS 

alongside other measures of pain, quality of life (QOL) and psychological features, soon after 

musculoskeletal trauma and explore whether these features are more evident in participants 

with greater pain and disability at six months. This study was an exploratory observational 

study. A total of 25 participants were recruited from a major trauma centre within the United 

Kingdom. QST (pressure and thermal pain thresholds and temporal summation), and pain 

drawings to measure pain extent were collected on two occasions separated by 48 hours to 

assess clinical features of CS. Outcome measures to evaluate pain, QOL, and psychological 

features included the Short Form-36, EQ-5D-5L, pain intensity, Pain DETECT, hospital anxiety 

and depression scale (HADS), Impact of Events Scale - Revised (IES-R), and sleep quality. The 

Chronic Pain Grade Scale (CPGS) was collected at six months with participants grouped 

according to two categories – low pain and disability (CPGS I) and high pain and disability 

(CPGS II-IV). At six months, nine participants were classified as CPGS I and 16 classified as 

CPGS II-IV. Reduced PPT and greater pain extent during the acute phase was evident in those 

with greater pain and disability at six months. Several other baseline measures including the 

HADS, IES-R and Pain DETECT were higher in the CPGS II-IV group. This study has found 

that participants with greater pain and disability at six months show evidence of features of CS 
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such as greater reduced PPT and greater pain extent. Higher levels of psychological features 

and greater pain measures were also found within the greater pain and disability group. This 

exploratory study supports future research within musculoskeletal trauma and shows insight 

into potential factors soon after trauma which could influence pain and disability at six months. 

Further research evaluating prognostic factors influencing the transition from acute to chronic 

pain and disability is warranted. 
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5.2 Introduction 

  

As highlighted in Chapter one, following a traumatic injury, the transition and 

development of chronic pain is well documented (Rivara et al., 2008, Williamson et al., 2009, 

Rosenbloom et al., 2013, Rosenbloom et al., 2016, Giummarra et al., 2019). In addition to high 

levels of pain, high levels of disability, impact on QOL and psychological difficulties are also 

recognised (Sutherland et al., 2006, NICE, 2018, Giummarra et al., 2019). Despite this, it is 

currently unknown why some people transition from acute to chronic pain following 

musculoskeletal trauma and others do not (Rushton et al., 2018). It is clear from the current 

literature that the recovery process is complex and multifaceted, with multiple factors suggested 

in prognostic research which can influence outcome (Clay et al., 2012).  

 

Despite a wide body of research in whiplash associated disorder cohorts, Chapter two 

highlighted that few studies exist evaluating CS in other populations such as those with 

fractures, with no studies evaluating multiple injuries, instead focusing on specific fractures 

such as patella and tibial shaft fractures (Larsen et al., 2018, Larsen et al., 2016). Much of the 

health focused research involving major traumatic injuries is conducted with PROMS and no 

psychophysical measures such as QST have been utilised. Moreover, no one outcome measure 

exists which reflects the complexity and multiple factors which contribute to recovery in this 

population (Hoffman et al., 2014). A presence of more centrally driven pain processes such as 

CS could offer an explanation of why some develop chronic pain and experience disability 

following injury. However, no study to date has evaluated the clinical features of CS such as 

widespread pain and secondary hyperalgesia in the acute phase of injury and specifically in a 

population of patients who have sustained fractures within a major trauma centre. It is also 
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important to document QOL, disability and psychological features as these are well established 

in musculoskeletal trauma as factors influencing recovery. Furthermore, evidence from other 

populations such as low back pain suggests reduced QOL and psychological features are present 

in patients with features of CS. (Smart et al., 2012, Klyne et al., 2019).  

    

With the lack of studies evaluating CS in people who have sustained musculoskeletal 

trauma, an exploratory study evaluating clinical features of CS would be of benefit. A focus 

specifically on fractures in the acute phase of injury would be the first step to ascertain whether 

early clinical features of CS utilising psychophysical measures such as QST could contribute 

to chronic pain and disability. However, acknowledging that the transition and development of 

chronic pain is multifaceted, characteristics of measures such as pain intensity, QOL and 

psychological features alongside psychophysical measures would be useful to establish if these 

features are more evident in participants with greater pain and disability at six months. 

Therefore, this Chapter aims to achieve objective four of the thesis and is sub divided into two 

aims in this Chapter: 

1. Investigate features of CS, using QST and pain drawings following injury and whether 

these features are more evident in participants with greater pain and disability at six 

months.  

2. Alongside features of CS, document other measures such as pain intensity and 

psychological features and whether these features are more evident in participants with 

greater disability at six months.  
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5.3 Methods 

 

5.3.1 Ethical Approval 

 

 This study gained NHS ethical approval, HRA approval (19/12/2017) and individual 

site confirmation (03/05/2018) (17/WA/0421/IRAS 229790) (Appendix 5). 

 

5.3.2 Study Design 

 

 This study is reported in line with the strengthening the reporting of observational 

studies in epidemiology (STROBE) guidelines (Elm et al., 2007). As this study forms part of a 

larger observational study, this was an exploratory observational study whereby participants 

were recruited and had at least two measurement sessions. Within these two sessions, 

psychophysical measures such as QST and pain drawings to measure pain extent were collected 

alongside PROMS. Measures of pain and disability were evaluated at six months following 

injury using the CPGS. The participants were separated into two groups: CPGS I and CPGS II-

IV. The CPGS I group were all graded as grade I on the CPGS indicating low pain and disability 

whereas the CPGS II-IV group were graded as II or above indicating high pain and/or disability. 

This approach is in keeping with previous studies, whereby Grade II-IV was used to define 

poorer outcome (pain and disability) at six months (Von Korff and Miglioretti, 2005, Dunn et 

al., 2008, Muller et al., 2013) 
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5.3.3 Eligibility Criteria 

 

Eligibility criteria were pre-defined in a published protocol as part of the wider study 

(Rushton et al., 2018). For this exploratory study lower limb fractures only were recruited. This 

was based on feasibility data prior to starting the study on the most common fractures admitted 

to the Major Trauma Centre as well as based on participants recruited in the reliability study in 

Chapter three, the majority of whom were lower limb in nature. In the event of multiple injuries 

whereby upper limb fractures were possible, the testing sites for the psychophysical measures 

were focused to the lower limb. The inclusion criteria were as follows: 

- Adults aged >16 years  

- Admitted to one major trauma centre in the UK due to musculoskeletal trauma in 

the previous 14 days  

- Able to speak and write English 

- Mental capacity (score of >6 on the abbreviated mental test) in order to be able to 

give informed consent  

Exclusion criteria included: 

- Acute intracranial bleed in combination with a score <14 on the Glasgow Coma 

Scale 

- Pre-existing CNS injury or long-term neurocognitive disorders e.g. brain tumour, 

multiple sclerosis, Parkinson’s disease etc 

- Comorbid cancer or terminal illness with short life expectancy 

- Pre-existing rheumatological condition e.g. rheumatoid arthritis 

- Long term use of corticosteroids  
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5.3.4 Recruitment and Setting 

 

 Recruitment was conducted over a period of 12 months (December 2018 to December 

2019) from one major trauma centre (Queen Elizabeth Hospital) in the United Kingdom. All 

potentially eligible participants were screened by a team of research nurses and approached and 

given a participant information leaflet if interested in the study. Participants were then 

approached to confirm eligibility and consent willing participants.  

 

5.3.5 Procedure and Outcome Measurements 

 

Procedure 

 

Due to the nature of participants’ injuries, rehabilitation and often surgical procedures 

were conducted during their inpatient stay. Therefore, this was taken into account within this 

study and flexibility in testing procedure was observed to reduce burden and allow for 

rehabilitation and recovery post-surgical procedures. Following consent into the study, baseline 

questionnaires were completed on the same day. Various measures including the QST measures 

were then collected the day after consent and the second session 48 hours after. However, at 

times, it was not possible to keep to this schedule due to the aforementioned reasons. At each 

testing session, if required the abbreviated mini mental test (Hodkinson, 1972) was conducted 

to check mental capacity and the consent of the patient to complete the testing session. Upon 

discharge, a follow up questionnaire was sent to the participant at six months following injury.  
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Table 5.1 summarises all measures and data collected at baseline, and inpatient 

assessment sessions and at the six-month follow up. A number of measures such as pain 

intensity and sleep were collected alongside QST in the inpatient assessment sessions, in order 

to report the change over time rather than just at baseline, something which no study has 

previously reported. As this study is part of a larger observational study, some measures 

collected in this wider study were not used e.g. biomarkers, as this is beyond the scope and aims 

of the current study.  
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5.3.6 Participant and Injury Characteristics 

  

General participant demographics and injury characteristics obtained from hospital 

records (Appendix 8) were collected and are summarised in Table 5.1. Together with collating 

injury characteristics, the ISS was collected. The ISS is a retrospective tool whereby severity 

of injury is rated using a numerical scale (Baker and O’Neill, 1976). All injuries sustained are 

rated on the abbreviated injury scale (AIS). The three highest AIS ratings in relation to body 

areas are then combined to calculate the ISS score (Baker et al., 1974, Baker and O’Neill, 1976). 

The score ranges from 0-75, with a higher ISS score correlated with greater risk of mortality 

(Baker et al., 1974). 

 

5.3.7 Patient Reported Outcome Measures 

 

 Currently, no one outcome measure exists which fully represents the trauma population 

in terms of impact of trauma, function and disability (Hoffman et al., 2014). Therefore, 

numerous PROMS were collected to ensure a multifactorial approach was taken and in line 

with International Classification of Functioning, Disability and Health (ICF) (WHO, 2001). 

The ICF identifies three components: impairments, activity limitations and participation 

restrictions, which are classified into four domains (body function, body structure, activities 

and participation and environmental factors) (WHO, 2001).  
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Pain Outcome Measures 

 

 The CPGS was used to measure pain and disability at six months post injury. The CPGS 

is a questionnaire which evaluates both pain and disability (Von Korff et al., 1992), and 

incorporates all three components of the ICF (Dixon et al., 2007). The CPGS has five 

classifications: 0 is defined as pain free, whereas grade I and II have low disability and either 

low pain intensity (grade I) or high pain intensity (grade II). Grade III and IV have high 

disability and are classified as moderately limiting (grade III) or severely limiting (grade IV) 

(Von Korff et al., 1992). The CPGS has been used previously in major musculoskeletal trauma 

to define good and poor outcome (Rivara et al., 2008). In keeping with previous studies, Grade 

II-IV was used to define poorer outcome (pain and disability) at six months (Von Korff and 

Miglioretti, 2005, Dunn et al., 2008, Muller et al., 2013, Rushton et al., 2018). Pain intensity 

was collected at baseline and utilised the CPGS pain questions of average and current pain 

intensity (Von Korff et al., 1992). A minimal clinically important difference (MCID) of 1-2 

points or a 15-20 % change in NRS scores has been suggested when using multiple methods to 

calculate the MCID for a sample of chronic musculoskeletal pain sample (Salaffi et al., 2004, 

Dworkin et al., 2008), with no MCID suggested for musculoskeletal trauma. 

 

 The Pain DETECT questionnaire is a validated questionnaire for neuropathic pain 

(Freynhagen et al., 2006), but also incorporates some clinical features of CS such as allodynia 

and hyperalgesia (Freynhagen et al., 2016). A score of 19 or more indicates a neuropathic 

component is likely (Freynhagen et al., 2006). The radiating pain question utilising the pain 

diagram was not used. This was due to the fact that a pain drawing (pain extent) was collected 

as part of the baseline measures, therefore, in order to reduce patient burden of completing two 
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pain diagrams, the pain DETECT pain diagram was removed. Consequently, a maximum score 

of 36 was used rather than 38.  

 

 The Medication Quantification Scale (MQS) is a scale which enables pain medications 

to be quantified (Harden et al., 2005). The score is calculated by the dosage and a pre-defined 

weighting of each pain medication (Harden et al., 2005). The dosage is classified into 4 groups:- 

1= subtherapeutic dose or occasional use, 2=lower 50% of therapeutic dose range, 3=upper 

50% of therapeutic dose range and 4=supratherapeutic dose (Harden et al., 2005). The pre-

defined weighting reported by Harden et al. (2005) is a result of surveying all physician 

members of the American Pain Society. Individual pain medication scores are then totalled to 

give an overall score. The higher the score the greater the pain medication or analgesics a 

particular participant is taking.  

 

Psychological Measures 

 

 The Hospital Anxiety and Depression Scale (HADS) is a 14 item questionnaire which 

has two subscales of anxiety and depression (Zigmond and Snaith, 1983). This questionnaire 

has been used within trauma studies (Hoffman et al., 2014, Turner et al., 2019). A total of 21 

can be scored for either depression or anxiety (Zigmond and Snaith, 1983). For interpretation 

of scores the following has been suggested: 0-7 normal, 8-10 mild anxiety or depression, 11-14 

moderate anxiety or depression, and 15-21 severe anxiety or depression (The British Pain 

Society, 2019). The validity of the HADS has been established in a range of populations and 

deemed appropriate for screening for anxiety and depression features (Bjelland et al., 2002). 

Although no MCID exists for trauma, the MCID for other populations such as cardiovascular 
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disease and chronic obstructive pulmonary disease ranges from 1.3-1.8 for the anxiety subscale 

and 1.5-1.7 for the depression subscale (Smid et al., 2017, Lemay et al., 2019).  

 

 The Impact of Events Scale – Revised (IES-R) is a self-report 22 item questionnaire 

which focuses on stress which could be attributed to a recent traumatic event (Creamer et al., 

2003, Weiss, 2007, Beck et al., 2008). The IES-R includes the three aspects of post-traumatic 

stress disorder (PTSD); intrusion (e.g. nightmares, visions of the event), avoidance (e.g. not 

thinking or talking of the traumatic event) and hyperarousal (e.g. anger and exaggerated 

responses) (Creamer et al., 2003, Weiss, 2007). The IES-R can be used as a total score or sub-

divided into the subscales of intrusion, avoidance and hyperarousal. A greater score overall is 

suggestive of symptoms of PTSD but is not a diagnostic tool (Beck et al., 2008). For this study, 

as PTSD was not the main focus, an overall score was used to gain an insight into how stress 

following a traumatic event could be a contributing factor to outcome. Measurement properties 

of the IES-R have been established in a cohort following RTC’s (Beck et al., 2008). 

 

Quality of Life Measures 

 

 The EuroQol EQ-5D-5L is one of the most common outcome measures to be used 

within trauma (Hoffman et al., 2014). The self-report questionnaire is a measure of health status 

and is comprised of two components – a ‘descriptive system’ whereby a single index value can 

be calculated, and VAS rating of overall health (Devlin and Brooks, 2017). The range of index 

values are country dependant and range from 1 to -0.594 for the United Kingdom using the 

EuroQol Crosswalk value set (EuroQol Research Foundation, 2019). The EQ-5D-5L has 
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established measurement properties in multiple populations and countries (Janssen et al., 2008, 

Janssen et al., 2013).  

 

 The Short Form-36 (SF-36) 2.0 questionnaire is a generic health related QOL outcome 

measure of both physical and mental health (Ware Jr and Sherbourne, 1992, Ware Jr, 2000). 

Multiple subscales can be utilised as well as a physical component summary (PCS), and mental 

component summary (MCS) (Ware Jr, 2000). The SF-36 has been validated in people following 

musculoskeletal trauma (Kopjar, 1996). Dattani et al. (2013) reports the SF-36 MCID to be 

between 3-5 points for tibial plateau fractures, however, does not specify to which subscale this 

refers. In this particular study of tibial plateau fractures, the MCID for the PCS subscale only 

was reported as 5.5 after using a distribution method for calculating MCID. 

 

Sleep 

 

 Sleep quality was assessed using an NRS with average sleep quality since injury 

recorded as well as data collected on sleep quality over the last 24 hours, where 0 rated as worst 

possible sleep and 10 the best possible sleep (Rushton et al., 2018).   

 

5.3.8 Clinical Features of Central Sensitisation 

 

Quantitative Sensory Testing 

 

 Based on findings from previous Chapters in this thesis, to assess clinical features of 

CS, multiple QST measures were collected including PPT, CPT, HPT and TS. To evaluate 
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features of CS such as secondary hyperalgesia away from the injury site, a local and remote site 

for each measure was collected. This is in keeping with previous studies evaluating features of 

CS in the whiplash associated disorder population (Sterling et al., 2003a, Walton et al., 2011b, 

Coppieters et al., 2018). The local site was defined as within or as close to the same dermatome 

as the injured tissue and the remote site as a distant site away from the injured tissue. Injuries 

allowing, the local site mimicked the remote site on the contralateral side (Rushton et al., 2018) 

rather than one standardised remote site, acknowledging this would not be possible for every 

participant. This method was used in Chapter three for the reliability study for musculoskeletal 

trauma participants and QST was found to be reliable and both local and remote sites. All sites 

were marked using a sterile skin marking pen (Schuco Ltd, UK) prior to testing with the same 

sites used in subsequent testing. Familiarisation of the testing procedure was conducted prior 

to testing using a site which was not used for testing. The order of PPT, CPT and HPT and order 

of local and remote sites were randomised using an electronic randomising application 

(random.org). Due to the nature of TS testing this was always performed as the last test. For the 

pain threshold measurements, as in Chapter three, a MLI approach was adopted (Rolke et al., 

2006b, Cruz-Almeida and Fillingim, 2014). A typical setup of the QST testing in shown in 

Figure 5.1. 



 139 

 
Figure 5.1 A typical setup of collecting sensory measures in a hospital setting  
 

Pressure Pain Thresholds 

 PPT was measured using a handheld algometer with a 1cm2 probe (Somedic, Sweden). 

This change in algometer in this exploratory study was due to practicalities of the equipment 

not being feasible in the hospital environment and was changed as part of the wider study 

following on from the reliability study in Chapter three. Pressure was gradually increased at 

50kPa/s with the tip of the algometer perpendicular to the skin (Rolke et al., 2006b, Chesterton 

et al., 2007). The participant was asked to push a button when the pressure sensation changed 

to pain. Upon reaching the PPT and the participant pressing the button, the probe was removed. 

Two measures were taken, approximately 30 seconds apart, with a mean then calculated of the 

two measures. 

   

Cold and Heat Pain Thresholds 

 Both CPT and HPT were measured using a thermosensory analyser. Due to unforeseen 

circumstances in the wider study, the sensory analyzer machine was changed from the TSA-II 

NeuroSensory Analyzer (Medoc Ltd, Israel) to the ATS PATHWAY pain and sensory 
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evaluation system (Medoc Ltd, Israel) during data collection. The same protocol and 

accompanying software was utilised on both machines, with the only difference being that 

greater cold thresholds of -10 could be achieved on the PATHWAY system. Any safety limits 

which were observed for either machine was taken as missing data. The machine either 

increased or decreased at 10C/second, and the participant was asked to push a button when the 

sensation changed into pain. The machine then returned at the same rate to its baseline 

temperature of 320C (Rolke et al., 2006b). Two measures were taken, approximately 30 seconds 

apart, with a mean then calculated of the two measures.  

 

Temporal Summation 

TS was measured using the same handheld algometer (Somedic, Sweden) as for PPT. 

This method was adopted from Chapter four, where the new method of TS was established. A 

total of 10 repetitions were applied using a handheld algometer with a 1cm2 tip to assess TS. 

For the first repetition, pressure was gradually increased at 50kPa/s, and the participant was 

asked to push a button when the pressure changed to a sensation of pain rated as 1/10 on the 

NRS (0 being ‘no pain’ and 10 being ‘worst pain imaginable) (Graven-Nielsen et al., 2015). 

The pressure reading was subsequently used as the baseline pressure for the remaining nine 

repetitions. For each remaining repetition, the pressure was gradually increased to the level of 

the recorded pressure for first repetition at a rate of at 50kPa/s, maintained for one second and 

then immediately released. A one second inter-stimulus interval was used between pulses (Nie 

et al., 2005). 
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Pain Extent 

 To assess for widespread pain, an electronic pain drawing was collected. The participant 

used an Apple Stylus (Apple, Cupertino, CA) to draw areas of their pain on an iPad Pro 2nd 

generation (Apple Computer, Cupertino, CA) using commercially available sketching software 

SketchBook Pro (Autodesk Inc, San Rafael, CA). This procedure has been described previously 

with reliability established (Barbero et al., 2015). The body charts were either male or female 

and selected prior to giving to the participant and consisted of a frontal and dorsal view of the 

body. The participant was asked to draw as accurately as possible the pain that they were 

experiencing at the present time. Pain drawings were collected at baseline and at each inpatient 

assessment session. The pain extent of the participant is calculated from the number of pixels 

shaded by the participant and expressed as a percentage relative to the total body chart area 

(Barbero et al., 2015).  

 

5.3.9 Bias 

 

Attrition bias is a potential factor in longitudinal studies due to potential dropout rates 

(Agabegi and Stern, 2008). In an effort to reduce dropout rates, strategies included: a full 

explanation to the patient about the importance of the follow up before consent was explained, 

ensuring relevant contact details were obtained and up to date for participants by accessing 

hospital databases and sending reminders for follow up questionnaires and a phone call to 

collect CPGS data. In order to reduce any selection bias, all participants were screened by a 

team of independent research nurses prior to consenting a patient to avoid any bias in 

approaching participants of interest rather than gaining a representative sample of the cohort. 

Finally, to reduce performance bias, particularly for QST testing, the participants were blinded 
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from their scores, with the testing protocol for QST having established good reliability in 

Chapters three and four (Agabegi and Stern, 2008).  

 

5.3.10 Data Analyses 

 

  Due to the exploratory nature of this study, there was no planned statistical analyses and 

all data is reported descriptively. Means (SD), as well as minimum and maximum values are 

reported for all measures. Some measures in this study were taken at baseline, at both baseline 

and the inpatient assessment session e.g sleep quality, pain intensity and pain extent or just at 

the inpatient assessment session e.g. QST. The results are therefore separated into three 

sections: 1. Baseline measures 2. Baseline and inpatient assessment measures 3. Clinical 

features of CS.  

 

5.3.11 Missing Data  

 

For any measures in which missing data were present, this was excluded from analyses 

for that particular measure. No imputation method was used. The exception to this rule was the 

SF-36 where the accompanying software accounted for missing values in calculating the PCS 

and MCS scores.   

 

5.3.12 Interpretation of Results using Minimal Clinically Important Difference 

 

MCID can be useful in interpreting results as it represents a change whereby it would 

be considered meaningful or valuable by a patient (Copay et al., 2007). Traditionally, it is used 
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to measure change pre and post an intervention to draw conclusions on whether the intervention 

is useful (Copay et al., 2007). Multiple methods exist to determine MCID which include anchor-

based methods and distribution-based methods – both with pros and cons to each method, and 

depending on which method is used will influence the MCID (Copay et al., 2007). Within 

musculoskeletal trauma, no methodologically rigorous studies exist which have used multiple 

methods to establish a MCID for the outcome measures used in this study. However, some 

MCID values exist in other populations for some measures. Therefore, although direct 

comparison cannot be made to the results of this study, the MCID will be used in conjunction 

with means (SD) and clinical cut offs for relevant measures to offer a meaningful conclusion to 

the data presented.  

 

5.4 Results 

 

5.4.1 Participants 

 

 A total of 33 participants were recruited for this study, with 25 participants (75.76%), 

returning their six-month questionnaire and therefore included in data analyses. Of these 25 

participants, nine were graded as grade I, with 16 participants grade II-IV on the CPGS at six 

months.  
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5.4.2 Missing Data 

 

 Missing data for all measures is summarised in Tables 5.4-5.6. CPT demonstrated the 

highest amount of missing data whereby the participants followed the same trend as Chapter 

three and reached the safety limit of the machine.  

 

5.4.3 Participant and Injury Characteristics 

 

 Tables 5.2 summarises demographic characteristics for both groups, with Figure 5.2 and 

5.3 summarising the injury characteristics. The average age (SD) for the CPGS I group was 

56.59 (17.91) and 46.82 (14.68) for the CPGS II-IV group. Both groups had higher numbers of 

male participants, while ethnicity for both groups were majority white. CPGS II-IV group had 

a higher rate of employment (81.25%) than the CPGS I group (55.6%). Previous history of 

musculoskeletal pain was 22.2% for the CPGS I group and 37.5% for the CPGS II-IV group, 

whereas no participants within the CPGS I group had pre-existing psychological conditions. 

The proportion of participants with comorbidities was 44.4% for the CPGS I group and 31.25% 

for the CPGS II-IV group. 

 

 Ankle fractures, tibial plateau and pelvic and hip fractures can be seen in both groups, 

with the CPGS II-IV showing more injuries for the spine and ribs compared to the CPGS I 

group. For the mechanism of injury, the number of participants with a fall less than 2m was 

similar for both groups (CPGS I n=5, CPGS II-IV n=6), with RTC being the most common in 

the CPGS II-IV group (n=8).  The average ISS score (SD) for the CPGS I group was 5.67 (2.50), 

with six participants categorised as mild and three as moderate severity. For the CPGS II-IV 
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group the average ISS score (SD) was 8.81 (6.25), with eight categorised as mild, five moderate 

and three major severity.  

 

 The average number of days (SD) between baseline and the QST session was 1.44 (0.73) 

for the CPGS I group, with the CPGS II-IV group average 1.63 (1.15). The average number of 

days (SD) from inpatient assessment session 1 to 2 was 3.00 (2.29) for the CPGS I group and 

2.69 (0.87) for the CPGS II-IV group. This indicates very little difference in time between 

sessions for both groups.  
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5.4.4 Baseline Outcome Measures 

 

 A summary of the results collected at baseline are displayed in Table 5.3, with Figures 

5.4-5.7 showing a graphical representation of the mean differences between groups. The CPGS 

II-IV group showed lower overall health at baseline according to the EQ-5D-5L index value, 

higher anxiety and depression scores on the HADS, and higher IES-R scores. Based on criteria 

suggested for interpretation of the HADS, the CPGS II-IV group showed mild signs of anxiety 

and depression whereas the CPGS I group were within normal range. The higher IES-R scores 

for the CPGS II-IV group was suggestive of PTSD features. However, when considering the 

IES-R scores for the CPGS II-IV group, the SD is much larger indicating a greater variation in 

scores for this group. For the SF-36, both the physical and mental scores were lower in the 

CPGS II-IV group at baseline indicating lower overall health related QOL. 

 
Outcome Measure CPGS I Mean (SD), Minimum, 

maximum  
 

CPGS II-IV Mean (SD), 
Minimum, maximum  
 

EQ-5D-5L Index: 0.30 (0.26),*  
0.02, 0.77 

Index: -0.09 (0.34),  
-0.59, 0.55 

VAS 55.56 (24.55),  
20.00, 85.00 

VAS: 51.31 (27.79),  
0.00, 100.00 

HADS D: 4.44 (3.57),  
1.00,11.00  

D: 9.00 (4.47),  
3.00, 18.00 

A: 5.00 (4.58),  
0.00, 15.00 

A: 9.73 (5.98),  
1.00, 20.00 

IES-R 10.56 (6.52) 
0.00, 18.00 

34.13 (24.49) 
0.00, 77.00 

SF-36 PCS: 34.83 (9.53) 
21.68, 52.60 

PCS: 25.88 (5.92) 
16.14, 33.85 

MCS: 44.25 (15.83) 
16.39, 63.21 

MCS: 39.60 (11.98) 
14.24, 57.20 

Table 5.3 Baseline outcome measures 
A; Anxiety Subscale, D; Depression subscale, HADS; Hospital Anxiety and Depression Scale, 
IES-R; Impact of Events Scale-Revised, MCS; Mental component summary, PCS; Physical 
component summary, SF-36; Short Form-36, *n=8 
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Figure 5.4 Comparison of means for the EQ-5D-5L for the Index Value and VAS scale 
across CPGS groups  
CPGS; Chronic Pain Grade Scale, VAS; Visual analogue scale 
The bar graph represents the Index Value with the line graph representing the VAS scale. 
 
 

 
Figure 5.5 Comparison of means for the Hospital Anxiety and Depression Scale across 
CPGS groups  
CPGS; Chronic Pain Grade Scale, HADS; Hospital Anxiety and Depression Scale 
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Figure 5.6 Comparison of means for the Impact of Events Scale - Revised across CPGS 
groups 
CPGS; Chronic Pain Grade Scale, IES-R; Impact of Events Scale-Revised 
 
 

 
Figure 5.7 Comparison of means for the Short Form-36 questionnaire across the CPGS 
groups  
CPGS; Chronic Pain Grade Scale, SF-36; Short Form 36 
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the mean differences between groups. The CPGS II-IV group had higher pain intensity scores, 

medication quantification scores and pain DETECT scores at baseline and the inpatient 

assessment sessions. A trend for decreasing current pain intensity scores over the three sessions 

was observed for both groups. This trend was present for average pain intensity but appeared 

to decrease only from baseline to the first inpatient assessment session. For Pain DETECT, the 

CPGS II-IV group showed consistently higher scores compared to the CPGS I group. However, 

all scores are below the cut off of 19 where neuropathic pain is likely but this does suggest that 

for the CPGS II-IV group, a neuropathic component cannot be ruled out. Both groups showed 

poor sleep quality at baseline and the inpatient assessment sessions. For average sleep quality 

since injury, scores were similar for both groups at baseline and the first inpatient assessment 

session, but a slight decline in sleep quality for the CPGS II-IV group at the final inpatient 

assessment session was seen.  

 
Outcome Measure Session CPGS I Mean (SD), 

Minimum, maximum  
 

CPGS II-IV Mean (SD), 
Minimum, maximum 

Medication 
Quantification Score 

Baseline 15.67 (2.94), 
13.40, 20.20 

19.27 (7.04), 
6.60, 34.30 

IAS 1 15.31 (8.15), 
6.60, 33.80 

19.08 (7.53), 
6.60, 34.30 

IAS 2 12.42 (9.45), 
0.00, 27.00 

19.62 (8.74), 
4.40, 33.90 

Sleep Quality (NRS) 
(Last 24 hours) 

Baseline 3.11 (2.32), 
0.00, 7.00 

4.06 (2.79), 
0.00, 10.00 

IAS 1 3.56 (1.88), 
1.00, 6.00 

5.19 (2.23), 
0.00, 8.00 

IAS 2 4.00 (2.12), 
1.00, 6.00 

4.31 (2.82), 
0.00, 9.00 

Sleep Quality (NRS) 
(Average since 
Injury) 

Baseline 3.22 (1.79), 
0.00, 6.00 

3.69 (2.55), 
0.00, 10.00 

IAS 1 3.78 (1.86), 
1.00, 7.00 

3.75 (2.08), 
0.00, 7.00 

IAS 2 3.89 (1.27), 
2.00, 5.00 

3.06 (1.29), 
0.00, 5.00 

Pain Intensity (NRS) 
(Current) 

Baseline 3.89 (2.67), 
1.00, 8.00 

5.81 (2.66), 
1.00, 10.00, 
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IAS 1 2.67 (2.45) 
0.00, 7.00 

4.69 (2.36) 
2.00, 10.00 

IAS 2 2.56 (2.51) 
0.00, 6.00 

3.38 (2.31) 
0.00, 10.00 

Pain Intensity (NRS) 
(Average since 
Injury) 

Baseline 4.22 (2.64) 
0.00, 8.00 

6.69 (2.18) 
4.00, 10.00 

IAS 1 3.22 (2.28) 
0.00, 7.00 

5.19 (1.91) 
3.00, 10.00 

IAS 2 3.11 (1.76) 
0.00, 5.00 

5.19 (1.80) 
3.00, 10.00 

Pain DETECT Baseline 7.57 (5.19)* 
1.00, 16.00 

18.55 (6.35)*** 
9.00, 25.00 

IAS 1 9.43 (4.89)* 
2.00, 14.00 

14.44 (5.03)** 
7.00, 23.00 

IAS 2 8.86 (3.08)* 
4.00, 14.00 

15.92 (5.48)**** 
7.00, 23.00 

Table 5.4 Outcome measures taken at baseline and inpatient assessment sessions  
CPGS; Chronic Pain Grade Scale, IAS; inpatient assessment session NRS; numerical rating 
scale. *n=7, **n=9, ***n=11, ****n=13 
 

 
Figure 5.8 Comparison of means for the Medication Quantification Scale across CPGS 
groups  
CPGS; Chronic Pain Grade Scale, IAS; inpatient assessment session, MQS; Medication 
Quantification Scale, QST; Quantitative sensory testing 
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Figure 5.9 Comparison of means for the Pain DETECT across CPGS groups.  
CPGS; Chronic Pain Grade Scale, IAS; inpatient assessment session, QST; Quantitative 
sensory testing 
 
 

 
Figure 5.10 Comparison of means for current pain intensity at time of testing across 
CPGS groups 
CPGS; Chronic Pain Grade Scale, IAS; inpatient assessment session, NRS; Numerical rating 
scale, QST; Quantitative sensory testing 
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Figure 5.11 Comparison of means for average pain intensity since injury across CPGS 
groups  
CPGS; Chronic Pain Grade Scale, IAS; inpatient assessment session, NRS; Numerical rating 
scale, QST; Quantitative sensory testing 
 
 

 
Figure 5.12 Comparison of means for sleep quality over the last 24 hours across CPGS 
groups  
CPGS; Chronic Pain Grade Scale, IAS; inpatient assessment session, QST; Quantitative 
sensory testing 
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Figure 5.13 Comparison of means for average sleep quality across CPGS groups 
CPGS; Chronic Pain Grade Scale, QST; IAS; inpatient assessment session, Quantitative 
sensory testing 
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For PPT, the CPGS II-IV group showed lower pain thresholds for both local and remote sites 

compared to the CPGS I group. A gradual decline in pain thresholds is observed for the CPGS 

II-IV group across inpatient assessment sessions, whereas the PPT remained similar across the 

two sessions for the CPGS I group.  

 

 For HPT, minimal differences are seen between the two groups. For CPT, the local site 

for CPGS II-IV demonstrates greater hypersensitivity compared to the CPGS I group, whereas 

the remote site during the first session for CPGS II-IV was similar to the CPGS I group and 

showed a decrease in pain threshold by the second session. Table 5.5 summarises the missing 
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data for all measures. The SD for CPT is large, most likely due to the larger variation in CPT’s 

and low sample numbers.  

 

 For TS, interestingly, CPGS I had higher pain ratings over the 10 repetitions compared 

to the CPGS II-IV group. However, for both local and remote sites, pain ratings for the two 

groups were similar for both sessions (see Figures 5.17 & 5.18).  

 

 The CPGS II-IV showed higher pain extent in all sessions, compared to the CPGS I 

group (see figure 5.19). A trend can be seen again where the pain extent had increased by the 

second inpatient assessment session for the CPGS II-IV group whereas the CPGS I group 

remains similar across the three sessions. 

 

Measure Session CPGS I Mean (SD), 
Minimum, maximum  
 

CPGS II-IV Mean (SD), 
Minimum, maximum 

Quantitative Sensory Testing 
Cold Pain 
Thresholds (°C) 

IAS 1 L: 15.78 (10.85) n=2 
8.10, 23.45 
R: 11.58 (14.32) n=6 
-6.90, 26.00 

L: 16.83 (8.16) n=8 
6.10, 28.80 
R: 8.16 (11.71) n=7 
-2.50, 23.55 

IAS 2 L:11.35 (12.08) n=4 
0.35, 25.00 
R: 8.23 (13.30) n=5 
-10.15, 22.55 

L: 15.79 (6.90) n=7 
7.65, 26.40 
R: 13.27 (10.79) n=6 
-4.65, 24.55 

Heat Pain 
Thresholds (°C) 

IAS 1 L: 46.22 (3.51) n=7 
39.00, 49.50 
R: 46.11 (3.96) n=8 
38.10, 49.70 

L: 45.44 (2.96) n=14 
39.30, 48.95 
R: 46.36 (3.31) n=14 
38.95, 49.80 

IAS 2 L: 45.09 (3.35) n=8 
38.10, 47.90 
R: 46.28 (2.58) n=8 
40.80, 48.95 

L: 45.19 (3.70) n=13 
39.30, 49.80 
R: 47.02 (3.41) n=12 
37.10, 49.90 

Pressure Pain 
Thresholds 
(kPa)  

IAS 1 L: 421.44 (156.44),  
232.00, 691.50 
R: 491.50 (183.82) 

L: 363.97 (188.85), 
79.50, 773.50 
R: 423.03 (197.99) n=15 
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282.00, 802.50 211.00, 894.50 
IAS 2 L: 432.00 (204.66) 

190.50, 799.50 
R: 479.78 (229.66) 
208.00, 941.00 

L: 313.44 (163.50) 
67.00, 802.00 
R: 371.23 (166.06) n=15 
155.50, 692.50 

Temporal 
Summation – 
pain (0-10 NRS) 

IAS 1 L: 3.62 (2.69) 
R: 3.07 (1.67) 

L: 2.29 (1.72) n=15 
R: 2.43 (2.01) n=15 

IAS 2 L: 2.68 (2.24) 
R: 2.89 (2.36) 

L: 1.88 (1.06) n=15 
R: 2.09 (1.50) n=15 

Other Measures 
Pain Extent % Baseline 1.63 (1.44) 7.28 (5.58) 

IAS 1 1.45 (1.48) n=8 6.25 (4.41) n=14 
IAS 2 1.67 (1.64) 7.60 (7.01) n=15 

Table 5.5 Quantitative sensory testing and pain extent measures 
IAS; inpatient assessment session, NRS; numerical rating scale, SD; standard deviation 
Sample size is n=9 for the CPGS I group and n=6 for the CPGS II-IV group unless indicated 
 
 

 
Figure 5.14 Comparison of means for cold pain threshold across CPGS groups.  
CPGS; Chronic Pain Grade Scale, QST; quantitative sensory testing 
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Figure 5.15 Comparison of means for heat pain threshold across CPGS.  
CPGS; Chronic Pain Grade Scale, QST; quantitative sensory testing 
 
 

 
Figure 5.16 Comparison of means for pressure pain threshold across CPGS groups. 
CPGS; Chronic Pain Grade Scale, QST; quantitative sensory testing 
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Figure 5.17 Average pain ratings across temporal summation repetitions for CPGS 
groups for inpatient assessment session 1 
CPGS; Chronic Pain Grade Scale, NRS; numerical rating scale QST; quantitative sensory 
testing 
 
 

 
Figure 5.18 Average pain ratings across temporal summation repetitions for CPGS 
groups for inpatient assessment session 2 
CPGS; Chronic Pain Grade Scale, NRS; numerical rating scale QST; quantitative sensory 
testing 
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Figure 5.19 Comparison of means for pain extent across CPGS groups  
CPGS; Chronic Pain Grade Scale, IAS; inpatient assessment session, QST; quantitative sensory 
testing 
 

5.5 Discussion 

 

5.5.1 Summary of Results 

 

 This study has shown that over 50% of participants who have sustained acute 

musculoskeletal trauma resulting in a fracture report greater pain and disability at six months 

irrespective of the severity of their injury. Lower PPT, CPT and greater pain extent was evident 

in those with greater pain and disability (CPGS II-IV group) at six months. Across sessions, 

pain thresholds decreased over time and pain extent increased for the participants reporting 

greater pain and disability at six months. These results are therefore suggestive of features of 

CS such as secondary hyperalgesia in participants with greater pain and disability at six months. 

However other QST measures of HPT and TS were similar for both groups. 
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 Pain intensity was higher during the acute stage of injury for people with greater pain 

and disability at six months post trauma, but interestingly, on average, pain intensity decreased 

over time, irrespective of their pain and disability at six months. However, this was not reflected 

in pain medication usage where participants with greater pain and disability at six months 

showed little change in pain medication usage over time, unlike participants with lower pain 

and disability at six months. Pain DETECT scores were higher in those reporting greater pain 

and disability at six months, indicating a neuropathic pain component could be present and 

evident with greater pain and disability at six months. Sleep quality however, was similar for 

both groups, but for both groups overall was poor. The CPGS I group however did rate poorer 

sleep over the previous 24 hours before inpatient assessment sessions.  

 

 Focusing on baseline measures, health related QOL, features of PTSD and anxiety and 

depression, were all evident in participants with greater pain and disability at six months. Both 

the HADS and IES-R scores suggest that people in the CPGS II-IV group had features of 

anxiety, depression and PTSD symptoms. However, it should be emphasised that these 

questionnaires are not diagnostic tools and can only imply a potential for diagnosis.  

 

Overall, these results suggest that features of CS could be present at the acute stage 

following lower limb fractures, and the with PPT in particular, pain thresholds appear to 

decrease from the first to second testing session in participants who have greater pain and 

disability at six months. Furthermore, participants with greater pain and disability at six months 

present with greater anxiety and depression and features of PTSD soon after the injury.  

 



 163 

5.5.2 Results of this Study vs Previous Research 

 

 The use of QST to identify clinical features of CS has been used extensively in people 

following a whiplash associated disorder, with a body of evidence suggestive of the presence 

of CS or clinical features of CS (Stone et al., 2013, Van Oosterwijck et al., 2013), including 

within the acute stage of injury (Sterling et al., 2003b).  Results of the current study are in 

keeping with this literature. However, all participants in this study had sustained lower limb 

fractures, which is usually an exclusion criterion for the above mentioned studies on whiplash 

associated disorders.  

 

There are limited studies which utilise QST for injuries such as fractures. Of those that 

do exist, lower PPT has been demonstrated in people who have sustained tibial plateau (Larsen 

et al., 2016) and patella fractures (Larsen et al., 2018), as well as reduced PPT and CPT 

measured in people who have sustained ankle and distal radius fractures (Hall et al., 2016). 

However, in all of these studies, no remote hypersensitivity was demonstrated, indicating that 

the presence of CS was unlikely. These studies are in contrast to the findings of the current 

study. This could be due to a few factors. Only one of these studies evaluated patients during a 

comparable period with Hall et al. (2016) focusing on 0-5 weeks post injury, whilst other studies 

evaluating sensory changes six weeks post injury. Secondly, these injuries were isolated injuries 

which differs significantly from the current cohort where some participants had sustained 

multiple fractures and injuries. Therefore, it could be argued that multiple injuries and differing 

mechanisms of injury could induce greater or prolonged nociceptive input (Latremoliere and 

Woolf, 2009, Woolf, 2011), which could potentially induce activity dependant CS. 

Nevertheless, some participants within this study only had isolated injuries but features of CS 
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could be identified. However, activity dependant CS is a protective response and once the 

nociceptive input or inflammation reduces often widespread sensory changes dissipate 

(Latremoliere and Woolf, 2009). As this study only focuses on QST during the acute stage of 

injury, conclusions cannot be drawn on whether the features of CS identified continue after the 

acute stages of injury in this cohort of participants. However, it has been reported within the 

whiplash associated disorder population that early changes in PPT and TPT can persist up to 

two years following injury (Sterling et al., 2006).  

 

 Focusing on pain extent, no studies exist in major musculoskeletal trauma or fractures 

where pain extent is evaluated in relation to outcome or recovery. One study does exist 

however, where pain distribution following humerus fractures was compared to healthy 

controls following an exercise program, and found a greater facilitation of referred pain 

compared to healthy controls, indicating a potential association with more centrally driven pain 

(Doménech-García et al., 2018).  

 

This exploratory study has also demonstrated minimal change in HPT between sites and 

groups. This is in keeping with Hall et al. (2016) whereby no differences in HPT were 

demonstrated in ankle and distal radius fractures. As with HPT, the TS effect was not greater 

in participants with pain and disability at six months. No studies with fractures have evaluated 

TS specifically to compare to this study, however, when compared to Chapter four where a new 

method has now been utilised in musculoskeletal trauma, it is in keeping with the findings in 

that no participants asked for the testing to stop.   
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 This study has echoed findings from many studies particularly with more major trauma 

participants, where high pain intensity is well documented following musculoskeletal trauma 

(Clay et al., 2012, Rosenbloom et al., 2013). Furthermore, higher levels of psychological 

complaints such as PTSD and anxiety and depression have also been highlighted, not only in 

major musculoskeletal trauma (Sutherland et al., 2006, Sutherland et al., 2011, Giummarra et 

al., 2019) but also in the whiplash associated disorder population (Sterling et al., 2006, Dunne-

Proctor et al., 2016). This highlights the importance of measuring psychological features and 

the need for a specific tool for musculoskeletal trauma as well incorporating both 

psychophysical and PROMS to evaluate recovery in musculoskeletal trauma.  

 

5.5.3 Clinical Features of Central Sensitisation 

 

 This study has demonstrated reduced pain thresholds at remote sites away from the 

injury and greater pain extent in participants who have greater pain and disability at six months. 

This study therefore suggests that features of CS such as secondary hyperalgesia and greater 

pain extent could be present at the acute stages of injury and are more evident in participants 

with pain and disability at six months. This warrants further investigation with a larger dataset 

to identify whether clinical features of CS are predictive of pain and disability at six months. 

Differences between the local and remote sites have also been demonstrated irrespective of 

outcome at six months, also indicating potential primary hyperalgesia local to the injury site. 

Furthermore, greater pain extent at baseline is evident within those with greater pain and 

disability at six months. It should be highlighted however, that although greater pain extent was 

demonstrated in the CPGS II-IV group, the average was just under 8%. Looking at individual 

differences, pain extent of up to 25% of the body was observed for some participants in the 
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CPGS II-IV group, with the CPGS I group showing a much lower percentage of pain extent 

overall. A trend with the CPGS II-IV group demonstrated greater pain extent in the second 

inpatient assessment session, in keeping with the gradual decrease in PPT thresholds. This again 

is suggestive of features of CS and it would be interesting to see whether pain extent at six 

months followed a similar pattern and warrants further investigation. In relation to CPT 

findings, this also shows participants with greater pain and disability at six months have greater 

cold hypersensitivity, however a considerable amount of missing data is observed in this group, 

and therefore the results of CPT should be interpreted with caution. 

 

Despite the evidence of lower PPT, CPT and pain extent in those with greater pain and 

disability at six months, minimal differences were observed in HPT between groups with small 

differences observed between sites. Why minimal differences in both groups for HPT have been 

found remains unclear. Missing data for HPT was observed, again due to some participants 

reaching the safety limit, however the total number of participants for HPT was overall greater 

when compared to CPT with SD for both local and remote sites and sessions were similar across 

both groups for HPT. One explanation could be due to the higher pain medication scores, with 

this potentially impacting on pain responses and sensory testing. However, evidence suggests 

that pain killers, particularly opioids, can induce hyperalgesia (Chen et al., 2009, Colvin and 

Fallon, 2010), and particularly reduce HPT (Chen et al., 2009). It is, therefore, unlikely that 

higher medication quantification scores can explain the minimal changes in HPT in this study. 

A second explanation could be due to the nature of injuries, where inflammation is very 

common around the injury site, and although areas of direct swelling were avoided for sensory 

testing, this could impact on the testing. However, studies have shown that both local (Linley 

et al., 2010) and systematic inflammation (de Goeij et al., 2013) can induce hypersensitivity, 
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which does not offer an explanation for minimal differences between groups and overall high 

pain thresholds in HPT. Small differences however, where the mean was slightly lower for the 

local sites of both groups were observed, indicating primary hyperalgesia may have been 

present (Woolf, 2011). It would be expected that if either inflammation and or opioid 

consumption was a contributing factor to QST, that all measures would reflect hypersensitivity, 

which is not the case with these findings. This should not be ruled out in future studies.  

 

 Another interesting finding is related to TS. Interestingly, the mean NRS scores over 

the 10 repetitions was higher for the low pain and disability group. However, focusing on each 

group separately, the NRS ratings for both local and remote sites were similar within the groups, 

and only a difference between the groups was observed. On closer inspection of individual 

differences, it was noted that a few participants from the CPGS I group rated much higher on 

the NRS, which could offer an explanation of the higher NRS scores between the groups. Both 

of these participants with higher NRS scores in the CPGS I group were female. Previous 

research in TS has demonstrated differences between male and females whereby greater pain 

intensity and TS effect is observed in females compared to males (Sarlani and Greenspan, 

2002). However, high pain ratings are not consistent for all females in both groups therefore it 

is unlikely this is the sole reason for higher pain ratings in these participants.   

 

 Despite these potential clinical features of CS being identified, it cannot be ignored that 

the CPGS II-IV group had higher Pain DETECT scores indicating that a neuropathic pain 

component could be present. Neuropathic pain can present with similar symptoms of CS 

including allodynia and hyperalgesia (Greenspan, 2001). Therefore, it could be argued that the 

sensory changes observed are due to a neuropathic pain component rather than clinical features 
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of CS. However, it is unlikely that neuropathic pain was the sole cause for sensory changes 

observed as this would not explain the reduced pain thresholds away from injured site. It is 

recommended for a definitive diagnosis of neuropathic pain that a thorough clinical 

examination, including QST as well as diagnostic tests such as neuroimaging are required 

(Haanpää and Treede, 2010, Finnerup et al., 2016). Furthermore, sensory changes should be 

within the innervation of the damage nerve or nerve root (Haanpää and Treede, 2010). It could 

therefore be possible that the higher scores of Pain DETECT are reflecting the clinical features 

of CS rather than neuropathic pain. Similar findings when using the Pain DETECT have been 

found in knee osteoarthritis (Hochman et al., 2013, Moss et al., 2018). It could also be possible 

that a combination of neuropathic pain and clinical features of CS could be contributing to the 

presentation and symptoms in the early stages of injury. Recent research in the whiplash 

associated disorder population has demonstrated a potential neuropathic pain component 

particularly with small nerve fibre changes (Greening et al., 2018). With the nature of testing 

conducted in this study and no formal clinical examination and diagnostic testing for 

neuropathic pain, it is not possible to draw conclusions at this stage. However, it would be 

interesting in future work to further explore this relationship linked to chronic pain and 

disability.  

 

5.5.4 Pain, Sleep, Psychological and Quality of Life 

 

 In addition to features of CS, the second objective of this Chapter was to report measures 

known to influence outcome following injury such as psychological features. Overall, most 

measures in the CPGS II-IV group were higher, with average sleep quality being similar for 

both groups. When looking at the MCID for these some of these questionnaires, the HADS for 
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both anxiety and depression subscales, the NRS scores and the physical component for the SF-

36 all have a difference in scores between the two groups which is more than the MCID reported 

in the literature. This indicates that there are potentially meaningful clinical differences between 

the two groups. However, as emphasised earlier, most MCID reported have not been established 

specifically in this population, with multiple methods to calculate MCID. Therefore, although 

this suggests the possibility of a clinically meaningful difference between the groups, this 

should be interpreted with caution. In relation to CS, PTSD symptoms have been associated 

with greater sensory changes and pain distribution as well as greater disability in the whiplash 

associated disorder population (Dunne-Proctor et al., 2016). However, this study assessed 

patients from three months and again, does not represent the population in this study. Although 

no direct link can be made between PTSD and clinical features of CS from this exploratory 

study, this highlights the complexity around recovery and that psychological features could 

contribute to the recovery process. This includes measures such as HADS and IES-R scores 

being higher in participants with greater pain and disability at six months, something that has 

not been reported alongside psychophysical measures in this population before.  

 

5.5.5 Clinical Relevance 

 

 This exploratory study has found that clinical features of CS could be present within 

four weeks of injury alongside heightened levels of anxiety, depression and features of PTSD 

and poorer perception of QOL in participants who have greater disability at six months. This 

recognises the importance of identifying potential factors which could influence the recovery 

process from an early stage following injury, and that recovery following injury is multifaceted. 

This study has found differences in both physical and patient reported measures between the 
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two groups, indicating a benefit to a comprehensive evaluation following injury rather than just 

the use of PROMS.  For clinical practice this is of significance as this can influence the early 

pain management and rehabilitation, acknowledging that early features of CS, higher pain 

intensity and psychological features should be assessed in this early stage following injury.  

 

5.5.6 Strengths and Limitations  

 

 This is the first study to evaluate features of CS in participants following lower limb 

fractures with varying severities and injuries. No study has attempted to assess clinical features 

of CS within a hospital setting in which the environment is fast paced, changeable and with 

patients who have experienced significant musculoskeletal traumatic injuries. This study 

achieved this and as a result reported a wide range of measures in a complex cohort of patients, 

where chronic pain and disability are well documented. This exploratory study is the first step 

towards understanding the transition from acute to chronic pain and whether early features of 

CS in this population contributes to long term recovery and outcome. Follow up in this 

population is often challenging, however a rate of over 70% was achieved at six month follow 

up as well as a wide range of lower limb injuries of varying severity, giving a good 

representation of the population for this exploratory study.  

 

 However, limitations do exist and need to be acknowledged. Missing data was an issue 

particularly for CPT data and was excluded due to the safety limit of the machine. Therefore, 

although reduced CPT are observed in participants with greater pain and disability these 

findings should be interpreted with caution. Secondly, in this study we are comparing local and 

remote sites for features of CS, due to the heterogeneity of the sample and sites used, the sites 
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do vary from participant to participant. These sites were mainly tibialis anterior and the 

quadriceps with most mimicking the same site for local and remote sites. Therefore, this offers 

some confidence that this has not influenced the results and the conclusions of this study. 

Finally, although this study has demonstrated evidence to suggest features of CS could be 

present following lower limb fractures it should be acknowledged this was an exploratory study 

with a small sample size and descriptively analysed. Therefore, conclusions of this study should 

be interpreted with caution and a larger study to evaluate whether this trend is evident and 

statistically significant is now required. 

 

5.6 Conclusion 

 

 This is the first study to evaluate features of CS in the early stages following injury in a 

cohort of participants with a wide range of lower limb fractures and severity of injuries. Over 

50% of participants following sustaining a fracture complain of greater pain and disability at 

six months. Reduced PPT and greater pain extent at the acute stage of injury is suggestive of 

clinical features of CS in those that reported higher pain and disability at six months. Other 

measures such as early features of PTSD, anxiety and depression were found in participants 

with greater pain and disability at six months. These interesting findings support investigation 

within a larger data set to evaluate whether clinical features of CS predict pain and disability at 

six months. 
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CHAPTER 6 

GENERAL DISCUSSION 

 

6.1 Summary of Thesis Findings 

 

 The main aim of this thesis was to explore measures which characterise CS, determine 

measurement properties of CS outcome measures, and to investigate the clinical features of CS 

in an acute musculoskeletal trauma population. Chapter one provided a background and 

rationale for this focus including the concept of CS and the challenges in measuring clinical 

features. This highlighted that although a wide body of literature exists for subgroups of 

musculoskeletal trauma such as the whiplash associated disorders, a relatively small body of 

literature existed in more major musculoskeletal trauma such as fractures, despite the transition 

from acute to chronic pain being well documented in this population. This provided rationale 

for Chapter two in which a systematic review was conducted. 

 

Chapter two aimed to achieve objective one, investigating the outcome measures used 

to measure clinical features of CS and their measurement properties within musculoskeletal 

trauma. A systematic review was conducted which identified thirty different measures utilised 

within musculoskeletal trauma to assess CS, with the majority of studies in the whiplash 

associated disorder population. Of these thirty measures, only nine were identified to have 

investigated measurement properties within a musculoskeletal trauma population. Of these nine 

measures, eight evaluated reliability with one study evaluating construct validity. Of the 

reliability studies included, overall conclusions were difficult due to the wide range of results, 
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methods and testing sites used within the studies. This highlighted a mismatch between 

measures used within this field of research and a lack of established measurement properties. 

Furthermore, the quality of the studies included in the review were poor overall, bringing into 

question the confidence we can have in the results of the studies and the utilisation of these 

measures in musculoskeletal trauma. Additionally, no studies were found to have evaluated 

outcome measures in an acute musculoskeletal trauma population in a clinical setting. 

 

Chapter three aimed to achieve objective two and address the two key issues found in 

the systematic review: 1) lack of a high methodological quality study evaluating the intra and 

inter-rater reliability of measures of CS, and 2) no reliability study within an acute 

musculoskeletal trauma population within a hospital setting. Reliability was investigated rather 

than validity in this instance as given the nature of QST testing, established reliability is 

required before construct validity or responsiveness for example (Mokkink et al., 2018b). 

Therefore, two reliability studies evaluating multiple QST measures (PPT, TPT and TS) were 

designed and conducted in two cohorts (asymptomatic and acute musculoskeletal trauma 

populations). Moderate to good intra and inter-rater reliability was established for HPT (intra-

rater ICC range 0.76, 0.91, inter-rater ICC range 0.83, 0.95) and PPT (intra-rater ICC range 

0.41, 0.88, inter-rater ICC range 0.66, 0.92) in the asymptomatic population, with good inter-

rater reliability in acute musculoskeletal trauma for HPT (ICC local 0.86, remote ICC 0.81) and 

PPT (local ICC 0.78, remote 0.76). For both asymptomatic and musculoskeletal trauma 

participants, many participants reached the safety limit of the sensory analyzer for CPT. As a 

result, only descriptive data could be analysed together with Bland Altman plots. 

Notwithstanding the sample size, good agreement was observed with this descriptive data. TS 

reliability for both cohorts was variable, with ICC’s varying from poor to good for both the 
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asymptomatic (ICC range -0.31, 0.92) and musculoskeletal trauma participants (ICC range 

0.57, 0.94). A number of participants in both asymptomatic (n=4) and musculoskeletal trauma 

(n=5) were unable to tolerate all of the TS testing. This was particularly noticeable in the acute 

musculoskeletal trauma population.  

 

As a result of this issue with the TS testing protocol, coupled with the variable reliability 

overall, a new approach for TS testing was adopted, and a further reliability study in 

asymptomatic participants conducted which aimed to achieve objective three (Chapter four). 

With the exception of the ICC ratio scores on two sites being rated as poor, this approach 

showed improved intra and inter-rater reliability (ICC range 0.17, 0.90) with no participants 

asking for testing to be terminated due to high pain levels.  

 

Chapter five addressed objective four and investigated clinical features of CS alongside 

other measures such as pain, QOL and psychosocial features and whether these features are 

more evident in participants with greater pain and disability at six months. Chapter two and 

three highlighted the lack of studies evaluating CS within people who have sustained fractures. 

Therefore, lower limb fractures were the main focus of this exploratory study. It was found that 

over 50% of the participants reported greater pain and disability at six months irrespective of 

injury or injury severity. Features of CS such as lower PPT and CPT scores at both local and 

remote sites and greater pain extent were identified in those that went on to experience higher 

pain and disability at 6 months. Participants with greater pain and disability at six months also 

demonstrated higher scores of measures such as the HADS, IES-R, pain intensity and Pain 

DETECT scores. This exploratory study has shown that clinical signs and features of CS are 
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suggestive of the presence of CS within the acute stages of injury, something which has not 

been previously reported. This warrants further investigation in a larger cohort of patients.  

 

Finally, this Chapter (Chapter six), aims to draw conclusions and summarise the key 

findings of this thesis, the strengths and limitations of the work, clinical implications and 

directions for future research.  

 

6.2 Defining Central Sensitisation and Measuring its Clinical Features  

 

6.2.1 Defining Central Sensitisation  

 

 As discussed in Chapter one, CS is often regarded as a concept, with both peripheral 

and centrally driven factors contributing rather than the traditional ‘activity dependant CS’ 

being the sole cause to the development of clinical features of CS (Harte et al., 2018). CS cannot 

be solely measured or diagnosed by one outcome measure, (Arendt‐Nielsen et al., 2017, 

Neblett, 2018) but rather clinical features of CS such as secondary hyperalgesia can be assessed 

which can suggest a presence of CS (Williams, 2018). Chapter two highlighted the challenges 

around the concept of CS and the lack of consensus within musculoskeletal trauma with 

multiple outcome measures used. Due to the complexity of CS as a concept, currently no 

guidelines or diagnosis of CS exists (Arendt‐Nielsen et al., 2017). A lack of diagnosis of CS is 

not surprising due to the inter-play of multiple mechanisms and both peripheral and central 

factors which can contribute to the clinical presentation (Harte et al., 2018). However, for lower 

back pain suggestions of clusters of clinical presentations of CS have been suggested, which 

include both subjective (pain which is beyond the nature and extent of injury) and objective 
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(signs of hyperalgesia) indicators (Smart et al., 2011). Additionally, a classification criteria for 

musculoskeletal pain has been suggested (Nijs et al., 2014). Whereas Smart et al. (2011) used 

statistical methods to differentiate between nociceptive and neuropathic pain and CS, 

similarities with Nijs et al. (2014) classification algorithm do exist including when pain is 

inconsistent in relation to their injury or pathology, non-mechanical in presentation and exhibits 

diffuse tenderness on palpation (Smart et al., 2011, Nijs et al., 2014). Although there is no 

recommendation or consensus regarding the most appropriate outcome measures, multiple 

studies and systematic reviews suggest QST (Woolf, 2011, Van Oosterwijck et al., 2013, 

Fingleton et al., 2015, Arendt‐Nielsen et al., 2017) and pain drawings used to demonstrate pain 

extent (Lluch Girbés et al., 2016, Willett et al., 2020) could indicate the presence of CS. 

However, other studies have found that pain extent is not associated with QST measures such 

as PPT in fibromyalgia and episodic migraine participants (Barbero et al., 2017, Fernández-de-

las-Peñas et al., 2018), bringing into question whether pain extent can indicate CS in these 

populations. It is important however, to acknowledge the complexity around CS as a concept 

and the variability in the literature around assessing clinical features, with the use of a 

combination of both PROMS and psychophysical outcome measures suggested (Graven-

Nielsen and Arendt-Nielsen, 2010). Therefore, this thesis recognises the issues and explored 

them specifically in musculoskeletal trauma, and rather than focusing on a ‘diagnosis’ of CS, 

focused on clinical features of CS which could suggest the likely presence of CS. This thesis 

has demonstrated this approach to focusing on features of CS to be useful and has potential for 

this approach to be beneficial within clinical practice and future research. 
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6.2.2. Measuring Clinical Features of Central Sensitisation 

 

 Numerous challenges around measuring clinical features of CS were identified and 

addressed in this thesis, with the first few Chapters undertaking a rigorous examination of the 

concept of CS and the challenges in how to define and measure CS. Chapter two highlighted 

the lack of consensus on the ‘gold standard’ to measure clinical features of CS. It was clear 

within musculoskeletal trauma, that QST and particularly PPT and CPT were the most common 

methods used. This is in keeping with pain research that QST such as PPT was an appropriate 

method to assess clinical features of CS such as secondary hyperalgesia and widespread pain 

(Arendt-Nielsen and Yarnitsky, 2009, Cruz-Almeida and Fillingim, 2014, Arendt‐Nielsen et 

al., 2017). Furthermore, assessing TS has also been suggested to be useful in assessing clinical 

features of CS as it is thought to represent more centrally driven pain (Arendt‐Nielsen et al., 

2017). Other methods such as conditioned pain modulation, assessment of allodynia or the 

DNFS protocol could have been utilised (Rolke et al., 2006b, Arendt‐Nielsen et al., 2017), 

however a balance was sought whereby measures could be completed within a hospital setting, 

within a short period of time following acute injury.  

 

Additionally, no previous study has collected these QST measures in the acute stage 

following injury in a hospital environment in participants who have experienced various 

injuries and severities of musculoskeletal trauma. Therefore, reliability needed to be established 

not only of measures which are deemed appropriate to measure clinical features of CS, but 

within a hospital environment whereby environmental factors and ongoing treatment were 

continuing. Although it could be argued that QST has established reliability in other 

musculoskeletal conditions such as neck pain (Walton et al., 2011a) and knee osteoarthritis 
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(Wylde et al., 2011), as well as asymptomatic participants (Chesterton et al., 2007, Moloney et 

al., 2011, Marcuzzi et al., 2017), as highlighted in Chapter two, few systematic reviews exist 

evaluating reliability of QST, and those which do highlight poor methodological quality 

(Moloney et al., 2012, Kennedy et al., 2016). Furthermore, testing within this environment is 

within a ‘real life’ setting and clinically relevant. Reliability within this environment therefore 

needed to be established to 1) be confident in findings in studies completed as part of the thesis 

and 2) ensure the methods were appropriate and possible within this environment. This was 

achieved and demonstrated (Chapter three) but did identify issues with the TS protocol.  

 

 The new approach to measuring TS showed good reliability for both intra and inter-

rater reliability in asymptomatic participants and addressed the issue in the previous study 

where some people could not tolerate the TS protocol. However, although the validity of this 

new approach was not investigated, the principles of TS were adopted, involving a series of 

stimuli at a fixed intensity (pain threshold), with a fixed frequency for each participant and 

inter-stimulus interval (1 second) (Sarlani and Greenspan, 2002, Nie et al., 2005, Cruz-Almeida 

and Fillingim, 2014).  

 

 A challenge with this research was how to identify clinical features of CS within a 

cohort presenting with varying severity as well as potentially different musculoskeletal injuries. 

Although there is an argument for subgrouping e.g. focusing on ankle fractures, the current 

clinical pathway within a hospital setting for musculoskeletal trauma within the United 

Kingdom encompasses all musculoskeletal trauma that is admitted to a major trauma centre 

(NICE, 2018). Current National Institute for Health and Care Excellence (NICE) guidelines in 

development of rehabilitation following musculoskeletal trauma also use this definition (NICE, 
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2018). It is currently unknown whether there are differences between subgroups of populations, 

and future research within this area with greater sample sizes could be of benefit. However, 

although challenging in terms of potential heterogeneity of the sample, this approach is also 

clinically relevant and represents the typical patient population reflective of routine clinical 

practice. 

 

  This therefore presented a challenge of how to measure clinical features of CS in this 

cohort of patients. Multiple clinical features are suggested and discussed in Chapter one, with 

previous research often using both local and remote sites to demonstrate more widespread 

symptoms (Sterling et al., 2003a, Walton et al., 2011b, Lluch Girbés et al., 2016, Klyne et al., 

2019). All of these studies use both local and remote sites which were identical for every 

participant. Due to the nature of the injuries in this population, local and remote sites were 

investigated, and where possible the remote site mimicked the local site on the contralateral 

side of the body (injuries allowing), but all participants’ injuries were not the same and therefore 

local and remote sites differed across participants, which made collating and identifying clinical 

features of CS challenging. However, the majority of sites tested in this sample were either the 

quadriceps or tibialis anterior and only two participants did not mimic the local and remote site. 

It is important to acknowledge these limitations and to utilise other measures which could 

demonstrate clinical features of CS, such as pain extent. This allowed for an improved overall 

picture of whether features of CS could exist in this cohort of patients rather than QST measures 

alone. This is in keeping with recommendations in the literature, to use multiple outcome 

measures when evaluating features of CS (Graven-Nielsen and Arendt-Nielsen, 2010). In 

addition to this, the use of an additional PROM such as the CSI would have been of benefit. 

However, the measurement properties of the CSI have not been established specifically in this 
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population or in acute musculoskeletal pain, more so for chronic musculoskeletal presentations 

(Scerbo et al., 2018). Furthermore, as mentioned previously, Chapter five forms part of a larger 

study (Rushton et al., 2018), and due to patient burden and the volume of data collected, 

collecting additional CS measures such as the CSI was not feasible. However, in future studies 

with a focus to CS in this population, the CSI could be of benefit once measurement properties 

in an acute musculoskeletal trauma population have been established. Although this population 

is challenging to evaluate both PROMS and psychophysical measures in, this thesis has 

demonstrated this can be achieved in an acute setting with value of adding to the current 

understanding of the development of chronic pain in this population.   

 

6.3 Central Sensitisation in Acute Musculoskeletal Trauma 

 

 Chapter five has demonstrated findings whereby people with greater pain and disability 

when measured at six months with the CPGS (II-IV CPGS), have overall lower pain thresholds 

at both local and remote sites, and greater pain extent when tested during the period of acute 

symptoms compared to participants with low pain and disability (grade I CPGS). This is 

suggestive of early clinical features of CS with potential capacity to predict poor outcome, 

however these are preliminary results and further analyses are required. The features of CS 

found in this study, could be representative of this phenomenon and in keeping with the 

‘normal’ and expected response. Nevertheless, if this was the case, you would expect to see 

minimal difference between the two groups for the measures evaluated. However, this is not 

the case with differences in PPT between groups. What is not clear, is whether over time, at six 

months for example, differences in PPT and pain extent remain. This would give additional 

insight into CS and whether the changes observed at the early stages persist. Due to the 
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exploratory nature of this study and focusing on the acute stages following injury this was 

beyond the scope of this study, with additional research evaluating features of CS beyond the 

acute phase of injury now warranted. 

 

 Other measures which are suggestive of CS such as TS, minimal differences in NRS 

scores were found between the CPGS I and CPGS II-IV groups. Furthermore, although pain 

extent during the acute phase was greater in the CPGS II-IV group, the percentage of pain extent 

was low (8%), and potentially not representing widespread pain. Previous studies however 

report the percentage of pain extent rather than defining widespread specifically and compare 

this to other measures e.g. PPT (Falla et al., 2016, Palacios-Ceña et al., 2017). This approach 

was taken in this study, whereby greater pain extent was observed in participants with greater 

pain and disability at six months rather than defining widespread pain. 

 

Unique to this study, a relatively wide range of lower limb fractures were included, with 

a range of severity. Interestingly, the severity of injury did not appear to influence outcome, 

with ISS scores categorised as mild in both the CPGS I and II-IV groups. This is the first study 

to report this combination of PROMS and psychophysical measures. However, RTC’s were 

more common in the CPGS II-IV group. Within the whiplash associated disorder population, 

whereby RTC’s is the most common mechanism of injury, features of CS have been 

documented as well as poorer outcome suggested (Stone et al., 2013, Van Oosterwijck et al., 

2013). Although the injuries are different within this study, the mechanism of injury could 

influence the development of CS. As discussed in Chapter five, features of PTSD have been 

associated with greater pain extent and reduced pain thresholds in the whiplash associated 

disorder population (Dunne-Proctor et al., 2016). However, greater perceived disability and 
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features of anxiety and depression are documented for people with low back pain with features 

of CS whereby injury may not play a part in the presentation (Smart et al., 2012). The higher 

number of RTC’s in the greater pain and disability group maybe a coincidental finding, with 

future research needed following this exploratory study to identify any potential subgroups of 

interest. 

 

Finally, although the focus of the thesis was CS, it was acknowledged throughout the 

thesis that CS is a complex phenomenon and multiple factors can influence its development. 

Chapter five did observe differences between other measures amongst the two groups as well 

as some measures indicating features of PTSD and anxiety and depression. This is consistent 

with major musculoskeletal trauma research (Clay et al., 2012), and although lower pain 

thresholds and greater pain extent have been implicated to play a part in greater pain and 

disability at six months, other measures of psychological and QOL have also been identified. 

This highlights the complexity around recovery but also the importance of a comprehensive 

assessment of multiple factors following injury. Figure 6.1 demonstrates the features which this 

thesis has reported such as pain and psychological features following musculoskeletal trauma 

and demonstrates multiple factors that were found to be present in the acute stages of injury in 

participants with pain and disability at six months. The orange circles highlight the new 

knowledge which has not been previously reported in a population of lower limb trauma. This 

highlights the value in both psychophysical measures as well as PROMS and their usefulness 

in the early stages following injury.   
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Figure 6.1 Graphical representation of multiple features demonstrated in this thesis 

following lower limb trauma. 

 

6.4 The Quality of Research in the Thesis in Drawing Conclusions 

 

 In order to evaluate the quality of the research conducted in this thesis, various risk of 

bias tools and reporting guidelines have been used in order to draw meaningful conclusions.  

For Chapter two, A MeaSurement Tool to Assess systematic Reviews 2 (AMSTAR-2) 

(Shea et al., 2017) was used to evaluate the quality of the review. Using the tool to evaluate the 

systematic review, overall most standards were achieved, including a comprehensive inclusion 

and exclusion criteria, a published protocol and registered on PROSPERO, comprehensive 

search strategy and including two independent reviewers for study selection and data extraction. 

All of these factors ensure no bias has been introduced into the review through various stages 

(Shea et al., 2017). One factor which was partially reported was inclusion of a detailed list of 
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reasons for exclusion for all individual full text articles which were excluded. For both stages 

of the review, the reasons for exclusion were reported in line with PRISMA guidelines (Moher 

et al., 2009), with more detailed reasons for stage two of the review whereby authors were 

contacted for further information. Additionally, both stages of the review were conducted 

independently by two reviewers as well as contacting relevant authors and checking reference 

lists of included articles. It is therefore unlikely that any relevant articles were excluded in this 

review or bias introduced, and we can be confident in the overall results and conclusions of this 

review.   

 

For Chapters three and four, the COSMIN risk of bias tool for systematic reviews 

(Mokkink et al., 2018a) was used to evaluate the reliability studies. For Chapter three, 

methodological quality was assessed for the asymptomatic and musculoskeletal trauma 

participants separately.   

 

For the asymptomatic participants within Chapter three, the risk of bias for both 

reliability and measurement error, was rated overall as very good. The participants were stable 

between sessions, had an appropriate time interval between sessions and test conditions were 

similar e.g. environment was the same and instructions by raters.  

 

With regards to musculoskeletal trauma participants, for both reliability and 

measurement error, the risk of bias was rated overall was rated adequate. The reason for this 

was that measures were assessed on participants who were in a hospital environment and had 

an injury within two weeks. Although testing took place on the same day, two hours between 

testing ensured adequate washout period. However, despite attempting to reduce any major 
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fluctuations in symptoms between measurements, we cannot guarantee that the patients were 

stable. Consequently, despite aspects such as study design and statistical methods being rated 

as very good, methodological quality is rated adequate overall. This however, may have been 

seen as a limitation in the risk of bias tool, but can also be seen as a strength of the work in that 

it was conducted in a real life clinical situation. Furthermore, this gives some confidence that 

the methods have been established reliably in a controlled environment with asymptomatic 

participants and translated to a symptomatic population, both showing adequate reliability. 

 

Within Chapter 4, for reliability (as measurement error was not calculated for TS), the 

risk of bias overall quality was rated very good as per the first asymptomatic reliability study. 

This is not surprising as the same study design was used and therefore participants were stable 

between sessions, the time interval was appropriate, and the environment was the same.  

 

 For the exploratory study in Chapter five, no risk of bias tool was appropriate therefore 

the Strengthening The Reporting of Observational studies in Epidemiology (STROBE) 

guidelines were used (Elm et al., 2007) as a framework for evaluation. Although multiple risk 

of bias tools exist for observational studies such as the Newcastle Ottawa Scale (Wells et al., 

No date) and Downs and Black Checklist (Downs and Black, 1998), the reliability and validity 

of these scales have been questioned (Hootman et al., 2011). Additionally, due to the 

exploratory nature of this study, some questions in the tools are not relevant/appropriate for this 

study. Therefore, although the STROBE guidelines do not evaluate bias specifically, they give 

a framework to evaluate the study, and transparency of reporting results. The objectives of the 

study were clearly defined within the introduction with a short background into the topic given. 

For methodology, the setting, eligibility criteria, and all outcome measures were clearly defined 
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and explained with potential sources of bias discussed, recognising the importance of limiting 

these in observational research. In terms of reporting of results, missing data for all outcome 

measures were reported including losses to follow up. Importantly, this was taken into 

consideration when making overall conclusions. The discussion summarised key results, 

limitations and interpretations of the results based on this. Generalisability was not discussed 

due to the exploratory nature of this study.  

 

6.5 Overall Strengths and Limitations 

 

 This thesis has addressed many challenges around measures used to assess clinical 

features of CS and has done this by collecting data from a cohort of patients from whom 

previously only PROMS have been collected. Reliability was established in a range of QST 

measures within a hospital setting in the acute stages of musculoskeletal trauma; something 

which has not been achieved before. This allowed a new method to be developed for TS 

appropriate for this cohort of patients. Following on from this valuable groundwork, the 

exploratory study in Chapter five is the first to document that participants with greater pain and 

disability have lower pain thresholds and higher pain extent following acute musculoskeletal 

trauma in people who have greater disability at six months. This has been achieved in a fast-

paced large acute trauma centre in which patients are recovering from significant injuries. This 

is a real strength of this work as it has not been attempted previously to collect both 

psychophysical measures and PROMS over time during an inpatient stay. Furthermore, 

incorporating multiple mechanisms of injury and types of lower limb fractures can be seen as 

a strength to this thesis, and allows a step forward in understanding this cohort of patients whose 

trajectory of recovery is poorly understood. In addition to the focus of CS in this thesis, this 
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study reports data alongside physical measures for a wide range of pain psychological and QOL 

measures, something which no previous studies of lower limb fractures from a Major Trauma 

Centre has achieved. 

 

 However, limitations do exist. Although a rigorous systematic review was performed, 

as highlighted in Chapter two, only English studies were included in this review and some 

authors did not respond to confirm the cohort of their study. However, despite these limitations, 

it is unlikely that any additional studies would change the overall conclusions of the review.  

 

A significant limitation for Chapter three and Chapter five was the level of missing data 

for CPT. Few studies report any safety limit exclusion data, therefore it is unknown whether 

this is apparent in other cohorts or particular to test sites used. Due to this, limited conclusions 

on the CPT reliability can be made, and whether cold hypersensitivity is present in 

musculoskeletal trauma patients remains unclear. For both Chapter three and five, the reliability 

of QST measures was the primary focus. However, it should not be ignored that particularly for 

Chapter four with a new approach to testing that validity of this measure was not evaluated due 

to time constraints of the PhD. However, a gradual increase in pain ratings was observed in 

participants both in Chapter four and five indicating a temporal summation effect had occurred. 

Secondly, as TS represents the wind up phenomenon and homosynaptic facilitation (Price et 

al., 1994, Ren, 1994, Woolf, 2011), the importance of including a measure to evaluate this was 

deemed important to fully evaluate clinical features of CS rather than to focus purely on pain 

threshold measurements within the QST testing. Future studies are now required to evaluate the 

construct and criterion validity of this new approach prior to utilising this approach in future 

studies.  
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For Chapter five, this dataset has challenges in that the sites used for sensory testing 

were individual to the patient due to the nature of injures and cohort of the patient. However, 

despite this, the majority of sites used tibialis anterior and the quadriceps, allowing some 

consistency. Furthermore, QST measures were used in conjunction with pain extent findings 

which show higher widespread symptoms in people with greater disability at six months. 

Secondly, although features of CS were identified in this study, overall there was a small sample 

size and therefore these findings need to be confirmed in a larger study with a larger sample 

size with statistical analysis.  

 

Finally, although multiple measures were used throughout this thesis which included 

both PROMS and psychophysical measures, some measures such as the Pain DETECT are 

validated and more appropriate for chronic pain populations such as lower back pain 

(Freynhagen et al., 2006). As musculoskeletal trauma is documented to be complex and 

multifaceted and this has been highlighted within this thesis, evaluating pain, psychological, 

QOL, sleep quality are important and should be investigated in future studies. However, future 

research should consider the development of a patient centred, population specific outcome 

measure or measures validated for this population which reflects complexity of recovery and 

what recovery means specifically for this group of patients.  

 

6.6 Clinical Implications 

 

 The findings of this thesis have the following clinical implications: 

1. PPT, TPT and TS are reliable measures which can be conducted in an acute hospital 

environment. 
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2. These QST measures may be useful in establishing features of CS in the early stages 

following injury in conjunction with other measures such as pain extent.  

3. A high proportion of participants reported pain and disability at six months beyond the 

expected natural healing time. This emphasises that the recovery process following 

fractures is a long term process and needs to be taken into consideration. 

4. Features of CS such as lower PPT and greater pain extent have been identified in 

patients with greater pain and disability at six months. Therefore, this suggests features 

of CS should be considered in the early stages of rehabilitation and tailored to 

individuals. 

5. Other features such as psychological features including anxiety and depression and 

PTSD were observed in participants with greater pain and disability and should be 

observed and taken into account in the early stages following injury.  

 

6.7. Future Research 

 

 This thesis has addressed and discussed numerous challenges around the concept of CS 

and the measures used such as QST. The exploratory study in Chapter five has shown that 

features of CS could be present in the early stages following injury in participants with greater 

pain and disability. Further research is now required to establish whether these features are 

predictive of pain and disability at six months. The wider study discussed previously in Chapter 

five, is the next step in this area of research, whereby investigating whether multiple factors 

including QST and pain extent are predictive factors in pain and disability at six months.  
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The focus of this thesis has been around pain particularly CS and outcome at six months 

in terms of pain and disability. However, moving forward with prognostic research, it is 

important to establish the trauma survivor’s perspective on what constitutes successful recovery 

and whether this aligns with physiotherapists’ views. A successful grant application and 

qualitative study has been designed to address this question and will be conducted in the near 

future. This qualitative work which plans to explore the patients’ perspective at 4 weeks, 6 and 

12 months following injury will give a valuable insight over time of the recovery process, and 

is an important step to understanding of recovery within musculoskeletal trauma and 

developing patient centred outcome measures within this population in the future.  

 

6.8 Conclusion   

 

 This thesis has highlighted a mismatch between CS outcome measures used and 

established measurement properties within musculoskeletal trauma, with the majority of 

research within the whiplash associated disorder population. Adequate to good intra and inter-

rater reliability has been established for PPT, HPT in both asymptomatic and musculoskeletal 

trauma participants with a new method of measuring TS established and used in subsequent 

studies of this thesis. Furthermore, the reliability of QST measures in musculoskeletal trauma 

within an acute hospital environment with varying severity of injuries has been established; 

something which has not been achieved before. The exploratory study in this thesis is the first 

study to identify clinical features of CS such as greater pain extent and reduced PPT within the 

acute stages following lower limb fractures in those with greater pain and disability at six 

months. These participants with greater pain and disability also report early higher pain 

intensity and show features of anxiety and depression and PTSD. These important findings 
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support the inclusion of both PROMS and psychophysical measures in the early assessment 

following trauma and highlight the importance of future research within this population from 

onset of injury. Greater understanding of pain processes at the acute stage of injury has the 

potential to influence acute rehabilitation management to ensure better overall recovery for 

patients. 
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ABSTRACT
Introduction Pain following musculoskeletal trauma 
is common with poor outcomes and disability well 
documented. Pain is complex in nature and can include 
the four primary mechanisms of pain: nociceptive, 
neuropathic, in#ammatory and central sensitisation 
(CS). CS can be measured in multiple ways; however, 
no systematic review has evaluated the measurement 
properties of such measures in the musculoskeletal 
trauma population. This systematic review aims to 
evaluate the measurement properties of current measures 
of CS in this population.
Methods/analysis This protocol is informed and reported 
in line with the Preferred Reporting Items for Systematic 
Reviews and Meta-Analysis-P. MEDLINE, EMBASE, CINAHL, 
ZETOC, Web of Science, PubMed and Google Scholar as 
well as key journals and grey literature will be searched 
in two stages to (1) identify what measures are being 
used to assess CS in this population and (2) evaluate the 
measurement properties of the identi"ed measures. Two 
independent reviewers will conduct the search, extract the 
data, assess risk of bias for included studies and assess 
overall quality. The Consensus-based Standards for the 
selection of Health Measurement Instruments Risk of Bias 
Checklist and a modi"ed Grading of Recommendations, 
Assessment, Development and Evaluation guidelines 
will be used. Meta-analysis will be conducted if deemed 
appropriate. Alternatively, a narrative synthesis will be 
conducted and summarised per measurement property per 
outcome measure.
Ethics and dissemination This review will aid clinicians 
in using the most appropriate tool for assessing central 
sensitisation in this population and is the "rst step towards 
a more standardised approach in pain assessment. The 
results of this study will be submitted to a peer reviewed 
journal and presented at conferences.
PROSPERO registrationnumber CRD42018091531.

INTRODUCTION  
Pain is a common occurrence following 
musculoskeletal trauma and is routinely 
assessed in both research and clinical prac-
tice. Many methods exist for assessing pain 

and commonly include patient reported 
outcome measures (PROMs) such as the 
Numerical Rating Scale or the McGill Pain 
Questionnaire.1 Many of these measures have 
established measurement properties and are 
recommended as outcome measures for clin-
ical trials in chronic pain populations.1 

However, these methods are limited to 
being patient reported and often focus only 
on pain intensity.2 While this is relevant and 
focuses on patient perception and impact of 
pain, this does not identify the neurophysio-
logical mechanisms driving pain perception.3 
Identifying the underlying pain mechanisms 
for individual patients has the potential to 
allow more targeted treatments resulting in 
better outcomes.4 Furthermore, measures 
that incorporate the four domains (body 
function, activities and participation, body 
structure and environmental factors) of the 
International Classification of Functioning, 
Disability and Health allow a more holistic 
approach in assessing patients.5

Four main pain mechanisms have been 
described: nociceptive (activation of noci-
ceptors from actual or threatened tissue 
damage), neuropathic (damage, lesion or 

Strengths and limitations of this study

 Ź This is the "rst systematic review to evaluate mea-
surement properties of central sensitisation  (CS) 
outcome measures in the musculoskeletal trauma 
population.

 Ź This study utilises the new Consensus-based 
Standards for the selection of Health Measurement 
Instruments  Risk of Bias tool for systematic reviews 
to evaluate methodological quality.

 Ź While assessing other pain outcome measures in 
this population would be bene"cial, this study is lim-
ited to measures of CS only.
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disease of the somatosensory nervous system), inflamma-
tory (nociceptors activated by inflammatory mediators 
due to tissue damage) and central sensitisation (CS).4 6 CS 
can be described when the central nervous system adapts 
and amplifies pain, often when tissue healing has taken 
place and no further pathology or disease process can 
be identified.4 7 CS results from increased excitability of 
central nociceptive neurons in the cortex, brain stem, 
trigeminal nucleus and spinal cord.8 A number of mech-
anisms have been implicated in long-term CS, including 
cortical reorganisation and maladaptive neuroplasticity, 
alterations in neurochemistry, loss of inhibitory neurons, 
alerted glial activity, dysfunction of endogenous pain 
control mechanisms, alterations in grey-matter volume 
and altered structural integrity and connectivity of white 
matter.8 This results in general hypersensitivity of the 
somatosensory system, presenting with symptoms such 
as widespread pain, tactile allodynia, secondary hyperal-
gesia and a heightened response to non-noxious stimuli.7 
With multiple presentations and features, the underlying 
pathophysiological cause of CS is debated within the 
literature;3 7 therefore, CS is often regarded as a concept 
rather than a true diagnostic label.

Features of CS have been identified in many chronic 
pain disorders such as osteoarthritis, fibromyalgia, 
chronic whiplash-associated disorders and low back 
pain.7 9–11 Patients presenting with symptoms of CS typi-
cally show higher pain ratings,12 greater disability,13 are 
more likely to develop future musculoskeletal condi-
tions14 and show poorer outcomes and increased likeli-
hood of developing chronic pain.15 Features of CS have 
also been observed within the early stages of acute injury, 
for example, following a whiplash trauma, and have been 
shown to be predictive of poorer outcome in this popu-
lation.16 17

Within musculoskeletal trauma, poor outcomes and 
disability are well documented,18–20 with the question of 
why some people fully recover when others do not still to 
be answered. Recent studies recognise this issue within 
musculoskeletal trauma and are moving towards a more 
mechanistic approach in assessing patients to optimise 
recovery.21 While not all musculoskeletal trauma patients 
will present with features of CS, and be the main cause 
of poor outcome, it should not be ruled out as a cause or 
predictor of poor recovery and should be included within 
assessment of pain.

Various methods exist to assess CS including quantita-
tive sensory testing (QST),3 which aims to assess the func-
tion of the somatosensory system using various methods 
such as thermal and pressure pain thresholds,22 23 pain 
drawings where more widespread symptoms can be 
assessed3 and PROMs such as the Central Sensitisation 
Inventory24 which incorporate common symptoms of 
CS. The measurement properties of these measures have 
been reported; however, the population sample is often 
healthy volunteers25 or an alternative population group22 
which questions the value of these measures within a 
specific population such as musculoskeletal trauma.26

Established measurement properties for outcome 
measures are needed to avoid any potential bias and to 
be confident in findings when making recommenda-
tions.27 To inform and improve the selection of outcome 
measures, the Consensus-based Standards for the selec-
tion of Health Measurement instruments (COSMIN) 
initiative developed a consensus-based taxonomy of 
measurement properties with three main domains iden-
tified—reliability, validity and responsiveness— all having 
further subgroups of measurement properties.28 Further-
more, the COSMIN Checklist to assess methodological 
quality is a well-used tool both in systematic reviews and 
design and reporting of a study on measurement proper-
ties. A recent updated tool has been introduced specifi-
cally to use in systematic reviews.29 30

Currently, within musculoskeletal trauma, a vast 
range of measures are used to assess CS, highlighting 
a lack of consensus or gold standard measurement.31 32 
Previous systematic reviews investigating musculoskeletal 
pain and injury have highlighted the lack of consensus 
on the optimal measure of CS,31 33 all finding poor or 
limited methodological quality within the studies.33 34 All 
reviews have used different tools to measure quality, with 
meta-analysis not possible due to the heterogeneity of 
included studies, making conclusions and clinical impli-
cations difficult. A systematic review is needed to synthe-
sise and evaluate current practice in assessing CS to allow 
a more standardised approach, as well as being the first 
systematic review specifically investigating the muscu-
loskeletal trauma population. Specifically, the primary 
aim of this systematic review is to investigate if current 
outcome measures of CS have established measurement 
properties in the musculoskeletal trauma population, 
with a secondary aim to inform and summarise what 
measures are currently being used in this population.

METHODS
This systematic review has been designed following 
scoping searches of the available literature and is reported 
in accordance to Preferred Reporting Items for System-
atic Reviews and Meta-Analysis-P guidelines (online 
supplementary file 1).35

Eligibility criteria
Inclusion criteria
Population
Any study that examined an adult population (aged ≥16 
years) who experienced any type of musculoskeletal 
trauma. For the purpose of this review, musculoskeletal 
trauma will be defined as any musculoskeletal struc-
ture for example, bones, joints, ligaments, tendons and 
muscles that surround these structures involved in a trau-
matic injury.36 Examples of a traumatic injury include 
road traffic collisions, falls and gunshot and stab wounds. 
Studies that specifically investigate a population such 
as people following a whiplash injury will be included 
as this is deemed musculoskeletal in nature despite this 
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population often being segregated and investigated indi-
vidually. This is to ensure that the musculoskeletal trauma 
population is represented fully in this review. For studies 
with mixed aetiology, majority of the sample must be 
musculoskeletal in nature (>90%), a figure previously 
used in systematic reviews in this population.36

Outcome measures
Any study that evaluates CS using a specific outcome 
measure will be included. With no gold standard measure 
for CS, this makes defining eligibility criteria challenging. 
In order to establish robust criteria, the following criteria 
are based on current consensus in the literature and 
previous systematic reviews in the field.4 7–9 31 32

Studies will be included if one of the following is 
highlighted:
1. Reference to sensitisation of the central nervous sys-

tem using terms such as CS, central sensitivity, central 
pain modulation and widespread pain.

2. Reference to sensitisation symptoms specifically 
around sensory changes such as secondary hyperalge-
sia and tactile allodynia—symptoms well documented 
as indicators of CS.7

Outcome measures being defined as any one of the 
following:
1. Patient-reported measures or questionnaires designed 

specifically to assess CS.
2. Performance-based measures designed to assess as-

pects of CS, an example being QST—a term encom-
passing multiple sensory testing methods, which has 
been established as a good measure of features of CS.31

3. Measures that are evaluating symptoms of CS, for ex-
ample, widespread pain using pain drawings.

Measurement properties
Any study that has evaluated one or more measurement 
properties will be included in this study. This will include 
all measurement properties included in the three main 
domains (reliability, validity and responsiveness) of the 
COSMIN Taxonomy.27 28 Definitions of measurement 
properties will be in line with the COSMIN taxonomy and 
are summarised in online supplementary file 2.

Study design
Any study design apart from case studies and previous 
literature reviews including systematic reviews and 
meta-analyses will be included in this study—this includes 
randomised controlled trials, cohort studies, and obser-
vational studies.

Timing and setting
No restriction on length of study will be used in this 
review, and all-time points will be included, for example, 
from point of injury onwards. No restriction on setting 
will be used in this review.

Exclusion criteria
Any study where the primary injury is a traumatic brain 
injury, burns or neurological injury such as spinal cord 

injuries will be excluded. These subgroups of patients 
will be excluded due to various other specific measures 
being developed for these patients, for example, neuro-
logical-specific PROMs validated in this population,37 
together with other factors such as reduced consciousness 
and pain not a primary factor in recovery, for example, 
brain injury.38 Papers that are not written in English will 
be excluded.

Information sources
A search strategy has been developed using medical 
subject headings, where available, and relevant text words 
relating to musculoskeletal trauma, CS and measurement 
properties. Databases to be encompassed in the search will 
include MEDLINE (OVID interface), EMBASE (OVID 
interface), CINAHL (EBSCO interface), ZETOC, Web of 
Science, PubMed and Google Scholar from inception.

Hand searching of key journals such as Musculoskel-
etal Science and Practice, PAIN, European Journal of Pain, 
The Journal of Pain and The Clinical Journal of Pain as well 
as contacting relevant leading researchers in the field 
will be conducted. Grey literature searching will include 
British National bibliography for report literature, open-
Grey, dissertation abstracts and EThOS.

Search strategy
Two independent reviewers will complete the search and 
identify potential studies to be included in the review. No 
study design, date or language limits will be used during 
the search, to ensure that no relevant studies are missed. 
An initial MEDLINE search strategy will be developed 
and then adapted with relevant syntax and subject head-
ings for other databases. Recommended search filters 
specifically designed for retrieving articles on measure-
ment properties will be used where appropriate.39 40

The search will take place in two stages:
1. Initial search to identify the outcome measures used in 

the musculoskeletal trauma population.
2. Secondary search identifying studies assessing mea-

surement properties. This secondary search will focus 
on the outcome measures that were identified in the 
first search only.

In the event that there are a limited number of studies 
to evaluate measurement properties (four or less) in the 
specific population of adult musculoskeletal trauma, the 
secondary search will be widened to general musculoskel-
etal conditions such as osteoarthritis and fibromyalgia or 
healthy subjects, but findings will be evaluated and synthe-
sised separately. Healthy subjects will be included as well 
as musculoskeletal conditions in order to capture studies 
that have evaluated measurement properties such as reli-
ability, which can then inform future studies in a sympto-
matic population. An example of the search strategy for 
both stages is summarised in online supplementary file 3.

Data management
All search results will be uploaded and stored on 
Endnote Version X8 (Clarivate Analytics) software 
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programme. This will allow any duplicates to be identi-
fied and removed. Abstracts and full texts will be stored 
on Endnote. Screening questions and forms will be devel-
oped based on inclusion/exclusion criteria for the title 
and abstract screening and full-text retrieval.

Study selection
Two reviewers will independently screen titles/abstracts 
against the prespecified inclusion/exclusion criteria and 
subcategorise into include/exclude/unsure.41 Full texts 
will then be obtained for all articles that appear to meet 
the inclusion criteria. If there is uncertainty in inclusion 
criteria for a specific paper, the full text will be retrieved 
for further clarification.42 Authors will be contacted for 
additional information if required. Screening of full 
texts will be conducted in the same manner using the 
predefined criteria and conducted independently.

At both stages, articles will be included if both authors 
agree that the eligibility criteria are met. Any disagree-
ment between the two reviewers will be first discussed in a 
consensus meeting between the reviewers, and if needed 
an independent reviewer sought if no agreement can be 
made. Information on excluded studies and reasons for 
exclusion will be collated and reported.

Data collection process
A standardised form developed for this review will be 
used to extract information from included studies. Both 
reviewers will independently extract information, with 
one reviewer then collating the information. Any disagree-
ments between the reviewers will be discussed and/or 
reviewed by a third reviewer. Prior to data collection, a 
pilot of the data collection form will be conducted to 
ensure all relevant information is collected, and updated 
if needed.

Data items
The items to be extracted from included studies are 
summarised in table 1. Authors will be contacted for 

clarification and any missing data if needed. In the event 
of two or more papers being identified from the same 
study, authors will be contacted for further information 
to ensure the data are not duplicated in the review.

Outcomes and prioritisation
As no gold standard method exists for CS, no primary 
outcome measure is identified for this review.

Risk of bias in individual studies
The COSMIN Risk of Bias Checklist for systematic reviews 
will be used for risk of bias and methodological quality in 
individual studies.29 Revised from the original COSMIN 
Checklist, this new tool is specifically designed to evaluate 
studies on measurement properties in systematic reviews. 
The new checklist includes standards for each measure-
ment property for both design and preferred statis-
tical methods, and rates each study as either very good, 
adequate, doubtful and inadequate quality.29 40 Although 
currently no literature exists on the measurement prop-
erties of the new tool, the previous COSMIN Checklist 
demonstrated adequate reliability,43 a basis from which 
this new tool has subsequently been developed. As the 
COSMIN Risk of Bias Checklist was originally developed 
for PROMs, as with previous COSMIN tools, it can be 
adapted for other measures that are not PROMs, which 
is recommended by the COSMIN group.40 As with the 
screening process, two independent reviewers will assess 
and score the risk of bias for all included studies. Any 
disagreements between the two reviewers will be discussed 
in a consensus meeting. If no agreement can be made, 
again a third reviewer will be consulted. The percentage 
of agreement between the two reviewers will be reported 
in the results section of the final review.

Data synthesis
Following scoping searches of current available literature 
together with the heterogeneity of the population, pooling 
of data may not be possible; however, it will not be ruled 
out and will be assessed prior to synthesis and conducted 
if possible. If deemed not possible, a narrative synthesis 
will be conducted. Synthesis of results will follow recom-
mendations from the COSMIN guidelines for systematic 
reviews.40 Individual studies will be assessed for method-
ological quality and rated against the predefined criteria 
for good measurement properties (online supplementary 
file 2).40 44 Evidence will be pooled or summarised per 
measurement property per outcome measure with the 
overall result rated again against the criteria for good 
measurement properties. The overall quality of evidence 
will then be assessed using a modified Grading of Recom-
mendations Assessment, Development and Evaluation 
(GRADE) approach.40

Meta-biases
In order to determine whether any reporting bias is 
present, a detailed search for unpublished studies will be 
conducted, for example, accessing any past conference 
proceedings in the last 10 years, and internet searches, 

Table 1 Summary of items to be extracted from included 
studies

Content Data items

General study Information Authors, year of publication
Study characteristics Sample size, study design, 

measurement time points, 
country

Patient characteristics Age, gender, type of trauma, 
mechanism of trauma, duration 
of symptoms

Outcome measures CS outcome measures
Other outcome measures used

Measurement properties Measurement properties 
assessing statistical methods 
used and results

CS, central sensitisation. 
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with consistency between protocols and published studies 
examined, if protocols are available. Currently, no trial 
registry exists for measurement property studies; there-
fore, trial registries will not be searched.

Con!dence in cumulative evidence
Overall strength and quality of evidence will be inves-
tigated using a modified GRADE approach as recom-
mended by the COSMIN guidelines for systematic 
reviews.40 Four of the GRADE factors will be used: risk 
of bias, inconsistency, imprecision and indirectness with 
publication bias being omitted. This is due to the diffi-
culty in assessing this factor due to no registry currently 
existing for measurement properties.40

Patient and public involvement
The research question in this study was developed 
following consultations and discussion within patient 
and public involvement meetings. Patients will not be 
involved in the analysis and data collection of the system-
atic review.

Clinical implications of this study
CS is complex in nature and can cause significant disability 
and pain for individuals. This in turn can impact on an 
individual’s recovery and other factors such as return to 
work rate following injury. A timely and accurate diag-
nosis by clinicians will allow tailored management and 
better outcome, in which outcome measures can comple-
ment diagnosis. The definition of CS itself is challenging, 
with multiple symptoms and clinical presentations, for 
example, the onset of CS can often be attributed to tissue 
damage or nerve injury, but in some cases no peripheral 
pathology exists.45 Established measurement properties 
of outcome measures are needed in clinical practice and 
research in order to use the most appropriate tool. This 
systematic review will allow clinicians to make informed 
decisions on the most appropriate outcome measures 
when assessing CS, working towards a more standardised 
approach of CS assessment. This systematic review will 
inform both clinical practice and further research into 
this topic.
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ABSTRACT
Introduction Pain is an expected and appropriate 
experience following traumatic musculoskeletal injury. 
By contrast, chronic pain and disability are unhelpful 
yet common sequelae of trauma-related injuries. 
Presently, the mechanisms that underlie the transition 
from acute to chronic disabling post-traumatic pain are 
not fully understood. Such knowledge would facilitate 
the development and implementation of precision 
rehabilitation approaches that match interventions to 
projected risk of recovery, with the aim of preventing poor 
long-term outcomes. The aim of this study is to identify 
a set of predictive factors to identify patients at risk of 
developing ongoing post-traumatic pain and disability 
following acute musculoskeletal trauma. To achieve this, 
we will use a unique and comprehensive combination 
of patient-reported outcome measures, psychophysical 
testing and biomarkers.
Methods and analysis A prospective observational study 
will recruit two temporally staggered cohorts (n=250 each 
cohort; at least 10 cases per candidate predictor) of 
consecutive patients with acute musculoskeletal trauma 
aged ≥16 years, who are emergency admissions into 
a Major Trauma Centre in the United Kingdom, with an 
episode inception de"ned as the traumatic event. The 
"rst cohort will identify candidate predictors to develop 
a screening tool to predict development of chronic and 
disabling pain, and the second will allow evaluation of 
the predictive performance of the tool (validation). The 
outcome being predicted is an individual’s absolute risk 
of poor outcome measured at a 6-month follow-up using 
the Chronic Pain Grade Scale (poor outcome ≥grade 
II). Candidate predictors encompass the four primary 
mechanisms of pain: nociceptive (eg, injury location), 
neuropathic (eg, painDETECT), in"ammatory (biomarkers) 
and nociplastic (eg, quantitative sensory testing). 
Concurrently, patient-reported outcome measures will 
assess general health and psychosocial factors (eg, pain 
self-ef"cacy). Risk of poor outcome will be calculated 
using multiple variable regression analysis.

Ethics and dissemination Approved by the NHS 
Research Ethics Committee (17/WA/0421).

INTRODUCTION 
Pain is an expected and appropriate experi-
ence that usually follows traumatic injury.1 
By contrast, chronic pain and disability are 
unhelpful but common sequelae of trau-
ma-related injuries.2 Gaining an under-
standing of why some people develop 
chronic and disabling post-traumatic pain is 
therefore a priority for individual patients, 
the military and society at large. Notwith-
standing, the mechanisms that underlie the 
transition from acute to chronic disabling 
post-traumatic pain are not fully understood. 
Such knowledge would facilitate the devel-
opment and implementation of a clinical 

Strengths and limitations of this study

 Ź A comprehensive array of candidate predictive fac-
tors will allow for the prediction of chronic and dis-
abling pain following trauma.

 Ź These predictive factors will enable the develop-
ment and validation of a predictive tool to predict 
good and poor outcome at 6 months postinjury.

 Ź The prospective design of the study enables control 
of unwarranted in$uences and enables a stronger 
case for inferring causal relationships.

 Ź Identifying predictive factors related to poor out-
come of pain and disability outcome will facilitate 
targeting of effective interventions.

 Ź Other candidate predictors may have been useful to 
include (eg, vibration thresholds), but consideration 
of burden to participants of testing and sample size 
considerations necessitated prioritisation of candi-
date predictive factors.
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pathway of care that matches interventions to projected 
risk of poor recovery, with the aim of preventing poor 
long-term outcomes. This project stems from advances in 
knowledge relating to the assessment and management 
of pain3 and the quantification of potential predictive 
factors to inform personalised rehabilitation; identifying 
which patients to target with rehabilitation and when 
and how to target them.

Few studies have specifically explored predictive factors 
for recovery, whether poor or good, following phys-
ical trauma. Of those that have psychosocial variables, 
such as anxiety, depression and post-traumatic stress, 
have so far been identified as the strongest predictors 
of outcome.4–7 However, only a limited number of vari-
ables have hitherto been evaluated as potential predictive 
factors. Indeed, current opinion regarding pain mech-
anisms8 suggests that the development of chronic pain 
and disability cannot be entirely attributable to psycho-
social factors. This is consistent with research in primary 
care that has identified predictive factors for poor 
outcome across a range of musculoskeletal pain condi-
tions,9 which include: widespread pain, high functional 
disability, high pain intensity, long pain duration, high 
depression/anxiety, presence of previous pain episodes, 
movement restriction and poor coping strategies. More-
over, developments in the mechanistic understanding of 
pain10–12 suggest that other measures (eg, indicators of 
central sensitisation and inflammatory activity) may have 
potential predictive utility, especially in an acute trauma 
population.

Aims of study
1. Using a unique combination of (1) general patient 

characteristics including premorbid neuropsycholog-
ical status, (2) quality of life and physical functioning, 
(3) psychosocial features, (4) injury characteristics, 
(5) pain characteristics, (6) quantitative sensory test-
ing and (7) biomarkers, we aim to find a set of predic-
tive factors to identify patients at risk of developing 
ongoing post-traumatic pain and disability following 
acute musculoskeletal trauma. This will subsequently 
inform the feasibility of developing and evaluating a 
new clinical care pathway of precision rehabilitation 
that matches interventions to the predicted risk of 
poor recovery.

Objectives
(1) Identify predictive factors for poor outcome (chronic 
pain and disability at 6 months postinjury) following acute 
musculoskeletal trauma. (2) Develop a predictive model 
to inform a screening tool to identify the predicted risk of 
poor recovery (transition from acute post-traumatic pain 
to chronic pain and disability). (3) Estimate the predic-
tive performance of the screening tool through valida-
tion of the model in a separate dataset. (4) Document the 
clinical course of symptoms at 3 and 12 months following 
acute musculoskeletal trauma.

METHODS AND ANALYSIS
Source of data
The study will be a prospective, observational study of 
two temporally staggered cohorts of patients with trauma, 
who are emergency department admissions into a Major 
Trauma Centre in the United Kingdom, with an episode 
inception defined as the traumatic event (figure 1). The 
first cohort will facilitate development of the prediction 
model to inform the screening tool, and the second will 
enable validation of the prediction model through eval-
uation of the predictive performance of the model and 
tool.13 14 There will be an interval of at least 6 months 
between recruitment into the two respective cohorts. The 
prospective design enables control of unwarranted influ-
ences and enables a stronger case for inferring causal 
relationships. The nature of the study necessitates predic-
tive statistical modelling.15 This protocol is written in line 
with the TRIPOD (transparent reporting of a multivari-
able prediction model for individual prognosis or diag-
nosis) statement,16 in which recommendations are given 
for the reporting of prediction model development and 
validation.

Self-reported and physical assessment predictive data 
will be collected at baseline over a period of up to 14 
days (or duration of inpatient stay if shorter), which 
will commence immediately following recruitment. 
Biomarker data collection will occur throughout the 
same baseline period, but can commence prior to recruit-
ment providing assent is gained from a legal consultee. 
The outcome data will be collected at 6 months postinjury 
(working definition of chronic pain)17, the point of eval-
uation of an individual’s absolute risk of poor outcome 
(objectives 1, 2 and 3). In addition, selected data will be 
measured at 3 and 12 months postinjury to explore the 
clinical course of recovery following injury in the shorter 
and longer terms (objective 4).

Participants
Participants will be recruited from the register of a Major 
Trauma Centre in the United Kingdom for a period 
of up to 24 months (planned start date January 2018). 
All consecutive eligible patients will be approached for 
recruitment until the sample size is achieved.

Eligibility criteria
Inclusion criteria: adult patients aged ≥16 years who are 
admitted to emergency department of the Major Trauma 
Centre, with their main criteria for admission being 
acute musculoskeletal trauma within the preceding 14 
days, and a capacity to use and understand written and 
verbal English language and a mental capacity to provide 
informed consent (eg, no confusion, delirium, severe 
cognitive impairment or severe mental illness, defined 
by a score of ≤6 on the Abbreviated Mental Test).18 The 
primary reason for including patients with trauma occur-
ring up to 14 days, is to be inclusive of patients who are 
critically ill and/or with diminished mental capacity 
initially following their trauma, patients requiring surgery 
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as a result of the trauma and representative of the broad 
trauma population.

Exclusion criteria: exclusions will be made where 
the patient has an acute intracranial lesion (eg, bleed) 
combined with a score of ≤14 on the Glasgow Coma 
Scale19 (a 15-item measure of consciousness impair-
ment with adequate reliability20 that is routinely taken 
in patients with trauma at hospital admission), where 
there is evident brain or central nervous system injury or 
impairment, long-term neurocognitive disorders (such as 

brain tumour, multiple sclerosis, Alzheimer’s and Parkin-
son’s diseases and so on), comorbid cancer, the presence 
of an ongoing rheumatological condition, prolonged 
use of corticosteroids or terminal illness with short life 
expectancy.

Withdrawals: participants will be informed that they 
are free to withdraw from the study at any time, without 
needing to provide reason. In the event of death within 3 
months of being recruited, participants will be automati-
cally withdrawn from the study and the primary predictive 

Figure 1 Study design. CNS, central nervous system. 
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analysis. Baseline data of all withdrawn participants will 
be kept and compared with those of retained participants 
to assess for any differences.

Recruitment
Based on feasibility data (site data from the Trauma 
Audit and Research Network), it is estimated that at least 
1000 eligible patients with trauma will be approachable 
for recruitment over a 24-month period, and that 50% 
would be expected to consent to participation. A dedi-
cated team of research nurses will be available to recruit 
patients 7 days per week (from 0700 to 1930).

Because of impairments resulting from their inju-
ries, some otherwise eligible patients will lack the 
mental capacity to provide informed consent when first 
approached to enrol in the study. Recruitment into the 
study will therefore be undertaken under the guidance 
and provision of the (UK) Mental Capacity Act 2005 for 
research in emergency situations. If the patient lacks 
sufficient capacity to consent, written assent for study 
participation will be sought from a legal consultee to 
begin biomarker data collection (blood samples), with 
informed consent for full recruitment (and subsequent 
data collection) being sought from the patient only if, 
and when, they regain sufficient capacity to provide this. 
If the patient does not regain capacity to provide consent 
within 14 days of their trauma, they will not be recruited 
into the study, biomarker data collection will cease and 
any blood samples already collected will be destroyed 
before analysis.

Once informed consent is gained and the participant 
recruited, following a minimum 1 hour lead time after the 
informed consent process (to reduce patient burden), 
members of the research team will visit the patient at 
their bedside to collect baseline self-reported data via 
questionnaires (table 1). On the next available working 
day following completion of the questionnaires (again, to 
reduce patient burden), members of the study team will 
return to the patient to conduct the first physical (quanti-
tative sensory testing) assessment. At each visit, if deemed 
necessary, the capacity of the participant will be checked 
using an Abbreviated Mental Test18 (a score of ≤6 is indic-
ative of reduced capacity), and asked if they are happy to 
proceed with data collection.

Outcome
The outcome for the prediction model is an individu-
al’s absolute risk of poor outcome (chronic pain and 
disability) at 6 months postinjury. Outcome will be 
measured using the Chronic Pain Grade Scale (CPGS),21 
which combines pain intensity and pain-related disability 
over the preceding 6 months into a single measure of 
pain severity. The CPGS has previously been used to 
assess the severity of body-wide chronic pain in general 
population,22 primary care23 and post-trauma24 popula-
tions. Each item of the CPGS relates to at least one of 
the three categories of the International Classification of 
Functioning, Disability and Health (ICF)25: impairment, 

activity limitations and restricted participation. Further-
more, all ICF categories are encompassed by the CPGS.26 
The CPGS is a unidimensional scale, with good internal 
consistency across different pain populations; Cronbach’s 
alpha of 0.84 to 0.91 in back pain, 0.79 for headache and 
0.84 for temporomandibular pain.21 27 With regards to 
construct validity, cross-sectional and longitudinal studies 
of general practice patients have shown high scores on the 
CPGS, indicating greater chronic pain, to be associated 
with higher rates of unemployment, greater pain impact 
scale scores, greater use of opioid analgesics and physi-
cian visits, depressed mood and lower self-rated health 
status.21 27 28 For convergent validity, the CPGS has been 
found to have good correlation with equivalent dimen-
sions of the SF-36.27 28 In terms of responsiveness, changes 
in score over time in patients with chronic musculoskel-
etal pain correlated significantly with changes in SF-36 
scores.29 The CPGS has also been shown to have good 
test–retest reliability in primary care patients with back 
pain (weighted kappa 0.81, 95% CI 0.65 to 0.98).27

Although pain persistence is not used in assigning pain 
grade, a measure of pain days in the prior 6 months is 
included in the CPGS.30 The responses on the remaining 
seven items are used for computing scores for the three 
subscales of the CPGS21: characteristic pain intensity, 
disability score and disability points. The characteristic 
pain intensity score (range: 0–100) is obtained by calcu-
lating the mean of three pain intensity measurements: 
‘at the present time’, the ‘worst pain’ in the preceding 
6 months and the ‘average’ pain over the preceding 6 
months. The disability score (range: 0–100) is obtained 
through the mean ratings of how much the pain has 
interfered in performing activities of daily living, recre-
ational, social and family activities, and work (including 
housework) activities in the last 6 months. The disability 
points are scored 0–3 and are derived from a combina-
tion of ranked categories of the number of disability days 
(the number of days that the respondent was away from 
usual activities in the preceding 6 months due to pain) 
and disability score. Based on these scores, the partici-
pant’s chronic pain and disability status can then be clas-
sified into one of the five ordinal categories of chronic 
pain severity21: no pain (Grade 0), low disability and low 
intensity pain (Grade I), low disability and high intensity 
pain (Grade II), high disability and moderately limiting 
intensity pain (Grade III), and high disability and severely 
limiting intensity pain (Grade IV). As in previous studies, 
poor outcome will be defined as grade ≥II.23 31–34

Candidate predictors
Candidate predictors have been selected that are: (1) 
reliable and valid measures of their domain, and (2) 
have a theoretical association with the development of 
chronic pain. Both modifiable and non-modifiable candi-
date predictors are included. Candidate predictors are 
summarised in table 1, with further detail in the online 
supplementary file S1. Table 1 details important data 
that will be measured at 3, 6 and 12 months postinjury to 
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explore the clinical course of recovery following injury in 
the shorter and longer terms. All data collection will be 
standardised through protocols and clinical report forms.

Data handling
Blood samples will be collected through the clinical 
and research nurse teams, while the participant is in the 
hospital, and either analysed immediately (C-reactive 
protein) or securely stored for subsequent analysis (cell-
free DNA). Baseline self-reported questionnaires, pain 
and injury drawings, and physical assessments will be 
collected by one of three trained assessors from the study 
team. Inter-rater reliability studies (across two assessors) 
will first be conducted in both healthy and trauma popu-
lations to inform definitive testing protocols. The order 
of physical assessment data collection will be randomly 
assigned (using computerised randomisation software) 
according to the modality of testing and by site, to prevent 
order effects. Follow-up self-reported questionnaires will 
be posted to participants at their home addresses; with up 
to two postal reminders and a telephone call for non-re-
sponse. All questionnaires will be formatted so that data 
can be scanned or entered directly into an electronic 
database. Following data entry, data will be checked by 
a second researcher for completeness and accuracy. In 
addition, regular audits of data collection and storage 
will be performed by an independent study management 
committee. Participant identifiable information will be 
securely stored within the hospital, in line with current 
United Kingdom data protection legislation, and only 
accessible by the site Principal Investigator and Research 
Nurse team who will not be involved in data analysis. All 
outcome measure data will be securely transferred within 
an anonymised database file to physically secure servers 
at the University of Birmingham, and stored for a period 
of 10 years in line with Research Governance procedures. 
Participants will receive usual care and interventions 
received will be recorded for descriptive analysis. Anony-
mised data will be analysed using IBM SPSS Statistics.

Sample size
In predictive modelling, a larger sample size enables lower 
bias and variance, and permits the prospective prediction 
of new observations.15 The number of predictors will be 
reduced using exploratory factor analysis. This process will 
ensure that the sample size provides at least 10 cases per 
candidate predictor, to adequately power the final regres-
sion analysis.35 36 Data will be collected for an estimated 
300 participants per cohort (n=600 total) to allow for 
withdrawals (primarily expected deaths within the first 3 
months) and losses to follow-up, so that final data are avail-
able for 250 participants per cohort (n=500 total).

Statistical analysis methods and management of missing data
For each cohort, potentially eligible patients, numbers 
examined for eligibility, confirmed eligible, recruited 
into the study, completing follow-up and analysed will be 
reported in a flow diagram. Reasons for non-participation, 

exclusion, drop-outs and withdrawal (eg, death) will be 
reported at each stage. Participant characteristics will be 
descriptively presented. For each variable of interest, the 
number of participants with missing data will be reported.

For the first cohort to develop the predictive model, 
an initial exploratory data analysis stage will summarise 
the data.15 Correlations between candidate predictive 
factors will be calculated at baseline. Outcome (CPGS) 
scores will be dichotomised into good and poor cate-
gories as described previously. Data reduction will 
use exploratory factor analysis to assess factor loading 
of candidate predictors (summary scores) on poor 
outcome at 6 months. This will enable the number of 
candidate predictors entered into the final model to be 
reduced to 25, which can be supported by the cohort 
sample of 250. This process reduces the risk of over-fit-
ting the model and the risk of selecting the wrong vari-
ables due to correlation between predictor variables 
(multicollinearity).37

Statistical modelling for prediction has been planned a 
priori. To explore the influence of each predictive factor on 
poor outcome at 6 months, a logistic multivariable regres-
sion model will be fitted to the dichotomised outcome 
scores to calculate low and high risk of poor outcome. Odds 
ratios for each candidate predictive factor will be reported, 
adjusted for other factors and account for clustering (eg, 
level of injury severity). If necessary, multiple imputation38 
will be used to deal with missing outcome data. The char-
acteristics of those patients with and without 6-month data 
will also be compared, to inform whether patients with no 
6-month data were missing at random. Reduced multivari-
able analyses will be considered if necessary (eg, removing 
one of two candidate predictive factors that are highly 
correlated at baseline), to examine the robustness of the 
conclusions.

Risk groups and development of the predictive screening tool
The predictive model will be used to develop a risk strat-
ification tool to inform an individual’s absolute risk of 
poor outcome. The stratification tool will inform clinical 
decision-making for precision rehabilitation. Items will 
be selected for the model if they are statistically signifi-
cantly (P<0.05) associated with poor outcome in the 
logistic regression analysis, and those deemed clinically 
important to retain using expert opinion (regardless of 
statistical significance, study steering group) to improve 
face validity for clinicians and avoid overfitting of the 
model.37 The regression model with included predictive 
factors will be fitted to the data from the first of the two 
cohorts to obtain a final set of parameter estimates (i.e. 
alpha and beta terms), which will be used to form the 
model. An important requirement of the stratification 
tool is that it should be sufficiently brief to facilitate use in 
clinical practice. Thus, we will look to simplify the model 
where possible to facilitate its use, but without important 
reduction in its predictive ability in terms of calibration 
and discrimination. For example, if multi-item ques-
tionnaire scores are included in the model, then we will 
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evaluate whether just one of the questionnaire items is 
sufficient. Ideally, this process will result in a full and 
simplified model.

Development versus validation
For validation of the model, data from the second of the 
two cohorts will be compared with that of the first to enable 
analysis of the distribution of important variables, inclusive 
of demographic, predictor and outcome variables. The 
predictive performance of the screening tool (discrimina-
tion, calibration and goodness of fit) will be assessed using 
data from the second cohort. Data in both cohorts will be 
consistent in terms of setting, eligibility criteria, outcome 
and predictors.

DISCUSSION
There is an urgent need for a robust predictive study to 
predict the transition from acute to chronic pain in a muscu-
loskeletal trauma population. Using such a comprehensive 
array of outcome measures will allow the development and 
validation of a predictive tool to predict development of 
chronic and disabling pain, and begin the process of identi-
fying appropriate and precision interventions.

The candidate predictors used in this study have been 
chosen to be as comprehensive as possible, based on 
current knowledge of pain science. Other candidate predic-
tors were considered (eg, microRNA biomarkers), but their 
mechanistic functions and temporal progression are not yet 
sufficiently clear to justify the expense of their inclusion. 
The combination of patient-reported outcome measures, 
psychophysical testing and biomarkers that are included 
are designed to act as surrogates for the four primary mech-
anisms of pain8 39 40: nociceptive (injury location, severity and 
characteristics), neuropathic (painDETECT tool and pain 
extent, inflammatory (biomarkers) and nociplastic (quan-
titative sensory testing, painDETECT and pain location 
and extent). In addition, other patient-reported outcome 
measures (eg, pain intensity, post-traumatic stress, anxiety 
and depression, coping and pain self-efficacy) are included 
as the domains that they measure have been shown to influ-
ence prognosis for long-term outcomes in populations with 
pain in a range of locations.9 23 24

Rehabilitation is widely regarded as an important 
component of post-trauma healthcare41; however, the 
current position of equipoise means that precision reha-
bilitation has not yet been identified. Understanding 
mechanisms that underlie the transition from acute to 
chronic pain is essential to moving beyond this position. 
Identifying predictive factors related to poor outcome 
of pain and disability outcome will facilitate targeting of 
effective interventions. This will inform rehabilitation 
decision-making and facilitate improvements in clinical 
and cost-effectiveness of rehabilitation interventions.

Limited research has identified criteria for quality in a 
predictive model, but authors have identified potential 
quality issues to ensure methodological rigour.42 These 
issues are summarised in table 2 and incorporated into the 

study design to ensure low risk of bias in development and 
validation of the predictive model.

Patient burden and potential distress
The primary ethical concern is to limit distress on partic-
ipants. As such, to reduce the patient burden when 
collecting baseline data, the self-reported questionnaires 
will be administered by members of the study team 
shortly following obtaining fully informed consent, and 
physical assessment outcomes will be measured at least 
24 hours later. Patients will be asked for consent to not 
only provide new data for the study, but also for the study 
team to access information that will have been routinely 
collected by the hospital staff since the time of admission 
(eg, nature and circumstances of injury, medical history, 
medication details and blood test results). This will be 
fully explained to patients and explicitly detailed in the 
participant information sheet.

Mental capacity
Because of the nature of their injuries, the patient’s mental 
capacity will be assessed on admission into hospital and 
thereafter by clinical staff and/or research nurses. The 
mental capacity of eligible patients at the time of being 
approached for recruitment will therefore fall into one 
of two groups: either they possess or are lacking mental 
capacity (in accordance with the Mental Capacity Act 
2005) to provide informed consent to voluntarily partici-
pate in the study.

For patients possessing mental capacity to provide 
consent, a research nurse or member of the research 
team will ask if they are interested in participating in 
the study. If they are interested, a copy of the participant 
information sheet will be provided (and if necessary read 
to them) to give them an outline of the study. Following 
an opportunity to seek additional information and ask 
questions, the patient will be asked if they wish to provide 
their written informed consent to participate in the study, 
at which point a consent form will need to be signed.

On admission to the hospital, an otherwise eligible 
patient may lack the mental capacity to decide whether 
to provide consent to participate in a research study 
(eg, due to the severity of their injuries, because they 
are arriving intubated and ventilated, or as a side-effect 
of medication for their injuries). They may or may not 
regain this capacity during their stay in the hospital. Due 
to our wish to begin measuring biomarkers as early as 
possible following the onset of trauma, for some other-
wise eligible patients it would be necessary to take blood 
samples before the patient has regained the capacity 
to provide informed consent. Using the convention of 
previous studies in trauma populations,43 recruitment 
into the study will be undertaken under the provision and 
guidance of the Mental Capacity Act 2005 for research 
in emergency situations, and in accordance with the 
Declaration of Helsinki. As such, if a patient does not 
possess this capacity when first approached for recruit-
ment, the research team will request a mandate to collect 
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blood samples from a legal consultee. This mandate can 
continue until the patient gains sufficient capacity to 
make an informed decision as to whether they wish to 
provide consent or not. We will use this mandate up to 
14 days from the date of the trauma. If the patient does 
not regain capacity within 14 days following the trauma, 

or if informed consent is not provided by the patient 
once capacity to do so is regained, any samples collected 
will be destroyed before any non-clinical biomarker 
analysis (i.e. cell-free DNA) is performed. Furthermore, 
only once informed consent has been gained from the 
patient would the research team proceed to collect any 

Table 2 Methodological decisions to improve study quality

Criteria42 Methodological decisions to improve quality

Study design
  Inception cohort  Ź Clear description of population

 Ź Clear description of the participants at baseline

  Source population  Ź Clear description of population
 Ź Clear description of sampling frame and recruitment (method and 
timing)

  Inclusion and exclusion criteria  Ź Clarity of eligibility criteria

  Prospective design  Ź Clarity of study design

Study attrition

  Number of drop-outs  Ź Adequate participation rate
 Ź Clear description of attempts to collect information on participants who 
dropped out
 Ź Reporting numbers and reasons for loss to follow-up

  Information provided on method of management 
of missing data

 Ź Appropriate methods of imputation of missing data

Predictive factors

  All predictive factors described used to develop 
the model

 Ź Clear de!nition of predictive factors
 Ź An adequate proportion of participants has complete data for the 
predictive factor

  Standardised or valid measurements  Ź The measurement of the predictive factor is reliable and valid
 Ź The measurement of the predictive factor is the same for all participants

  Linearity assumption studied  Ź Linearity of data will be reported

  No dichotomisation of predictive variables  Ź Continuous variables will be reported where possible

  Data presentation all predictive factors  Ź Complete data will be presented

Outcome measures

  Description of outcome measures  Ź The outcome is clearly de!ned

  Standardised or valid measurements  Ź The measurement of the outcome is reliable and valid
 Ź The measurement of the outcome is the same for all participants

  Data presentation of most important outcome 
measures

 Ź Complete data will be presented

Analysis

  Presentation of univariate crude estimates  Ź An appropriate strategy for model building is described
 Ź An adequate statistical model described

  Suf!cient numbers of subjects per variable  Ź Adequate data will be presented

  Selection method of variables explained  Ź Suf!cient data will be presented to enable assessment of the adequacy 
of the analytic strategy
 Ź All results will be reported

  Presentation of multivariate estimates  Ź An appropriate strategy for model building is described
 Ź An adequate statistical model described

Clinical performance/validity

  Clinical performance  Ź Clinical performance of the model will be reported

  Internal validation  Ź Internal validation will be reported
  External validation Not a focus of this study
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self-reported questionnaire or physical assessment data. 
The legal consultee can either be a ‘personal consultee’, 
for example, family member, or a ‘nominated consultee’, 
for example, intensive care consultant. Once a consultee 
(personal or nominated) has been identified, they will 
be provided with the participant information sheet, to 
inform them about the study. The consultee will be asked 
if they feel participating in the study would be something 
to which the patient would agree or object to. If, in their 
opinion, the patient would agree to participating in the 
study, the consultee will be asked to sign a declaration 
form, and the research team can begin the schedule 
of blood sample collections. If, at any time prior to the 
patient regaining capacity, the consultee decides to with-
draw assent, then no further samples will be collected 
until the patient can be approached for formal recruit-
ment (if appropriate).

Other ethical issues
Participants will be informed that they are free to with-
draw from the study at any time, without needing to 
provide reason. At each data collection visit, the capacity 
of the participant will be checked (using an Abbreviated 
Mental Test) and asked if they are happy to proceed with 
data collection. Any concerns for a participant by the study 
team will be fed back to clinical staff. All blood samples will 
be collected by hospital staff and the research nurse team 
and will be stored, tested and disposed of in accordance 
with current United Kingdom guidelines and regulations. 
In the event of death within 3 months of being recruited, 
participants will be automatically withdrawn from the study 
and the primary predictive analysis. Baseline characteristics 
of withdrawn participants will be compared with those of 
retained participants to assess for any differences.
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Appendix 4 – Ethical Review, Consent form and Patient information 

sheet for asymptomatic participants (Chapter 3) 
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The University of Birmingham 

School of Sport, Exercise and Rehabilitation Sciences 
 
Participant Identification number:  
 

CONSENT FORM 
 
Title of Project: Reliability of Quantitative Sensory Testing in an asymptomatic population 
 
Name of Researchers:   
                              
Please initial box 
 
1. I confirm that I have read and understand the information sheet for this study  

2. I have had the opportunity to ask any questions and that my questions have been answered 

to my satisfaction. 

3. I understand that my participation is voluntary and that I am free to withdraw within two 

weeks of data collection, without giving any reason. 

4. I am aware that my personal data will be processed for the purposes detailed above, in 

accordance with the Data Protection Act 1998. 

5. I agree to take part in the above study 

 
 
_______________ ____________________ 
Name of Participant Date Signature 
 
 
________________________ ____________________ 
Name of Researcher  Date Signature 
 

(Copies of consent for:   participant and researcher) 
All information collected will be stored in accordance with the Data Protection Act 1998. 



 
The University of Birmingham 

School of Sport, Exercise and Rehabilitation Sciences 
 

Participant Information Form 
 

Study title Reliability of Quantitative Sensory Testing in an asymptomatic population. 
 
Investigators:  
 
1. Invitation 
You are being invited to take part in a research study. Before you decide to participate it is important you 
understand why the research is being done and what it will involve. Please take time to read the following 
information sheet carefully and discuss it with the researcher or others if you wish.  
 
2. What is the purpose of the study? 
Quantitative sensory testing (QST) is a method of measuring the signals your nerves are sending and how 
you respond to different stimuli such as heat, cold and pressure. There are certain methods which are 
used to test this. This study aims to look at how reliable these methods of testing are.  By doing this, this 
enables us to use these tests and testing protocol in future trials.  

 
3. Why have I been chosen? 
You have been chosen for this study as we understand you are over 18 years of age, had no previous 
musculoskeletal pain in the last 1 month and have no other conditions such as Parkinson’s disease, 
Multiple Sclerosis and Peripheral Neuropathy. 

 
 
4. Do I have to take part? 
You can decide whether you participate in the study or not. You will be supplied with an information 
sheet to keep and will be asked to complete a brief screening questionnaire. If you meet the inclusion 
criteria at this stage you will then be asked to complete a consent form before taking part in the study. If 
you agree to participate in the study, you are free to withdraw from the study at any time within two 
weeks following data collection without having to give a reason. If you withdraw before completion of the 
study we will use the data collected up to your withdrawal.  
 
5. What do I have to do? 
You will be asked to visit the laboratory in the School of Sport, Exercise and Rehabilitation Sciences for 2 
testing sessions. The first and second testing session will involve two data collection points approximately 
2 hours apart. The second testing session will be approximately 48 hours after the first testing session and 
will include a two-hour gap between the two sessions on that day. During this time, you will be asked to 
do the following: 

• Complete a brief screening. 
• Experience a sensation of heat, cold, pressure and report when this sensation turns to a pain 

sensation. 
• Rate on a scale the pain sensation you feel on repetitions of pressure (no more than 10 

repetitions). 
 



 
6. Will my taking part in this study be kept confidential? 
All information collected on you will be kept strictly confidential. Personal information will be retained, 
but only available to the researchers using password protected files. Data will be kept for 10 years in 
accordance to University Regulations. All data for presentation will be anonymised so your identity will 
not be revealed in any way.  
 
7. What will happen to the results of the research study? 
The findings of this study will be presented and shared with other researchers in form of presentations 
and scientific papers as appropriate. These papers will help in development of research in this area and an 
enhanced protocol for future experiments.   
 
8. Who is organising and funding the research? 
The study has been designed and organised by Nicola Middlebrook (PhD Student). No funding has been 
given towards this study. 
 
10. Contact for further information 
Investigators:     
 
         
             

           
        ushton  
        
 
Thank you for taking time to read this and considering taking part in the study. 
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22 December 2017 
 

   
     

   
     

 
 

   
 
Dear P   
 
Study title: Development of a screening tool to predict the risk of 

chronic pain and disability following trauma: protocol 
for a prospective observational study 

REC reference: 17/WA/0421 
Protocol number: RG_17-122 
IRAS project ID: 229790 
 
Thank you for your letter of 21 December 2017 UeVSonding Wo Whe CommiWWee¶V UeTXeVW foU 
further information on the above research and submitting revised documentation. 
 
The further information has been considered on behalf of the Committee by the Chair.  
 
We plan to publish your research summary wording for the above study on the HRA website, 
together with your contact details. Publication will be no earlier than three months from the date 
of this opinion letter.  Should you wish to provide a substitute contact point, require further 
information, or wish to make a request to postpone publication, please contact 
hra.studyregistration@nhs.net outlining the reasons for your request. 

 

Gwasanaeth Moeseg Ymchwil 
Research Ethics Service 

 

  
 
 

Wales Research Ethics Committee 2 
e 4 

 
     
 

     
     

E-mail : sa k 
Website : www.hra.nhs.uk  

 
 
 

Website : www.hra.nhs.uk     
 

Please note:  This is the 
favourable opinion of the 
REC only and does not allow 
you to start your study at NHS 
sites in England until you 
receive HRA Approval  
 



Confirmation of ethical opinion 
 
On behalf of the Committee, I am pleased to confirm a favourable ethical opinion for the above 
research on the basis described in the application form, protocol and supporting documentation 
as revised, subject to the conditions specified below. 
 
Mental Capacity Act 2005 
 
I confirm that the committee has approved this research project for the purposes of the Mental 
Capacity Act 2005. The committee is satisfied that the requirements of section 31 of the Act will 
be met in relation to research carried out  as part of this project on, or in relation to, a person 
who lacks capacity to consent to taking part in the project.  
 
Conditions of the favourable opinion 
 
The REC favourable opinion is subject to the following conditions being met prior to the start of 
the study. 
 
Management permission must be obtained from each host organisation prior to the start of the 
study at the site concerned. 
 
Management permission should be sought from all NHS organisations involved in the study in 
accordance with NHS research governance arrangements. Each NHS organisation must 
confirm through the signing of agreements and/or other documents that it has given permission 
for the research to proceed (except where explicitly specified otherwise).  

Guidance on applying for NHS permission for research is available in the Integrated Research 
Application System, www.hra.nhs.uk or at http://www.rdforum.nhs.uk.   
 
WheUe a NHS RUgaQiVaWiRQ¶V URle iQ Whe VWXd\ iV limiWed WR ideQWif\iQg aQd UefeUUiQg SRWeQWial 
participants to research sites ("participant identification centre"), guidance should be sought 
from the R&D office on the information it requires to give permission for this activity. 
 
For non-NHS sites, site management permission should be obtained in accordance with the 
procedures of the relevant host organisation.  
 
Sponsors are not required to notify the Committee of management permissions from host 
organisations 
 
Registration of Clinical Trials 

 
All clinical trials (defined as the first four categories on the IRAS filter page) must be registered 
on a publically accessible database within 6 weeks of recruitment of the first participant (for 
medical device studies, within the timeline determined by the current registration and publication 
trees).   
 
There is no requirement to separately notify the REC but you should do so at the earliest 
opportunity e.g. when submitting an amendment.  We will audit the registration details as part of 
the annual progress reporting process. 
 
To ensure transparency in research, we strongly recommend that all research is registered but 
for non-clinical trials this is not currently mandatory. 
 



If a sponsor wishes to request a deferral for study registration within the required timeframe, 
they should contact hra.studyregistration@nhs.net. The expectation is that all clinical trials will 
be registered, however, in exceptional circumstances non registration may be permissible with 
prior agreement from the HRA. Guidance on where to register is provided on the HRA website.   
 
It is the responsibility of the sponsor to ensure that all the conditions are complied with 
before the start of the study or its initiation at a particular site (as applicable). 
 
Ethical review of research sites 
 
NHS sites 
 
The favourable opinion applies to all NHS sites taking part in the study, subject to management 
permission being obtained from the NHS/HSC R&D office prior to the start of the study (see 
"Conditions of the favourable opinion" below). 
 
Non-NHS sites 
 
The Committee has not yet completed any site-specific assessment (SSA) for the non-NHS 
research site(s) taking part in this study.  The favourable opinion does not therefore apply to 
any non-NHS site at present. We will write to you again as soon as an SSA application(s) has 
been reviewed. In the meantime no study procedures should be initiated at non-NHS sites. 
 
Approved documents 
 
The final list of documents reviewed and approved by the Committee is as follows: 
Document   Version   Date   
Evidence of Sponsor insurance or indemnity (non NHS Sponsors 
only) [Insurance Confirmation letter]  

  28 November 2017  

GP/consultant information sheets or letters [Letter to GP (Trauma 
Pain Study)]  

1.0  26 October 2017  

GP/consultant information sheets or letters [Letter to GP (Pilot 
Study)]  

1.0  26 October 2017  

IRAS Application Form [IRAS_Form_01122017]    01 December 2017  
Letter from sponsor [Sponsorship Confirmation Letter]    28 November 2017  
Non-validated questionnaire [Baseline First Questionnaire (Trauma 
Pain Study)]  

1.0  20 November 2017  

Non-validated questionnaire [Baseline Short Questionnaire]  1.0  20 November 2017  
Non-validated questionnaire [QST Assessment Form (Trauma Pain 
Study)]  

1.0  20 November 2017  

Non-validated questionnaire [Follow-up Questionnaire (3 months)]  1.0  20 November 2017  
Non-validated questionnaire [Follow-up Questionnaire (6 &12 
months)]  

1.0  20 November 2017  

Non-validated questionnaire [Pilot Baseline Questionnaire]  1.0  20 November 2017  
Other [Eligibility Screening Form (Trauma Pain Study)]  1.1  26 October 2017  
Other [Eligibility Screening Form (Pilot Study)]  1.1  20 November 2017  
Other [Cover letter for follow-up questionnaires]  1.1  26 October 2017  
Other [Reminder cover letter for follow-up questionnaires]  1.1  26 October 2017  
Participant consent form [Consent Form (Trauma Pain Study)]  1.3  14 December 2017  
Participant consent form [Consent Form (Assented Participants)]  1.0  14 December 2017  



Participant consent form [Consent Form (Pilot Study)]  1.3  14 December 2017  
Participant consent form [Personal Consultee Declaration Form 
(Trauma Pain Study)]  

1.2  14 December 2017  

Participant consent form [Nominated Consultee Declaration Form 
(Trauma Pain Study)]  

1.2  14 December 2017  

Participant information sheet (PIS) [Participant Information Sheet 
(Trauma Pain Study)]  

1.3  14 December 2017  

Participant information sheet (PIS) [Participant Information Sheet 
(Assented Participants)]  

1.0  14 December 2017  

Participant information sheet (PIS) [Participant Information Sheet 
(Pilot Study)]  

1.2  14 December 2017  

Participant information sheet (PIS) [Personal Consultee Information 
Sheet (Trauma Pain Study)]  

1.2  14 December 2017  

Participant information sheet (PIS) [Nominated Consultee 
Information Sheet (Trauma Pain Study)]  

1.2  14 December 2017  

Research protocol or project proposal [Study Research Protocol]  1.2  21 November 2017  
Summary CV for Chief Investigator (CI) [Summary CV for Chief 
Investigator]  

1.0  19 June 2017  

Summary, synopsis or diagram (flowchart) of protocol in 
non-technical language [Study protocol flowchart]  

1.1  20 September 2017  

Validated questionnaire [Chronic Pain Grade Scale]  1992    
Validated questionnaire [36-item Short Form Survey Instrument 
(SF-36), version 2]  

2 (2009)    

Validated questionnaire [EuroQol EQ-5D-5L]  2009    
Validated questionnaire [Hospital Anxiety and Depression Scale]  -    
Validated questionnaire [Impact of Events Scale - Revised]  1997    
Validated questionnaire [Pain Catastrophizing Scale]  -    
Validated questionnaire [Pain Self-Efficacy Questionnaire]  2007    
Validated questionnaire [Tampa Scale for Kinesiophobia - 11 item 
(TSK-11)]  

2005    

Validated questionnaire [Barthel Index of Activities of Daily Living]  1998    
Validated questionnaire [The Subjective Health Complaints 
Inventory]  

-    

Validated questionnaire [painDETECT Questionnaire]  2005    
Validated questionnaire [Pain drawing]  -    
Validated questionnaire [Abbreviated Mental Test]  -    
 
Statement of compliance 
 
The Committee is constituted in accordance with the Governance Arrangements for Research 
Ethics Committees and complies fully with the Standard Operating Procedures for Research 
Ethics Committees in the UK. 
 
After ethical review 
 
Reporting requirements 
 
The attached document ³AfWeU eWhical UeYieZ ± gXidaQce fRU UeVeaUcheUV´ gives detailed 
guidance on reporting requirements for studies with a favourable opinion, including: 
 

x Notifying substantial amendments 



x Adding new sites and investigators 
x Notification of serious breaches of the protocol 
x Progress and safety reports 
x Notifying the end of the study 

 
The HRA website also provides guidance on these topics, which is updated in the light of 
changes in reporting requirements or procedures. 
 
User Feedback 
 
The Health Research Authority is continually striving to provide a high quality service to all 
applicants and sponsors. You are invited to give your view of the service you have received and 
the application procedure. If you wish to make your views known please use the feedback form 
available on the HRA website: 
http://www.hra.nhs.uk/about-the-hra/governance/quality-assurance/    
 
HRA Training 
 
We are pleased to welcome researchers and R&D staff at our training days ± see details at 
http://www.hra.nhs.uk/hra-training/   
 
 
17/WA/0421                          Please quote this number on all correspondence 
 
WiWh Whe CommiWWee¶s best wishes for the success of this project. 
 
Yours sincerely 

 
pp 

  
 

 
andra.raybould@wales.nhs.uk 

 
Enclosures:  ³AfWeU eWhical UeYieZ ± guidance for 
   UeVeaUcheUV´ [SL-AR2] 
 
Copied to:   

 
 nsell, University Hospital Birmingham NHS Foundation Trust 
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Email: hra.approval@nhs.net 

 
16 January 2018 
 
Dear Pr    
 
 
Study title: Development of a screening tool to predict the risk of 

chronic pain and disability following trauma: protocol for a 
prospective observational study 

IRAS project ID: 229790  
Protocol number: RG_17-122 
REC reference: 17/WA/0421   
Sponsor University of Birmingham 
 
I am pleased to confirm that HRA Approval has been given for the above referenced study, on the 
basis described in the application form, protocol, supporting documentation and any clarifications 
noted in this letter.  
 
Participation of NHS Organisations in England  
The sponsor should now provide a copy of this letter to all participating NHS organisations in England.  
 
Appendix B provides important information for sponsors and participating NHS organisations in 
England for arranging and confirming capacity and capability. Please read Appendix B carefully, in 
particular the following sections: 

x Participating NHS organisations in England ± this clarifies the types of participating 
organisations in the study and whether or not all organisations will be undertaking the same 
activities 

x Confirmation of capacity and capability - this confirms whether or not each type of participating 
NHS organisation in England is expected to give formal confirmation of capacity and capability. 
Where formal confirmation is not expected, the section also provides details on the time limit 
given to participating organisations to opt out of the study, or request additional time, before 
their participation is assumed. 

x Allocation of responsibilities and rights are agreed and documented (4.1 of HRA assessment 
criteria) - this provides detail on the form of agreement to be used in the study to confirm 
capacity and capability, where applicable. 

Letter of HRA Approval 
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Further information on funding, HR processes, and compliance with HRA criteria and standards is also 
provided. 
 
It is critical that you involve both the research management function (e.g. R&D office) supporting each 
organisation and the local research team (where there is one) in setting up your study. Contact details 
and further information about working with the research management function for each organisation 
can be accessed from the HRA website.  
 
Appendices 
The HRA Approval letter contains the following appendices: 

x A ± List of documents reviewed during HRA assessment 
x B ± Summary of HRA assessment 

 
After HRA Approval 
The document ³AfWeU EWhical ReYieZ ± gXidance foU VSonVoUV and inYeVWigaWoUV´, issued with your REC 
favourable opinion, gives detailed guidance on reporting expectations for studies, including:  

x Registration of research 
x Notifying amendments 
x Notifying the end of the study 

The HRA website also provides guidance on these topics, and is updated in the light of changes in 
reporting expectations or procedures. 
 
In addition to the guidance in the above, please note the following: 

x HRA Approval applies for the duration of your REC favourable opinion, unless otherwise 
notified in writing by the HRA. 

x Substantial amendments should be submitted directly to the Research Ethics Committee, as 
detailed in the After Ethical Review document. Non-substantial amendments should be 
submitted for review by the HRA using the form provided on the HRA website, and emailed to 
hra.amendments@nhs.net.  

x The HRA will categorise amendments (substantial and non-substantial) and issue confirmation 
of continued HRA Approval. Further details can be found on the HRA website. 

 
Scope  
HRA Approval provides an approval for research involving patients or staff in NHS organisations in 
England.  
 
If your study involves NHS organisations in other countries in the UK, please contact the relevant 
national coordinating functions for support and advice. Further information can be found through IRAS. 
  
If there are participating non-NHS organisations, local agreement should be obtained in accordance 
with the procedures of the local participating non-NHS organisation. 
 
User Feedback 
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The Health Research Authority is continually striving to provide a high quality service to all applicants 
and sponsors. You are invited to give your view of the service you have received and the application 
procedure. If you wish to make your views known please use the feedback form available on the HRA 
website. 
 
HRA Training 
We are pleased to welcome researchers and research management staff at our training days ± see 
details on the HRA website.  
 
Your IRAS project ID is 229790. Please quote this on all correspondence. 
 
Yours sincerely 
 
Rekha Keshvara 
Senior Assessor 
 
Email: hra.approval@nhs.net  
 
 
 

Copy to:   
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Appendix A - List of Documents 
 
The final document set assessed and approved by HRA Approval is listed below.   
 

Document   Version   Date   
Evidence of Sponsor insurance or indemnity (non NHS Sponsors 
only) [Insurance Confirmation letter]  

  28 November 2017  

Evidence of Sponsor insurance or indemnity (non NHS Sponsors 
only)  

  15 July 2017  

GP/consultant information sheets or letters [Letter to GP (Trauma 
Pain Study)]  

1.0  26 October 2017  

GP/consultant information sheets or letters [Letter to GP (Pilot 
Study)]  

1.0  26 October 2017  

IRAS Application Form [IRAS_Form_01122017]    01 December 2017  
Letter from funder      
Letter from sponsor [Sponsorship Confirmation Letter]    28 November 2017  
Non-validated questionnaire [Baseline First Questionnaire (Trauma 
Pain Study)]  

1.0  20 November 2017  

Non-validated questionnaire [Baseline Short Questionaire]  1.0  20 November 2017  
Non-validated questionnaire [QST Assessment Form (Trauma Pain 
Study)]  

1.0  20 November 2017  

Non-validated questionnaire [Follow-up Questionnaire (3 months)]  1.0  20 November 2017  
Non-validated questionnaire [Follow-up Questionnaire (6 &12 
months)]  

1.0  20 November 2017  

Non-validated questionnaire [Pilot Baseline Questionnaire]  1.0  20 November 2017  
Other [Eligibility Screening Form (Trauma Pain Study)]  1.1  26 October 2017  
Other [Eligibility Screening Form (Pilot Study)]  1.1  20 November 2017  
Other [Cover letter for follow-up questionnaires]  1.1  26 October 2017  
Other [Reminder cover letter for follow-up questionnaires]  1.1  26 October 2017  
Participant consent form [Consent Form (Trauma Pain Study)]  1.3  14 December 2017  
Participant consent form [Consent Form (Assented Participants)]  1.0  14 December 2017  
Participant consent form [Consent Form (Pilot Study)]  1.3  14 December 2017  
Participant consent form [Personal Consultee Declaration Form 
(Trauma Pain Study)]  

1.2  14 December 2017  

Participant consent form [Nominated Consultee Declaration Form 
(Trauma Pain Study)]  

1.2  14 December 2017  

Participant information sheet (PIS) [Participant Information Sheet 
(Trauma Pain Study)]  

1.3  14 December 2017  

Participant information sheet (PIS) [Participant Information Sheet 
(Assented Participants)]  

1.0  14 December 2017  

Participant information sheet (PIS) [Participant Information Sheet 
(Pilot Study)]  

1.2  14 December 2017  

Participant information sheet (PIS) [Personal Consultee Information 
Sheet (Trauma Pain Study)]  

1.2  14 December 2017  

Participant information sheet (PIS) [Nominated Consultee 
Information Sheet (Trauma Pain Study)]  

1.2  14 December 2017  

Research protocol or project proposal [Study Research Protocol]  1.2  21 November 2017  
Summary CV for Chief Investigator (CI) [Summary CV for Chief 
Investigator]  

1.0  19 June 2017  

Summary, synopsis or diagram (flowchart) of protocol in non 
technical language [Study protocol flowchart]  

1.1  20 September 2017  
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Validated questionnaire [Chronic Pain Grade Scale]  1992    
Validated questionnaire [36-item Short Form Survey Instrument (SF-
36), version 2]  

2 (2009)    

Validated questionnaire [EuroQol EQ-5D-5L]  2009    
Validated questionnaire [Hospital Anxiety and Depression Scale]  -    
Validated questionnaire [Impact of Events Scale - Revised]  1997    
Validated questionnaire [Pain Catastrophizing Scale]  -    
Validated questionnaire [Pain Self-Efficacy Questionnaire]  2007    
Validated questionnaire [Tampa Scale for Kinesiophobia - 11 item 
(TSK-11)]  

2005    

Validated questionnaire [Barthel Index of Activities of Daily Living]  1998    
Validated questionnaire [The Subjective Health Complaints 
Inventory]  

-    

Validated questionnaire [painDETECT Questionnaire]  2005    
Validated questionnaire [Pain drawing]  -    
Validated questionnaire [Abbreviated Mental Test]  -    
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Appendix B - Summary of HRA Assessment 
 
This appendix provides assurance to you, the sponsor and the NHS in England that the study, as 
reviewed for HRA Approval, is compliant with relevant standards. It also provides information and 
clarification, where appropriate, to participating NHS organisations in England to assist in assessing 
and arranging capacity and capability. 

For information on how the sponsor should be working with participating NHS organisations in 
England, please refer to the, participating NHS organisations, capacity and capability and 
Allocation of responsibilities and rights are agreed and documented (4.1 of HRA assessment 
criteria) sections in this appendix.  

The following person is the sponsor contact for the purpose of addressing participating organisation 
questions relating to the study: 
 

  
Email: res  
Tel: 0  
 

HRA assessment criteria  

Section HRA Assessment Criteria Compliant with 
Standards? 

Comments 

1.1 IRAS application completed 
correctly 

Yes 

 

No comments  

    
2.1 Participant information/consent 

documents and consent 
process 

Yes 

 

No comments  

    
3.1 Protocol assessment Yes 

 

No comments 

    
4.1 Allocation of responsibilities 

and rights are agreed and 
documented  

Yes 

 

This is a single site study where the site 
has joint arrangements with the 
academic sponsor. Therefore, 
statement of activities or any other 
agreement is not expected for this 
study.  
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Section HRA Assessment Criteria Compliant with 
Standards? 

Comments 

4.2 Insurance/indemnity 
arrangements assessed 

Yes 

 

Where applicable, independent 
contractors (e.g. General Practitioners) 
should ensure that the professional 
indemnity provided by their medical 
defence organisation covers the 
activities expected of them for this 
research study 

4.3 Financial arrangements 
assessed  

Yes 

 

The study is funded by the NIHR 

    
5.1 Compliance with the Data 

Protection Act and data 
security issues assessed 

Yes 

 

No comments 

 

5.2 CTIMPS ± Arrangements for 
compliance with the Clinical 
Trials Regulations assessed 

Not Applicable No comments 

 

5.3 Compliance with any 
applicable laws or regulations 

Yes 

 

No comments 

 

    
6.1 NHS Research Ethics 

Committee favourable opinion 
received for applicable studies 

Yes 

 

No comments 

 

6.2 CTIMPS ± Clinical Trials 
Authorisation (CTA) letter 
received 

Not Applicable No comments 

6.3 Devices ± MHRA notice of no 
objection received 

Not Applicable No comments 

6.4 Other regulatory approvals 
and authorisations received 

Not Applicable No comments 
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Participating NHS Organisations in England 

This provides detail on the types of participating NHS organisations in the study and a statement as to whether 
the activities at all organisations are the same or different.  

There is only one NHS organisation taking part in the study, there is therefore one type of participating 
organisation undertaking the research activity as detailed in the study protocol.  

 
The Chief Investigator or sponsor should share relevant study documents with participating NHS 
organisations in England in order to put arrangements in place to deliver the study. The documents 
should be sent to both the local study team, where applicable, and the office providing the research 
management function at the participating organisation. For NIHR CRN Portfolio studies, the Local 
LCRN contact should also be copied into this correspondence.  For further guidance on working with 
participating NHS organisations please see the HRA website. 
 
If Chief Investigators, sponsors or Principal Investigators are asked to complete site level forms for 
participating NHS organisations in England which are not provided in IRAS or on the HRA website, 
the Chief Investigator, sponsor or Principal Investigator should notify the HRA immediately at 
hra.approval@nhs.net. The HRA will work with these organisations to achieve a consistent approach 
to information provision. 

 
Confirmation of Capacity and Capability 

This describes whether formal confirmation of capacity and capability is expected from participating NHS 
organisations in England. 

This is a single site study where the site has joint arrangements in place with the academic sponsor. 
The R&D office will confirm to the CI when the study can start.  
  
 

 

Principal Investigator Suitability 

This confirms whether the sponsor¶V position on whether a PI, LC or neither should be in place is correct for 
each type of participating NHS organisation in England, and the minimum expectations for education, training 
and experience that PIs should meet (where applicable). 
A Principal Investigator is expected to be in place at the participating NHS site. 
 
 
GCP training is not a generic training expectation, in line with the HRA/MHRA statement on training 
expectations. 
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HR Good Practice Resource Pack Expectations 
This confirms the HR Good Practice Resource Pack expectations for the study and the pre-engagement checks 
that should and should not be undertaken. 
Use of identifiable patient records held by an NHS organisation to identify potential participants 
should be undertaken by a member of the direct care team for the patient, so it would not normally be 
acceptable for this to be done by staff not employed by that organisation. An Honorary Research  
Contract (or equivalent) would be expected for any external NHS/research staff undertaking all of the 
other activities for the study once consent from the participant is in place. The pre-engagement 
checkV VhRXld iQclXde aQ eQhaQced DBS check (iQclXdiQg a check agaiQVW Whe DBS µbaUUed liVW¶ fRU 
adults), and Occupational Health Clearance.  

 
Other Information to Aid Study Set-up  
This details any other information that may be helpful to sponsors and participating NHS organisations in 
England in study set-up. 

 
x The applicant has indicated that they do intend to apply for inclusion on the NIHR CRN 

Portfolio. 
x The sponsor clarified that the devices being used in the study will not be loaned to the site 

and this will be responsibility of the sponsor, including the insurance cover for the devices.  
 

 
 

 



 

R&D Office 
Head of R&D Governance: D  
Head of R&D Operations:  
R&D Office, 1st  

 
    

Website: www.research.uhb.nhs.uk 
Projects database: //u   

 (RPAv43) 
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Research Project Authorisation 

Project reference:RRK 6308 

Main Ethics 
Committee 
Reference 

17/WA/0421    

IRAS Project ID 229790    

 
 
3 May 2018 
 
Dear D  
 
Development of a screening tool to predict the risk of chronic pain and disability following trauma: protocol for 

a prospective observational study 
 

Thank you for submitting details of your proposed research project, which I am happy to authorise on behalf 
of University Hospitals Birmingham; this includes confirmation of Capacity and Capability under the HRA 
Approval process. 
 
Approval covers the following site(s) only: een Elizabeth Hospital Birmingham 
 
The following main document versions were reviewed (note this is not a complete list of all documents 
submitted):  
 

Protocol - version: V1.2 21/11/17 
Participant information sheet (main) - version: V1.3 14/12/17 
Participant consent form (main) - version: V1.3 14/12/17 
 

Acv1/18 
Sponsorship 
University of Birmingham has agreed to act as sponsor for this study. 
 
Indemnity arrangements. 
Researchers who hold substantive or honorary contracts with University Hospital Birmingham (UHBT) will be 
covered against claims of negligence by patients of UHBT under the Clinical Negligence Scheme for Trusts 
(CNST). TKLV VcKePe dReV QRW cRYeU µQR faXOW¶ cRPSeQVaWLRQ aQd WKe TUXVW LV SUecOXded fURP WaNing out 
separate insurance to cover this. Any patient or volunteer taking part in the study is entitled to know that if 
they suffered injury as a result of participating in the study they would first have to prove negligence in a 
court of law before they could gain compensation. 
 



 
 
 

RRK6308 

R&D Office 
H   

  
  

 
    

  
cts database: //uhb/userdata/R & D/R&D database/distributed database 2002.mdb 

If the study involves patients of any other Trust or healthcare organisation, you will need to confirm the 
indemnity arrangements with that organisation. 
 
Pharmacy 
If your study involves Pharmacy then you must ensure that they are ready to initiate the study before the first 
patients are recruited. 
 
Medical Devices 
Any medical devices used specifically for this study, whether purchased, loaned or borrowed must be 
registered with the Medical Engineering Department. Equipment must not be used until it has completed 
formal acceptance testing by Medical Engineering. A calibration and maintenance schedule must be drawn 
XS aQd aJUeed ZLWK MedLcaO EQJLQeeULQJ LQ accRUdaQce ZLWK WKe PaQXfacWXUeU¶V UecRPPeQdaWLRQV. TKeUe 
should be a formal maintenance contract in place if maintenance is to be carried out by external contractors 
(including the equipment manufacturers). If, at the end of the study, the equipment is transferred or disposed 
of, details must be sent to Medical Engineering to amend the equipment asset register.    
 
Reporting Adverse Events 
If this study involves an intervention in the treatment of patients then you must ensure that any serious 
adverse events, regardless of whether you believe the event is related to the research or the 
intervention, aUe UeSRUWed accRUdLQJ WR WKe TUXVW¶V SROLc\ RQ UeSRUWLQJ UeVeaUcK-related adverse events.  
Please see attached memo. Note that you must also follow any SAE reporting requirements stipulated by the 
sponsor. 
 
A copy of the Trust policy may be obtained from the R&D office and is also available on the R&D section of 
WKe TUXVW¶s intranet and internet sites. A copy of a blank SAE form is enclosed, this may be used if it is not 
SRVVLbOe WR UeSRUW WKe eYeQW WKURXJK WKe TUXVW¶V RQOLQe UeSRUWLQJ V\VWeP. 
 
Drugs and Treatment outside the study 
Approval for the study to commence cannot be taken to imply approval for the same form of treatment to 
continue beyond the end of the study, or for patients who are not part of the study. If it is likely that 
continuing treatment is required at the end of the study, then it is the Principal InvestLJaWRU¶V UeVSRQVLbLOLW\ WR 
ensure that study participants are fully aware of the types of treatment that would be available to them. 
 
Research Governance 
You should ensure that you and your research team abide by the Trust policies on research governance. 
TKeVe aUe aYaLOabOe fURP WKe R&D OffLce aQd RQ WKe R&D VecWLRQ Rf WKe TUXVW¶V LQWUaQeW aQd LQWeUQeW VLWeV 
(www.uhb.nhs.uk/research) 
 
Study Files 
You must set up and maintain a study file containing the essential documents needed to facilitate a full audit 
of the conduct of the study. The minimum requirements for the content and layout of the study file are set out 
in the enclosed documents. This file may be audited at short notice by the R&D Office, the sponsor, or 
regulatory authorities. 
 
Delegated Duties Log 
You must maintain a list of all those people who have responsibility for delivering any study-related tasks set 
out in the protocol. The log must list the names of the individuals, their roles and responsibilities, the date 
they started working on the study, and, if appropriate, the date they finished. Each entry must be signed by 
the person accepting the responsibilities. Note that anyone who is involved in the direct care of patients must 
hold a substantive or honorary contract with University Hospitals Birmingham. 
 
PICS and Accrual Records 
ReVeaUcK VWXdLeV aUe QRZ OLVWed RQ a VeSaUaWe UeVeaUcK Wab RQ WKe WUXVW¶V PUeVcULbLQJ, IQfRUPaWLRQ aQd 
Communication System (PICS). When a participant is consented or recruited into this study you must ensure 
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ts database: //uhb/userdata/R & D/R&D database/distributed database 2002.mdb 

that this is promptly recorded on PICS. If you have any queries about how to do this please contact the PICS 
training team (PICSTrainingTeam@uhb.nhs.uk ). The consented date and recruitment date may be different 
if screening procedures are required after consenting to confirm eligibility for a study. 
 
The R&D Governance Office will use anonymised records from PICS to update central recruitment records 
on the UKCRN Portfolio. From April 2017 this will be the only way of recording recruitment on portfolio 
studies so it is essential that PICS records are accurate. 
 
You should separately keep accurate records on the study file of recruitment and participation in your study. 
There should be a record, with dates, of patients approached, consented, screened, recruited, completed, 
and dropped out as appropriate. 
 
Annual Reports 
The R&D Office will request information about progress with the study in 6 months, 12 months and annually 
thereafter. Approval for this study may be withdrawn if you do not complete and return reports when 
requested. 
 
Protocol Breaches 
Serious protocol breaches must be reported to the R&D office as soon as possible and must be notified to 
the Chief Investigator and Sponsor immediately you become aware of them. If you are the Chief Investigator 
you must notify the Ethics Committee within 7 days and, for CTIMP studies, you must notify the MHRA within 
7 days. A serious breach is one that is likely to affect to a significant degree the mental or physical integrity of 
the research participants or the scientific value of the study. A report of a serious breach should identify 
measures taken to correct the consequences of the breach and measures to prevent future similar breaches 
( a so-caOOed µCAPA¶ ORJ). Minor protocol breaches should be recorded in your study file. 
 
Urgent Safety Measure 
If necessary, appropriate urgent safety measure to protect clinical trial subjects from any immediate hazard 
to their health and safety can be taken immediately without waiting for Ethics Committee, Regulatory 
Authority or R&D approval. However you must inform the R&D Office, Chief Investigator, Sponsor, Ethics 
Committee and MHRA, as appropriate, in writing within 3 days. 
 
Protocol Amendments 
Trust approval will usually automatically cover minor protocol amendments but you must send details to the 
R&D office for information. Details of all substantial amendments must be sent to the R&D Office for 
authorisation together with copies of the ethics approval and/or regulatory approval for the amendments and 
any revised documentation. The R&D office will acknowledge all amendments. A substantial amendment is 
defined by NRES (the National Research Ethics Service) and would include any change that could affect the 
safety, conduct or the resource implications of the study. 
 
Duration 
It is expected that the study will begin at University Hospital Birmingham within 12 months of Trust 
authorisation. If there is a long delay in starting the study, the Trust may consider withdrawing authorisation 
for the study. Unless explicitly withdrawn, Trust approval lasts for as long as the study has valid ethics 
committee and regulatory approval. 
 
End of Study 
According to information you have provided, this study is expected to end in September 2020 and the 
minimum recruitment target is 250. The R&D Office will request a final report shortly after this date. If the 
study ends for any reason before this date you must notify the R&D Office. Note that the Chief Investigator 
for the whole study is required to provide an end of study report to the main research ethics committee and 
regulatory authorities. 
 
Archiving 
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For studies designated as a Clinical Trial of an Investigational Medicinal Product (CTIMP), it is a legal 
requirement to retain essential documents for at least 5 years after the declared end of the study. The 
sponsor or regulatory authorities may insist on a longer retention period for a particular study. For all other 
types of study there are no statutory requirements but generally accepted good practice guidelines 
recommend that documents are retained for at least 5 years. Documents must be archived in a way such 
that they can be readily accessed (24 hours notice) if required for audits or regulatory purposes. The costs of 
archiving is borne by the Principal or Lead Investigator and should be taken into account when applying for 
research grants or seeking other forms of funding. For CTIMPs, there must be a named archivist, approved 
by the sponsor, who is responsible for setting up and controlling the archive. 
 
Health Records Labelling 
The Health Records of study subjects are retained according to the Trust¶V ³HeaOWK RecRUdV MaQaJePeQW 
PROLc\´; fRU SaWLeQWV LQ UeVeaUcK VWXdLeV WKe UeWeQWLRQ SeULRd LV 15 \eaUV afWeU WKe OaVW WUeaWPeQW RU 
consultation related to the study. The Principal Investigator must ensure that all records for patients involved 
in a study are clearly labelled to ensure that the retention policy can be followed. 
 
Cover for absence 
If the Principal Investigator is likely to be absent and out of contact for a prolonged period (> 2 weeks), the PI 
must either explicitly suspend patient recruitment and patient-related activity in the study, or explicitly 
delegate the responsibilities of Principal Investigator to a named deputy. The PI must be satisfied that their 
deputy is sufficiently qualified through education, training and experience to take on the role of PI. These 
periods of absence and delegation must be recorded in the study file. 
 
Website entry 
BaVLc deWaLOV Rf \RXU VWXd\ ZLOO be Pade aYaLOabOe RQ WKe TUXVW¶V ZebVLWe aW 
http://www.research.uhb.nhs.uk/trials/RRK6308 
 
Guidance Tool 
The Trust R&D Office has developed a Powerpoint-based tool summarising some of the regulations relevant 
to clinical research. This is available at \\uhb\userdata\R & D\R&D Shared Docs\Guide to 
Responsibilities\Guide to Investigator Responsibilities.ppsx  (UeTXLUeV acceVV WR WKe TUXVW¶V QeWZRUN) 
 

 

 
 

Head of R&D Governance 
 
Enclosed: Sample study file layout 
  Incident Reporting & Serious Adverse Event Form 
 
Copies to: }  
 Relevant Service Departments 
 Division A Manager,  

 
 

 

 



 

 

Incident Reporting 
As from October 2010 all clinical incidents occurring at University Hospitals Birmingham should be reported 
through the online reporting system http://uhbhome/departments/riskmanagement/onlinereporting.aspx . This 
system now includes a separate section for research related events. For incidents occurring away from UHB 
relating to patient involved in research studies at UHB, then the paper form attached should be completed 
and returned to the R&D Office. 
 
Statutory Reporting Requirements 
If this study is a clinical trial of a medicine or a device then there are statutory reporting requirements. 
The Principal Investigator must make an assessment of the seriousness of the incident, its relatedness to the 
study intervention or any breach of the study protocol, and the expectedness of the event (against known 
characteristics of the medicine or device). An incident which is serious, related and unexpected is referred to 
as a SUSAR and must be reported to the Chief Investigator and Sponsor as soon possible. The CI/Sponsor 
are responsible for reporting SUSARs to the MHRA within 15 days of becoming aware of the event (7 days 
in the case of events resulting in death). SUSARs must also be reported to the manufacturer of the medicine 
or device if they are not the sponsor of the study. 
 
Pregnancies 
For clinical trials involving medicines (CTIMPs) for which the effect of the IMP on an unborn child is 
unknown, special care should be taken to avoid pregnancies during the interventional phase of the trial. 
Advice on appropriate contraception should be provided to potential participants before recruitment into a 
study.  If a female participant, or the female partner of a male participant, becomes pregnant during the 
interventional phase of a CTIMP, then the pregnancy must be reported to the sponsor as soon as possible. 
In the case of CTIMPs sponsored by University Hospitals Birmingham, pregnancies must be reported 
immediately to the R&D Office. Pregnancies must be followed through to term to be able to check for any 
birth defects that could be attributable to the treatment. Birth defects are classed as serious adverse events 
and may be reported as a SUSAR depending on their expectedness and relatedness to the intervention.



 

 
 

This form must be completed in the event of a Serious Adverse Event / Incident.  
This can be defined as an untoward medical occurrence in a patient during clinical research involving a 
pharmaceutical product or clinical intervention that: is fatal; is life threatening; results in persistent or significant 
disability/ incapacity ; requires inpatient hospitalisation or prolongs a current hospitalisation; is a congenital 
anomaly in offspring; or an event that may jeopardise the patient or may require intervention to prevent one of the 
outcomes listed above.

Section A - Details of Subject Affected by Serious Adverse EventSection A - Details of Subject Affected by Serious Adverse Event

Subject Initials:________ Risk Form Number:__________ Subject Number:_________

Has the Principal Investigator been informed of this event prior to completion of this 
form?  

Section B - Details of the Serious Adverse EventSection B - Details of the Serious Adverse Event

Date of Onset:_________________ Time: ________________________

Hospital:______________________  Exact Location: _______________

Definition of Serious Adverse Event: (tick the appropriate category for the event)

Describe Event: (A summary of signs and symptoms (including severity), vital signs, diagnosis, treatment of 
event, concurrent treatment, other relevant medical history, details of study drug/ device. Please include the time 
point in the study at which the event occurred.)

Study Title or Trust RRK Number:

Yes No

Serious Adverse Event Form (v2)
(Research drugs, devices and interventions)

University Hospital Birmingham NHS Trust

Number of additional pages added, if any____

Death

Life threatening

Resulted in Disability

Required Hospitalisation

Congenital abnormality

none of above

(R&D SAE id:__________)



 

  

1. WaV WKe LQcLdeQW UeOaWed WR WKe SaWLeQW¶V LQYROYePeQW LQ WKe study?

Likely Possible Unlikely

2. Is the event related to a break in the study protocol?     Possible Unlikely 

3. If you answered Possible to number 2,please give details below

5. Action Taken Regarding Participation In Study:
Temporarily Discontinued Date:____________

Decision taken by:____________
Permanently Discontinued Date:____________

Decision taken by:____________
Patient Continued In Study (Please Tick Box)

Recovered

Event Continuing

Patient Died
If necessary please give additional details below:

(Please Print)
Name:_________________________ Title:____________      Post:___________________

Department:____________________ Contact Number: ____________________________

Signature: _____________________

Section C - Relationship To Study InvolvementSection C - Relationship To Study Involvement

Section D - Outcome Of Serious Adverse EventSection D - Outcome Of Serious Adverse Event

Section E - ReSoUWeU¶V DeWailVSection E - ReSoUWeU¶V DeWailV

Please attach the completed form to a Trust Incident Report Form and complete 
sections A (Details Of The Person Affected By The Incident) and D (Details Of The 

Person Completing The Form). Forward both forms to: The R&D Office, Queen Elizabeth 
Hospital Birmingham, Edgbaston, Birmingham

Forward one copy of this form to the Principal Investigator and retain one copy in the 
Study File. 

4. Was the event unexpected (i.e. not consistent with available information about the 
drug, device or intervention)?    Expected Unexpected 

Risk Form Number:__________(R&D SAE id:__________)
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(SFv4) 

Study File 
It is a requirement of Trust authorisation of a study that the Principal Investigator establishes and maintains a 
study file. A dedicated member of the study team is responsible for maintaining and updating the file.  
 
Good Clinical Practice guidelines require those documents to be collected in a Study Master File which 
individually and collectively permit evaluation of the conduct of a study and the quality of the data produced. 
 
Some sponsors may provide their own study file (also known as an Investigator File, Site File, or Trial Master 
File) for specific studies. If it is a multicentre study, the sponsor may organise the documents into a central 
Trial Master File and separate Site Files. 
 
Clinical Trials of Investigational Medicinal Products (CTIMPs) fall within the remit of EU Directive 2005/28/EC 
(WKe ³GCP DLUecWLYe´) ZKLcK cRQWaLQV deWaLOed UeTXLUePeQWV fRU fLOLQJ aQd aUcKLYLQJ eVVeQWLaO dRcXPeQWV. For 
CTIMPs it is a legal requirement to follow the requirements of the GCP Directive. The Trust recommends 
that as a principle of good research practice, study files for all types of studies are maintained to the 
standards set out in the GCP Directive. 

x The site study file must be kept secure at all times. 

x The local Principal Investigator must take care to ensure that only personnel authorised by them can 
amend the file. 

x The file should be available for reference by members of the local study team as needed. 

x The file must be available for inspection, with 24 hours notice, by representatives of the Sponsor, the 
Trust, or regulatory authority. 

x The file must be retained after the end of the study (final data collection from the final research 
subject) for at least 5 years. 

 

Documentation 
The following good documentation principles should be followed: 

x All documents in the file must be complete, legible, accurate and unambiguous 

x Documents should be signed and dated as appropriate (e.g. protocol, letters, records of actions etc.) 

x If stored on electronic, optical, magnetic format then suitable controls must be in place to ensure the 
documents cannot be altered without appropriate authorisation 

x There must be an audit trail of modifications to the files 

x Important documents must carry version numbers or dates (in particular the protocol, investigator 
brochure, subject information leaflets, subject consent forms, template case report form/data 
collection form) 

x Version numbers must tally with those approved by regulatory authorities, including the ethics 
committee 

x The current and previous versions of documents should be retained on file 

x Previous versions should be clearly marked as no longer current together with the date they were 
superseded. 

x Details of amendments made over the course of the study should be recorded in the appropriate 
section of the file. If necessary, full copies of previous versions may be retained in a separate file. 
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There must be sufficient information on file for auditors to be able to recreate the document 
versions used at each time-point for the study. 

x A monitor from the sponsor will usually review the accuracy and completeness of the investigator file 
before formally closing the study 

Storage 

x The file must be stored so that records remain legible and can be readily retrieved 

x The storage facilities must be secure with appropriate environmental controls and adequate 
protection from physical damage 

x Any change in the location of the documents must be recorded to enable complete tracking 

Archiving 

x Named individuals approved by the sponsor are responsible for archiving 

x Access to the archives must be restricted to the named responsible individuals 

x The named individuals must maintain a log of the documents retained in the archive and to track 
movement of documents into and out of the archive 

x The study file can be transferred on to alternate media for archiving but the transfer must be certified 
for accuracy and completeness 

x The sponsor can determine how long the study files and all study data should be retained but it must 
be for a minimum of 5 years after the last clinical intervention on the last participant in the study 

x Documents must not be destroyed until agreed with the sponsor 
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Abbreviations 
ARSAC Administration of Radioactive Substances Advisory Committee 
CAG NIHS Confidentiality Advisory Group 
CI Chief Investigator 
CRF Case Record Form 
CRO Contract Research Organisation 
CTA Clinical Trial Agreement or Clinical Trial Authorisation depending on context 
CTIMP Clinical Trial of an Investigational Medicinal Product 
GCP Good Clinical Practice 
GMSC Genetics Modification Safety Committee 
GTAC Gene Therapy Advisory Committee 
HFEA Human Fertilisation and Embryology Authority 
HRA Health Research Authority 
IMP Investigational Medicinal Product 
IRMER Ionising Radiation (Medical Exposure) Regulations 
MHRA Medicines and Healthcare Products Regulatory Authority 
NRES National Research Ethics Service 
PI Principal Investigator 
REC Research Ethics Committee 
SAE Serious Adverse Event 
SAR Serious Adverse Reaction 
SUSAR Suspected Unexpected Serious Adverse Reaction 
 



 

 
  
  

  
 

    
  

  

Suggested Contents and Layout 
 

Inteventional Study 
This layout is applicable for any study that involves an intervention in the care of patients. 

(Not all documents may be appropriate for all studies, but where the documents do exist they should be 
included in this file) 

 
1. R&D Specific Site File Sponsor 

Master File 
1.1. Documents   

1.1.1. PI Agreement x  
1.1.2. COLQLcaO DLUecWRU¶V aJUeePeQW x  
1.1.3. UHB Sponsor letter x  
1.1.4. IRMER Schedule 8 Form x  
1.1.5. ARSAC Certificate x  
1.1.6. GMSC Risk Report (for gene 

therapy studies) 
x  

1.1.7. Trust approval letter x x 
1.1.8. Other R&D documents (Data 

Transfer Form, Treatment 
Continuation Form etc.( 

x  

1.1.9. R&D correspondence x  
2. GCP Study File   

2.1. Basic documents   
2.1.1. Investigator Brochure* x x 
2.1.2. Protocol (signed by Chief/Principal 

Investigator) 
x x 

2.1.3. IRAS Application (all sections) x x 
2.1.4. Participant Information Sheets & 

Consent Forms 
x x 

2.1.5. Advertisement for subject 
recruitment 

x  

2.1.6. Sample letters (e.g. to GP) x x 
2.1.7. Randomisation procedures x x 
2.1.8. Template Case Report Form or 

other data collection proformas (if 
not in protocol) 

x x 

2.1.9. Normal ranges for lab tests x x 
2.1.10. Medical/laboratory/technical tests 

and procedures 
x x 

2.2. Approvals   
2.2.1. Ethics committee approval x x 
2.2.2. Health Research Authority (HRA) 

approval 
x x 

2.2.3. Regulatory (MHRA) authorisationl   
2.2.4. Funding approval x x 
2.2.5. Peer-review reports x x 
2.2.6. Other regulatory authority 

authorisations (GTAC, CAG, HFEA 
etc.) 

x x 

                                                           
*or Summary of Product Characteristics (SmPC) if the medicinal product is already licensed 
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2.3. Study Personnel   
2.3.1. CVs x x 
2.3.2. Delegated duties log & Signature 

sheet 
x x 

2.4. Agreements   
2.4.1. Financial agreement x x 
2.4.2. Insurance statement x x 
2.4.3. Sponsorship statement x x 
2.4.4. Sponsor-Site agreement/ Clinical 

Trial Agreement 
x x 

2.5. Pharmacy^   
2.5.1. Investigational Medicinal Product(s) 

characteristics 
x x 

2.5.2. Instructions for handling 
investigational product 

x x 

2.5.3. Sample of labels attached to 
medicinal products 

 x 

2.5.4. Investigational products shipping 
and distribution records 

x x 

2.5.5. Investigational products 
accountability record (destruction, 
return etc.) 

x x 

2.5.6. Decoding procedures for blinded 
trials 

x x 

2.6. Amendments   
2.6.1. Updates of Investigator Brochure x x 
2.6.2. List of protocol amendments x x 
2.6.3. Approvals for substantial 

amendments (ethics, regulatory, 
R&D) 

x x 

2.6.4. Updates to laboratory normal 
values/ranges 

x x 

2.6.5. Updates to 
medical/laboratory/technical tests 
and procedures 

x x 

2.7. Correspondence   
2.8. Subject enrollment   

2.8.1. Subject screening log x  
2.8.2. Subject recruitment log x  
2.8.3. Subject identification code x  
2.8.4. Signed consent forms (these may 

be kept separately provided their 
location is clearly indicated in the 
master study file) 

x  

2.8.5. Completed CRFs or location of 
source data 

x  

2.8.6. Record of retained human tissue & 
fluid samples 

x  

2.9. Adverse events   
2.9.1. Sample SAE form x x 
2.9.2. SAE/SUSAR reporting procedures x x 
2.9.3. List of Expected Serious Adverse x x 

                                                           
^ Pharmacy documents may be kept in a separate file held in pharmacy: this should be indicated in the main study file. 
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Reactions 
2.9.4. Completed SAE forms x x 
2.9.5. Notification by Sponsor/Investigator 

to regulatory authorities of SUSARs 
x x 

2.9.6. Notifications by sponsor to 
investigators of safety information 

x x 

2.10. Monitoring   
2.10.1. Study initiation report x x 
2.10.2. Monitoring/audit log x x 
2.10.3. Audit reports x x 

2.11. Reports   
2.11.1. Annual reports (to ethics 

cRPPLWWee, MHRA, R&D «) 
x x 

2.11.2. Final report x x 
2.11.3. Publications list x x 
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Non-Interventional Study 
This layout is applicable for any study that does not involve a direct intervention in the care of patients. 
Including, but not limited to, studies simply involving: 

x questionnaires to patients or staff 
x collection of human tissue 
x analysis of existing data from patient records 

 
Not all documents may be appropriate for all studies, but where the documents do exist they should be 
included in this file. 
*Star indicates a document that must be on file as an absolute minimum. 

 
1 R&D Specific 

1.1 Documents 
1.1.1 PI Agreement* 
1.1.2 COLQLcaO DLUecWRU¶V aJUeePeQW* 
1.1.3 UHB Sponsor letter 
1.1.4 Trust approval* 
1.1.5 Other R&D documents 
1.1.6 R&D correspondence 

2 GCP Study File 
2.1 Basic documents 

2.1.1 Protocol (signed by Chief/Principal Investigator)* 
2.1.2 IRAS Application 
2.1.3 Participant Information Sheets & Consent Forms* 
2.1.4 Questionnaires 
2.1.5 Advertisement for subject recruitment 
2.1.6 Sample letters (e.g. to GP) 
2.1.7 Case Report Form or other data collection proforma (if not in protocol) 

2.2 Approvals 
2.2.1 Ethics committee approvals* 
2.2.2 Health Research Authority approval* 
2.2.3 Funding approval 
2.2.4 Peer-review reports 
2.2.5 Regulatory authority authorisations (GTAC, CAG, HFEA etc.) 

2.3 Study Personnel 
2.3.1 CVs* 
2.3.2 Delegated duties log & Signature sheet 

2.4 Agreements 
2.4.1 Sponsorship statement 
2.4.2 Financial agreement 
2.4.3 Sponsor-Site agreement 

2.5 Amendments 
2.5.1 List of protocol amendments* 
2.5.2 Approvals for substantial amendments (ethics, regulatory, R&D) * 

2.6 Correspondence 
2.7 Subject enrollment 

2.7.1 Subject screening and recruitment logs 
2.7.2 Signed consent forms (these may be kept separately provided their location is clearly 

indicated in the master study file)* 
2.7.3 Completed CRFs or location of source data 
2.7.4 Record of retained human tissue & fluid samples 

2.8 Monitoring 
2.8.1 Monitoring/audit log 
2.8.2 Audit reports 

2.9 Reports 
2.9.1 AQQXaO UeSRUWV (WR eWKLcV cRPPLWWee, MHRA, R&D «) 
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2.9.2 Final report 
2.9.3 Publications list 
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25 April 2018 
 
P  

    
 

   
 

 
 
Dear P  
 
Study title: Development of a screening tool to predict the risk of 

chronic pain and disability following trauma: protocol 
for a prospective observational study 

REC reference: 17/WA/0421 
Protocol number: RG_17-122 
Amendment number: SA1 
Amendment date: 01 April 2018 
IRAS project ID: 229790 
 
Approval was sought for the following changes: 
 
x Data handling and storage: 
 
Anonymised research data will now only be stored on University of Birmingham 
servers as the research database promised to the study had not materialised. 
 

 

Gwasanaeth Moeseg Ymchwil 
Research Ethics Service 

 

  
 
 

Wales Research Ethics Committee 2 
Health and Care Research Wales Ethics Service 

Health and Care Research Wales Support Centre  
Castlebridge 4 

15-19 Cowbridge Road East 
Cardiff     

CF11 9AB 
Telephone : 029 2078 5738 

     
E-mail : s  

Website : www.hra.nhs.uk  
 
 
 

Website : www.hra.nhs.uk     
 

Please note: This is the 
favourable opinion of the REC 
only and does not allow the 
amendment to be implemented   
at NHS sites in England until 
the outcome of the HRA 
assessment has been 
confirmed.  
 

Substantial Ammendment Approval
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All identifiable data will remain within the NHS Trust, where it will be locked in a 
cabinet in paper format (i.e. consent forms) and/or held on an encrypted electronic 
database on physically secure servers (i.e. contact addresses for postage of follow-
up questionnaires). 
 
x Recruitment: 

 
Research nurses will no longer take informed consent, due to insufficient capacity to 
support the study. Instead, research nurses will still screen for eligible patients, visit 
the patient and provide them with the Participant Information Sheet and a brief 
explanation of the study. Then, University researchers will visit the patient the next 
working day to take informed consent from the patient, and then immediately 
proceed to the first questionnaire. Originally, the research nurses were going to take 
consent and then University researchers would follow up the next day with the 
questionnaire. 
 
x Blood tests: 

 
Removal of circulating cell-free (nuclear and mitochondrial) DNA [cfDNA] blood 
tests, which were to be stored and analysed in a specialised laboratory. The C-
reactive protein blood tests will be retained, but will now have to be booked by 
University researchers through the clinical teams, rather than being collected by the 
research nurses. These changes will have to be reflected in the Study Protocol, 
Participant Information Sheet and Consent Form. 
 
The above amendment was reviewed at the meeting of the Sub-Committee held on 
the 24 April 2018 by the Sub-Committee in correspondence.  
 
Ethical opinion 
 
The members of the Sub-Committee taking part in the review gave a favourable 
ethical opinion of the amendment on the basis described in the notice of 
amendment form and supporting documentation. 
 
Discussion 
 
The Sub-Committee on reviewing the Patient Information Sheet (trauma pain study) 
with particular regard to the taking of 5ml blood in the 2nd paragraph were of the 
opinion that this might be more easily understood by participants if the advice was 
expanded to also include a reference to ³a WeaVSoon fXll´.   
 
The Sub-Committee on reviewing the Study Protocol noted the statement in 
paragraph 2 on page 32, under the heading ³Patients lacking mental capacity´ that 
participants ³may be reassessed until 14 days´ and asked if this was a typographical 
error which should read that participants ³may NOT be reassessed until 14 days.´ If 
so the Protocol should be revised accordingly. 
 
Taking the above into consideration the Sub-Committee were content to give a 
Favourable Opinion and suggested that you may wish to discuss with the Sponsor if 
the above changes in this instance could be made as a Non Substantial 
Amendment not requiring the further ethical opinion of the REC. 
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Approved documents 
 
The documents reviewed and approved at the meeting were: 
 
Document   Version   Date   
Covering letter on headed paper [Cover Letter]    12 April 2018  
Notice of Substantial Amendment (non-CTIMP) 
[Amendment Form]  

SA1  01 April 2018  

Other [Study Protocol Flowchart]  1.2  01 April 2018  
Other [Study Protocol Flowchart]  1.1  20 September 2017  
Participant consent form [Consent Form (pilot 
study) - tracked]  

1.3  01 April 2018  

Participant consent form [Consent Form (pilot 
study) - clean]  

1.3  01 April 2018  

Participant consent form [Consent Form (trauma 
pain study) - tracked]  

1.4  01 April 2018  

Participant consent form [Consent Form (trauma 
pain study) - clean]  

1.4  01 April 2018  

Participant information sheet (PIS) [Participant 
Information Sheet (Pilot Study) - tracked]  

1.3  01 April 2018  

Participant information sheet (PIS) [Participant 
Information Sheet (Pilot Study) - clean]  

1.3  01 April 2018  

Participant information sheet (PIS) [Participant 
Information Sheet (trauma pain Study) - tracked]  

1.4  01 April 2018  

Participant information sheet (PIS) [Participant 
Information Sheet (trauma pain study) - clean]  

1.4  01 April 2018  

Research protocol or project proposal [Protocol - 
tracked]  

1.3  01 April 2018  

Research protocol or project proposal [Protocol - 
clean]  

1.3  01 April 2018  

 
Membership of the Committee 
 
The members of the Committee who took part in the review are listed on the 
attached sheet. 
 
Working with NHS Care Organisations 
 
Sponsors should ensure that they notify the R&D office for the relevant NHS care 
organisation of this amendment in line with the terms detailed in the categorisation 
email issued by the lead nation for the study. 
 
Statement of compliance 
 
The Committee is constituted in accordance with the Governance Arrangements for 
Research Ethics Committees and complies fully with the Standard Operating 
Procedures for Research Ethics Committees in the UK. 
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We are pleased to welcome researchers and R & D staff at our Research Ethics 
CRmmiWWee membeUV¶ WUaiQiQg da\V ± see details at http://www.hra.nhs.uk/hra-
training/  
 
17/WA/0421:  Please quote this number on all correspondence 
 
Yours sincerely 

 
pp 
P  

 
Email:  
 
Enclosures: List of names and professions of members who took part in the review 

 
Copied to:  
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Wales REC 2 
 

Attendance at Sub-Committee of the REC meeting on 24 April 2018 
  

Committee Members: 
 

Name   Profession   Present    Notes   
   

 
Yes     
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Amendment Approval 
31/07/2018 
 
Dear  

Development of a screening tool to predict the risk of chronic pain and disability following trauma: 
protocol for a prospective observational study 

Reference: RRK6308 
Amendment reference: SA1 09/05/18 
Amendment summary: Anonymised research data will now only be stored at University of 
Birmingham; research nurses no longer take informed consent, due to insufficient capacity to 
support the study; removal of circulating cell-free (nuclear and mitochrondial) DNA [cfDNA] blood 
tests, which were to be stored and analysed in a specialised lab 
 

Thank you for providing details of the substantial amendment to your study. 

The R&D Office has reviewed the following documents: 

Protocol V1.3 01/04/18 
Informed Consent Form - Pilot V1.3 01/04/18 
Patient Information Sheet - Trauma V1.4 01/08/18 
Study Protocol Flowchart V1.2 01/04/18 
Informed Consent Form - Trauma V1.4 01/04/18 
Patient Information Sheet - Pilot V1.3 01/04/18 

and there is no objection to the amendment, I understand the amendment has also received approval 
from the main research ethics committee and regulatory authorities. The amendment can therefore 
be implemented. 
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A list of all amendments of which we are aware is given on the following page. 

Yours sincerely 

pp  

 

C
Head of R&D Governance 

cc. D
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Amendments List 

Amendment 
Reference 

Substantial Rejected Trust approval 
date 

Trust approval 
required 

SA1 09/05/18 True  31/07/2018 Yes 
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CONSENT FORM 
 
Title of Project:  Predicting chronic pain and disability following trauma 
 
 
Parƚicipanƚ͛Ɛ Study Identification Number: ___________________ 
 
 
 
1. I confirm that I have read and understand the Participant Information Sheet, dated 

01/04/2018 (version 1.3), for the above study. I have had the opportunity to consider the 
study information, ask questions and have had these answered satisfactorily. 
 

 

2. I understand that my participation is voluntary and that I am free to withdraw at any time, 
without giving any reason, without my medical care or legal rights being affected. I understand 
that if I withdraw from the study, my data up to the point of my withdrawal will be used in the 
data analysis. 
 

 

3. I understand that relevant sections of my medical notes and data collected during the study 
may be looked at by responsible individuals from the University Hospitals Birmingham NHS 
Trust, the University of Birmingham, or regulatory authorities, where it is relevant to my taking 
part in this research. I give permission for these individuals to have access to my records. 
 

 

4. I understand that all identifiable data will be kept confidential and securely stored at the 
University Hospitals Birmingham NHS Trust for a period of 10 years. I understand that 
anonymised research data will be securely stored on servers at the University of Birmingham, 
which will only be accessible to designated researchers. 
 

 

5. I agree to the research team accessing and analysing information gathered about me during 
my time in hospital, for the purpose of the study. 
 

 

6. I agree to take part in the above study. 
 

 

 

_______________________________  ___________________  ______________________ 
Name of Participant    Date    Signature 
 
 

_______________________________  ___________________  ______________________ 
Name of person taking consent   Date    Signature 
 
When completed: 1 copy for Participant 
   1 copy for medical notes / care record 

1 (original) copy for researcher site file 
 

Please initial 
every box 
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Participant Information Sheet 
 

Study title:  Predicting chronic pain and disability following trauma 
 
We would like to invite you to take part in a research study being conducted by the University of 
Birmingham. Before you decide, it is important for you to understand why the research is being 
done and what it will involve for you. One of the research team will go through the information 
sheet with you and answer any questions that you have. Please ask if anything is not clear or if 
you would like more information. 
 
What is the purpose of the study? 
Traumatic injuries are usually painful. Whilst short-term pain following an injury is to be 
expected, we know that some patients experience pain for much longer than others. So far, 
relatively little research has looked specifically at the recovery of pain following a traumatic 
injury. Because of this, we want to follow several hundred patients over the course of a year, to 
see which ones recover well with their pain and which ones do not. Finding out more about the 
patients that do not recover well with their pain will help us to better plan the treatment of 
future patients who suffer traumatic injuries. The first part of this study is to ensure that the 
measurements that we take are consistent and reliable in people that have suffered traumatic 
injuries, which has not been tested previously. 
 
Why have I been invited? 
You have been invited to take part because you are currently a patient in the Queen Elizabeth 
Hospital, Birmingham due to your recent traumatic injuries. We want to find out how the pain 
caused by your injuries changes over time. We aim to recruit at least 500 patients from this 
hospital to take part in the main part of this study. 
 
Do I have to take part? 
No. It is completely up to you to decide whether to take part. There are no negative 
consequences for not choosing to take part and the treatment that you will receive at the 
hospital will not be affected by taking part in this study. 
 
This Participant Information Sheet will have been given to you by one of the research team who 
will describe the study to you, and can answer any questions that you might have. If you do 
agree to take part, you will be asked a few questions to confirm that you satisfy all of the 
requirements for taking part in the study. 
 
If you do satisfy the requirements for taking part in the study, you will be given a Consent Form 
to sign and date, which will show that you agree to take part in the study. Even if you sign the 
Consent Form, you will be free to withdraw from the study at any time, and do not have to give 
a reason for this. Withdrawing from the study will not affect the treatment that you will receive 
as a patient at the hospital. 
 
What will happen to me if I take part? 
You will be visited by researchers from the University of Birmingham and asked to complete a 
brief questionnaire. The questionnaire will ask you about the pain that you are experiencing 
from your recent injuries. The answers that you give will not be shared with anybody outside of 
the research project. 
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After you have completed this questionnaire, the researchers will use some specialised medical 
testing devices to measure how sensitive certain parts of your body have become (such as how 
tender you are on your arms or legs, and whether certain temperatures feel painful or not). 
These researchers will explain and demonstrate the tests to you before taking any measures. 
Participation in these measurements is entirely voluntary and they can be stopped at your 
request at any point. 
 
The same measurements will be taken at two different sessions on the same day, a minimum of 
2 hours apart. A different researcher will take the measurements at each session. This is so that 
the test results from the two sessions can be compared to make sure they are consistent and 
repeatable in people with traumatic injuries. 
 
What ǁill happen if I don͛t ǁant to carrǇ on ǁith the stƵdǇ͍  
If you change your mind and do not wish to carry on with the study, you are free to withdraw at 
any time, without having to give a reason. Your decision to withdraw will not influence your 
current or future health care. It is important for us that information collected up to the point of 
your withdrawal is included in the analysis. All information collected about you for the study will 
be anonymised. 
 
What are the possible disadvantages of taking part? 
There are no known risks of taking part in the study. A potential disadvantage is that when 
answering questions about your injuries, we are asking you to think about events that may be 
emotional for you. 
 
The measurements that will be taken to assess how sensitive certain parts of your body have 
become (such as how tender you are on your arms or legs, and whether certain temperatures 
feel painful or not) may cause some short-term discomfort or pain. However, these tests are 
safe and we will make every effort to ensure that you are as comfortable as possible, at all 
times. 
 
What are the possible benefits of taking part? 
We cannot promise that taking part in the study will help you, but the information that you 
provide could help you and patients like you in the future. 
 
Expenses and Payments 
No funds are available to give you a payment for taking part, but we do not expect any expenses 
to be incurred as a result of participating in this study. 
 
Will my taking part in the study be kept confidential? 
All information that is collected about you during the course of the study will be kept strictly 
confidential. Your name and contact details will not appear on any questionnaire or data 
collection document. Instead, these documents will be anonymised (coded using a participant 
identification number that does not include your name). Participant identification numbers will 
not be used by or given to anyone outside the research team; they will be securely stored at the 
University Hospitals Birmingham NHS Trust for a period of ten years, after which they will be 
deleted. You will also not be identifiable from any report or publication of the research findings. 
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All questionnaire answers and test results that you provide for the study will be kept 
anonymous and transferred to an encrypted computer database, which will be stored on 
physically secure servers at the University of Birmingham. This database will be password 
protected, accessible only by certain members of the research team. Any results from routine 
hospital tests that are required for the study will also be anonymised and securely transferred to 
this database. 
 
Any written information (e.g. consent forms and questionnaires) will be stored in locked filing 
cabinets at the University Hospitals Birmingham NHS Trust for ten years following the study. 
After that period, all of this written information will be disposed of in a secure manner through 
confidential waste. As part of routine research monitoring procedures, relevant sections of your 
medical notes and data collected during the study may be looked at by responsible individuals 
from the University Hospitals Birmingham NHS Trust, the University of Birmingham, and 
regulatory authorities. 
  
What will happen when the research stops? 
When the research stops, your future treatment will not be affected in any way. Decisions about 
your future care will be made according to standard procedures at the hospital. All identifiable 
information collected about you during the study will be kept securely for a period of ten years, 
after which it will be destroyed. 
 
What if there is a problem? 
It is unlikely that there will be any problems during the study. If you have a concern about any 
aspect of the way that you have been approached or treated during the course of this study, 
you should contact the Chief Investigator at the University of Birmingham, Professor Deborah 
Falla, or the Principal Investigator at University Hospitals Birmingham, Dr Jaimin Patel, who will 
do their best to answer any questions. If you remain unhappy and wish to complain formally, 
you can do this by following the NHS complaints procedure. You may obtain advice from the 
Patient Services Teams at the hospital (contact details at the end of this information sheet). 
 
In the unlikely event that you are harmed whilst participating in this study, there are no special 
compensation arrangements, but if this happens due to someone͛s negligence then you may 
have grounds for legal action. As Sponsor, the University of Birmingham is indemnifying the 
researchers for any such claims. The normal NHS complaints mechanism will still be available to 
you, if appropriate. You may obtain advice from the Patient Services Teams (contact details at 
the end of this information sheet). 
 
What will happen to the results of the study? 
Results from this study will be used to ensure that your experience informs future management 
of patients undergoing treatment following traumatic injuries, to improve future patient 
experiences and their outcomes. The results will be disseminated in scientific journals and 
through presentation at research conferences. You will not be identifiable in any report, 
publication or presentation. If you are interested in the results of this investigation you can 
obtain a summary of the results by contacting the study Chief Investigator, Professor Deborah 
Falla (see details below). A short report of the results will be provided. 
 
Who is organising and funding this study? 
The research will be conducted by researchers at the University of Birmingham working with 
research nurses at the Queen Elizabeth Hospital, Birmingham. The research is sponsored by the 
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University of Birmingham (RG_17-122), who provides insurance and indemnity, and funded by 
the National Institute for Health Research through the Surgical Reconstruction and Microbiology 
Research Centre (NIHR SRMRC), which is part of the NHS. 
 
Who has reviewed the study? 
All research conducted in the NHS is reviewed by an independent group of people, called a 
Research Ethics Committee, in order to protect your interests and those of the researchers. This 
study has been reviewed and given a favourable opinion by the Wales Research Ethics 
Committee 2 and the Research and Development Directorates at the University Hospitals 
Birmingham NHS Trust. 
 
Contacts at the University of Birmingham and University Hospitals Birmingham NHS Trust for 
further information or any questions about this study: 
 
Contacts for further information or any questions about this study: 
 
P     

  
 

 
        

 
 

     
 

      
       

  
 
 
Thank you for taking the time to read this information sheet. 
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CONSENT FORM 

 
Title of Project:  Predicting chronic pain and disability following trauma 
 
 
Parƚicipanƚ͛Ɛ Study Identification Number: ___________________ 
 
 
 

1. I confirm that I have read and understand the Participant Information Sheet, dated 01/04/2018 
(version 1.4), for the above study. I have had the opportunity to consider the study information, 
ask questions and have had these answered satisfactorily. 
 

 

2. I understand that my participation is voluntary and that I am free to withdraw at any time, 
without giving any reason, without my medical care or legal rights being affected. I understand 
that if I withdraw from the study, my data up to the point of my withdrawal will be used in the 
data analysis. 
 

 

3. I understand that relevant sections of my medical notes and data collected during the study may 
be looked at by responsible individuals from the University Hospitals Birmingham NHS Trust, the 
University of Birmingham, and regulatory authorities, where it is relevant to my taking part in 
this research. I give permission for these individuals to have access to my records. 
 

 

4. I understand that all identifiable data will be kept confidential and securely stored at the 
University Hospitals Birmingham NHS Trust for a period of 10 years. I understand that 
anonymised research data will be securely stored on servers at the University of Birmingham, 
which will only be accessible to designated researchers. 
 

 

5. I agree to the research team accessing and analysing information gathered about me during my 
time in hospital, for the purpose of the study. 
 

 

6. I agree to being contacted up to 12 months after leaving hospital, for the purpose of providing 
data for this study. I understand that I may be contacted for up to 2 weeks following this to 
remind me to respond. 
 

 

7. I agree to take part in the above study. 
 

 

 

_______________________________  ___________________  ______________________ 
Name of Participant    Date    Signature 
 
 

_______________________________  ___________________  ______________________ 
Name of person taking consent   Date    Signature 
 
When completed: 1 copy for Participant 
   1 copy for medical notes / care record 

1 (original) copy for researcher site file 
 

Please initial 
every box 
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Participant Information Sheet 
 

Study title:  Predicting chronic pain and disability following trauma 
 
We would like to invite you to take part in a research study being conducted by the University of 
Birmingham. Before you decide, it is important for you to understand why the research is being 
done and what it will involve for you. One of the research team will go through the information 
sheet with you and answer any questions that you have. Please ask if anything is not clear or if 
you would like more information. 
 
What is the purpose of the study? 
Traumatic injuries are usually painful. Whilst short-term pain following an injury is to be 
expected, we know that some patients experience pain for much longer than others. So far, 
relatively little research has looked specifically at the recovery of pain following a traumatic 
injury. Because of this, we want to follow several hundred patients over the course of a year, to 
see which ones recover well with their pain and which ones do not. Finding out more about the 
patients that do not recover well with their pain will help us to better plan the treatment of 
future patients who suffer traumatic injuries. 
 
Why have I been invited? 
You have been invited to take part because you are currently a patient in the Queen Elizabeth 
Hospital, Birmingham due to your recent traumatic injuries. We want to find out how the pain 
caused by your injuries changes over time, even after you leave the hospital. We aim to recruit 
at least 500 patients from this hospital to take part in this study. 
 
Do I have to take part? 
No. It is completely up to you to decide whether to take part. There are no negative 
consequences for choosing to not take part and the treatment that you will receive at the 
hospital will not be affected by taking part in this study. 
 
This Participant Information Sheet will have been given to you by one of the research team who 
will describe the study to you, and can answer any questions that you might have. If you do 
agree to take part, you will be asked a few questions to confirm that you satisfy all of the 
requirements for taking part in the study. 
 
If you do satisfy the requirements for taking part in the study, you will be given a Consent Form 
to sign and date, which will show that you agree to take part in the study. Even if you sign the 
Consent Form, you will be free to withdraw from the study at any time, and do not have to give 
a reason for this. Withdrawing from the study will not affect the treatment that you will receive 
as a patient at the hospital. 
 
What will happen to me if I take part? 
One or more researcher from the University of Birmingham will ask you to complete a ͚baƐeline͛ 
questionnaire. The questionnaire will ask you about the pain that you are experiencing from 
your recent injuries. The questionnaire will also ask about you (e.g. how old you are), your life 
(e.g. what your job is) and other issues, such as how you are feeling and coping since your 
injuries. 
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Within a day or so after you have completed this ͚baƐeline͛ questionnaire, you will be visited 
again by University of Birmingham researchers who will ask you for some more information 
(such as where in your body you are experiencing pain). They will also use some specialised 
medical testing devices to measure how sensitive certain parts of your body have become (such 
as how tender you are on your arms or legs, and whether certain temperatures feel painful or 
not). These researchers will explain everything to you and demonstrate the tests when they 
visit. Participation in these measurements is entirely voluntary and they can be stopped at your 
request at any point. These researchers will try to visit you on several occasions while you are in 
the hospital, to repeat the tests and note any changes in these measurements. None of the 
answers that you give will be shared with anybody outside of the research project. 
 
In addition to these questionnaires and measurements, the research team will record 
information that will have been routinely collected by the hospital staff since you have been in 
hospital (e.g. the nature and circumstances of your injuries, some of your previous medical 
history, details of pain medication you have been given, results from some of your routine 
hospital blood tests). The research team will also ask the hospital staff to take one extra blood 
sample (up to 5ml volume, which is approximately a teaspoon full) every two days, while you 
are a patient in the hospital (for a maximum period of 14 days from when the first sample is 
taken). These samples will be tested in the standard hospital laboratories and will provide 
further information about ǇoƵr bodǇ͛Ɛ response to being injured. 
 
After you have been discharged from hospital and are back at home, you will be sent a further 
questionnaire at 3-months, 6-months and 12-months from the time of your injuries. Each of 
these questionnaires will ask about your pain at that time and how you are feeling and coping. 
We will provide a FREEPOST envelope with each questionnaire so that you can return your 
completed questionnaires to us at no cost. This information is vitally important for the study so 
if ǁe don͛ƚ receiǀe ǇoƵr qƵeƐƚionnaire͕ we will try to contact you by telephone to ask just the 
most important questions. 
 
Whaƚ ǁill happen if I don͛ƚ ǁanƚ ƚo carrǇ on ǁiƚh ƚhe sƚƵdǇ͍  
If you change your mind and do not wish to carry on with the study, you are free to withdraw at 
any time, without having to give a reason. Your decision to withdraw from the study will not 
influence your current or future health care. It is important for us that information collected up 
to the point of your withdrawal is included in the analysis. All information collected about you 
for the study will be anonymised. 
 
What are the possible disadvantages of taking part? 
There are no known risks of taking part in the study. A potential disadvantage is that when 
answering questions about your injuries, we are asking you to think about events that may be 
emotional for you. 
 
The measurements that will be taken to assess how sensitive certain parts of your body have 
become (such as how tender you are on your arms or legs, and whether certain temperatures 
feel painful or not) may cause some short-term discomfort or pain. However, these tests are 
safe and we will make every effort to ensure that you are as comfortable as possible, at all 
times. 
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What are the possible benefits of taking part? 
We cannot promise that taking part in the study will help you, but the information that you 
provide could help you and patients like you in the future. 
 
Expenses and Payments 
No funds are available to give you a payment for taking part, but we do not expect any expenses 
to be incurred as a result of participating in this study. 
 
Will my taking part in the study be kept confidential? 
All information that is collected about you during the course of the study will be kept strictly 
confidential. Your name and contact details will not appear on any questionnaire or data 
collection document. Instead, these documents will be anonymised (coded using a participant 
identification number that does not include your name) so that future questionnaires can be 
posted to you after you have left the hospital. Participant identification numbers will not be 
used by or given to anyone outside the research team; they will be securely stored at the 
University Hospitals Birmingham NHS Trust for a period of ten years, after which they will be 
deleted. You will also not be identifiable from any report or publication of the research findings. 
 
All questionnaire answers and test results that you provide for the study will be kept 
anonymous and transferred to an encrypted computer database, which will be stored on 
physically secure servers at the University of Birmingham. This database will be password 
protected, accessible only by certain members of the research team. Any results from routine 
hospital tests that are required for the study will also be anonymised and securely transferred to 
this database. 
 
Any written information (e.g. consent forms and questionnaires) will be stored in locked filing 
cabinets at the University Hospitals Birmingham NHS Trust for ten years following the study. 
After that period, all of this written information will be disposed of in a secure manner through 
confidential waste. As part of routine research monitoring procedures, relevant sections of your 
medical notes and data collected during the study may be looked at by responsible individuals 
from the University Hospitals Birmingham NHS Trust, the University of Birmingham, and 
regulatory authorities. 
 
What will happen when the research stops? 
When the research stops, your future treatment will not be affected in any way. Decisions about 
your future care will be made according to standard procedures at the hospital. All identifiable 
information collected about you during the study will be kept securely for a period of ten years, 
after which it will be destroyed. 
 
What if there is a problem? 
It is unlikely that there will be any problems during the study. If you have a concern about any 
aspect of the way that you have been approached or treated during the course of this study, 
you should contact the Chief Investigator at the University of Birmingham, Professor Deborah 
Falla, or the Principal Investigator at University Hospitals Birmingham NHS Trust, Dr Jaimin Patel, 
who will do their best to answer any questions. If you remain unhappy and wish to complain 
formally, you can do this by following the NHS complaints procedure. You may obtain advice 
from the Patient Services Teams at the hospital (contact details at the end of this information 
sheet). 
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In the unlikely event that you are harmed whilst participating in this study, there are no special 
compensation arrangements, but if this happenƐ dƵe ƚo Ɛomeone͛Ɛ negligence ƚhen ǇoƵ maǇ 
have grounds for legal action. As Sponsor, the University of Birmingham is indemnifying the 
researchers for any such claims. The normal NHS complaints mechanism will still be available to 
you, if appropriate. You may obtain advice from the Patient Services Teams (contact details at 
the end of this information sheet). 
 
What will happen to the results of the study? 
Results from this study will be used to ensure that your experience informs future management 
of patients undergoing treatment following traumatic injuries, to improve future patient 
experiences and their outcomes. The results will be disseminated in scientific journals and 
through presentation at research conferences. You will not be identifiable in any report, 
publication or presentation. If you are interested in the results of this investigation you can 
obtain a summary of the results by contacting the study Chief Investigator, Professor Deborah 
Falla (see details below). A short report of the results will be provided. 
 
Who is organising and funding this study? 
The research will be conducted by researchers from the University of Birmingham working with 
research nurses at the Queen Elizabeth Hospital, Birmingham. The research is sponsored by the 
University of Birmingham (RG_17-122), who provides insurance and indemnity, and funded by 
the National Institute for Health Research through the Surgical Reconstruction and Microbiology 
Research Centre (NIHR SRMRC), which is part of the NHS. 
 
Who has reviewed the study? 
All research conducted in the NHS is reviewed by an independent group of people, called a 
Research Ethics Committee, in order to protect your interests and those of the researchers. This 
study has been reviewed and given a favourable opinion by the Wales Research Ethics 
Committee 2 and the Research and Development Directorates at the University Hospitals 
Birmingham NHS Trust. 
 
 
Contacts for further information or any questions about this study: 
 

     
 

 
 

       
 

 
    

 
      

     
 

 
 
Thank you for taking the time to read this information sheet. 
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Appendix 6 – Ethical Review, Consent forms and Patient Information 

Sheets for Chapter four 

 



 

 

School of Sport and Exercise Sciences 

MEMORANDUM 
   

   

To:     

  

From:   

Chair, School Ethics Committee 

 

Date:  04/07/19 

          _________ 
 
MCR050619-1 Inter-rater reliability of a novel approach to evaluation of temporal 

summation in an asymptomatic population 

 

The School Ethics Committee has reviewed your application and hereby grant full ethical 

approval for your study.   

 

I would like to remind you that any substantive changes to the nature of the study, any 

adverse events occurring during the study, or any potential breaches of the approved 

procedures should be promptly bought to the Committee’s attention by the Principal 

Investigator and may necessitate further ethical review.   

  

Please also ensure that the relevant requirements within the University’s Code of Practice 

for Research and the information and guidance provided on the University’s ethics 

webpages (available at https://canvas.bham.ac.uk/courses/26916) are adhered to and 

referred to when preparing any future applications to the School Ethics Committee.  
 
  
 
  
 
 
   
   
   
  
   
   
 
 

 
   



School of Sport, Exercise and Rehabilitation Sciences 
 

1 
 

PARTICIPANT CONSENT FORM 

Study Title Inter-rater reliability of a novel approach to evaluation of temporal summation in 
an asymptomatic population 

Participant Name:  Date:  

Researcher Name: 

 
K   

 
 

Ethics Number:  

 
This section to be completed by the participant: 
Please tick the box at the end of each statement if you agree with it. 

1. I confirm that I have read and understood the Participant Information Sheet for the 
above study. I have had the opportunity to ask questions and these have all been 
answered satisfactorily 

 
2. I. understand that my participation is voluntary and that I am free to withdraw at any 

time, without giving any reason, up to two weeks after my last visit to the lab. 
 

3. I agree to the storage and use of my data for the purposes of this research study. 
 

 
4. Based on the above, I agree to take part in this research study. 

 
 
 

Signed: 
 
 
Name in capitals: 
 
 
Date: 
 

 
 
 
 
 
 
 
 
 
 
 
 

  
This section to be completed by the researcher 
I certify that this participant has read, properly completed and signed the screening and consent 
forms, witnessed by myself: 
 
Signed: 
 
 
Date: 
 

 
By supplying this information you are consenting to the University storing your information 
for the purposes of the stated research study. The information will be processed by the 
University of Birmingham in accordance with the provisions of the Data Protection Act 
2018. No identifiable personal data will be published. 



 
The University of Birmingham 

School of Sport, Exercise and Rehabilitation Sciences 
 

Participant Information Form 
 

Study title: Inter-rater reliability of a novel approach to evaluation of temporal summation in an 
asymptomatic population 
 
Investigators: Ko     
 
1. Invitation 
You are being invited to take part in a research study. Before you decide to participate it is important you 
understand why the research is being done and what it will involve. Please take time to read the following 
information sheet carefully and discuss it with the researcher or others if you wish.  
 
2. What is the purpose of the study? 
Temporal summation describes a person’s perceived pain following sequential stimulation and is a 
method used for Quantitative Sensory Testing (QST). This study aims to look at how reliable is temporal 
summation as a method for QST.  By doing this, we will able to create protocol in future trials.  

 
3. Why have I been chosen? 
You have been chosen for this study as we understand you are over 18 years of age, had no previous 
musculoskeletal pain in the last 1 month and have no other conditions such as Parkinson’s disease, 
Multiple Sclerosis and Peripheral Neuropathy. 

 
4. Do I have to take part? 
You can decide whether you participate in the study or not. You will be supplied with an information 
sheet to keep and will be asked to complete a brief screening questionnaire. If you meet the inclusion 
criteria at this stage you will then be asked to complete a consent form before taking part in the study. If 
you agree to participate in the study, you are free to withdraw from the study at any time within two 
weeks following data collection without having to give a reason. If you withdraw before completion of the 
study we will use the data collected up to your withdrawal.  
 
5. What do I have to do? 
You will be asked to visit the laboratory in the School of Sport, Exercise and Rehabilitation Sciences for 2 
testing sessions. The first and second testing session will involve two data collection points approximately 
2 hours apart. The second testing session will be approximately 48 hours after the first testing session and 
will include a two-hour gap between the two sessions on that day. During this time, you will be asked to 
do the following: 
• Complete a brief screening 
• 10 consecutive pressure pulses will be applied at the following sites bilaterally: 

Ø Mid Point of Extensor carpi radialis muscle belly 
Ø Mid point of the muscle belly of tibialis anterior 
Ø L4 paravertebral bilaterally in the lumbar spine 

• When the pain becomes 1 out of 10 on the numerical rating scale (0 being ‘no pain’ to 10 being ‘pain 
as bad as can be’), you will be asked to push a button. The pressure score from this pulse will be 



 
recorded by SBMedic algometer (kPa) and used for subsequent testing 

• For each pulse, the pressure will be gradually increased to the pre-determined value at 50 kPa/s, 
maintained for 1-second and then immediately released. A 1-second inter-stimulus interval will be 
used between pulses 

• In the event that you indicate that pain has become intolerable, the sequence will be stopped 
immediately 

 

6. Will my taking part in this study be kept confidential? 
All information collected on you will be kept strictly confidential. Personal information will be retained, 
but only available to the researchers using password protected files. Data will be kept for 10 years in 
accordance to University Regulations. All data for presentation will be anonymised so your identity will 
not be revealed in any way.  
 
7. What will happen to the results of the research study? 
The findings of this study will be presented and shared with other researchers in form of presentations 
and scientific papers as appropriate. These papers will help in development of research in this area and an 
enhanced protocol for future experiments.   
 
8. Who is organising and funding the research? 
The study has been designed and organised by Nicola Middlebrook (PhD Student). No funding has been 
given towards this study. 
 
9. Contact for further information 
Lead Supervisor: N  
Investigator: Kon    
 
Thank you for taking time to read this and considering taking part in the study. 
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Appendix 7 – Ratio Scores (Bar Graphs) for Chapter four. 
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Appendix 8 – Blank baseline patient and injury characteristic 

questionnaires designed for Chapter five  
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